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Left Ventricular Apical Aneurysm in 
Fabry Disease: Implications for Clinical 
Significance and Risk Stratification
Hao-Chih Chang , MD*; Ling Kuo , MD*; Shih-Hsien Sung , MD, PhD; Ching-Yao Weng , MD;  
Chun-Ku Chen, MD, PhD; Dau-Ming Niu, MD, PhD; Shih-Ann Chen , MD; Wen-Chung Yu , MD

BACKGROUND: A previously underrecognized phenotype of left ventricular apical aneurysm (LVAA) has been increasingly identi-
fied in Fabry disease. This study explored LVAA’s clinical prevalence and its prognostic implications over a long-term follow-up.

METHODS AND RESULTS: We retrospectively analyzed 268 consecutive patients with Fabry disease at a tertiary medical center. 
Patients with increased left ventricular mass index were recognized as having left ventricular hypertrophy (LVH). LVAA was 
identified using either echocardiography or cardiovascular magnetic resonance imaging. Two patients with ischemic LVAA 
were excluded. The primary end point was a composite of cardiovascular events, including heart failure hospitalization, 
sustained ventricular tachycardia, ischemic stroke, and all-cause mortality. Of 266 enrolled patients, 105 (39.5%) had LVH 
(age 58.5±11.9 years, 48.6% men), and 11 (10.5%) had LVAA. Over 49.3±34.8 months of follow-up, 25 patients with LVH 
experienced composite events, including 9 heart failure hospitalizations, 4 sustained ventricular tachycardia, 6 ischemic 
strokes, and 15 mortalities. In patients with LVH, those with LVAA had a significantly higher risk of composite events and lower 
event-free survival than those without LVAA (8 [72.7%] versus 17 [18.1%], log-rank P<0.001). LVAA was independently associ-
ated with an increased risk of composite events (hazard ratio, 3.59 [95% CI, 1.30–9.91]; P=0.01) after adjusting for age, sex, 
advanced heart failure, renal function, dyslipidemia, atrial fibrillation, left ventricular ejection fraction, left ventricular diastolic 
function, and left ventricular mass index.

CONCLUSIONS: LVAA is present in approximately 10% of patients with Fabry disease and LVH. It is associated with an increased 
risk of adverse cardiovascular events and may necessitate aggressive treatment.

Key Words: cardiovascular magnetic resonance ■ echocardiography ■ Fabry disease ■ left ventricular apical aneurysm  
■ left ventricular hypertrophy

Fabry disease is an X-linked inherited lysosomal stor-
age disease caused by pathogenic variants of the 
GLA (α-galactosidase A) gene. It results in deficient 

α-Gal A (α-galactosidase A) enzyme activity and accu-
mulation of globotriaosylceramide in numerous tissues 
and organs. The cardiac manifestations of left ventricu-
lar hypertrophy (LVH), heart failure (HF), and arrhythmia 
are the major causes of low quality of life and prema-
ture death.1,2 The administration of enzyme replacement 

therapy (ERT) has been demonstrated to be beneficial 
in Fabry disease. However, myocardial fibrosis, a crucial 
determinant of cardiovascular outcomes in Fabry cardio-
myopathy, cannot be modified by ERT.3,4 Hence, early 
recognition and identification of the high-risk features are 
valuable for risk assessment and disease management.

LVH has been recognized as an important and 
common cardiovascular manifestation of Fabry dis-
ease.1,5 Cardiac imaging enables the detection of 
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various cardiac phenotypes and differentiation from 
other cardiomyopathies with LVH through the charac-
terization of the myocardium. Thus, it has become es-
sential for the prognostication and timely management 
of Fabry disease.6–8 Distinct from the widely reported 
concentric LVH, a rare and novel phenotype of left ven-
tricular apical aneurysm (LVAA) has been increasingly 
recognized in recent years.9,10 This LVAA phenotype 
mimics hypertrophic cardiomyopathy (HCM) with api-
cal hypertrophy or midventricular hypertrophy accom-
panied by LVAA.9–11 Evidence indicates that patients 
with HCM with LVAA represent a subgroup at high risk 
of adverse cardiovascular events, including progres-
sive HF and sudden cardiac death.11,12 Nevertheless, 
the clinical importance and prognostic impact of LVAA 
remain unclear. Therefore, the present study aimed to 
investigate the clinical prevalence of LVAA and its prog-
nostic implications among patients with Fabry disease.

METHODS
Study Population
This study was a retrospective cohort study conducted 
at a tertiary medical center in Taiwan, enrolling patients 

aged >20 years with Fabry disease from January 2010 
through September 2020. Fabry disease was either 
identified from the pedigree of the index case diag-
nosed from the newborn screening program13,14 or di-
agnosed upon clinical presentation of unexplained LVH. 
The diagnosis of Fabry disease was confirmed by the 
genetic sequencing of the GLA gene.2,8 The identified 
pathogenic mutations were classified as either classic 
or late-onset cardiac variants (eg, IVS4+919 G>A muta-
tion, the predominant genotype in Taiwan).13,15 Baseline 
characteristics were recorded, including body mass 
index, smoking status, functional capacity as catego-
rized by the New York Heart Association functional 
classification, extracardiac symptoms, and comorbidi-
ties. Estimated glomerular filtration rate was calculated 
using the Modification of Diet in Renal Disease equa-
tion.16 The presence of microalbuminuria was defined 
by the spot urine microalbumin-to-creatinine ratio of 
>0.03 upon the initial diagnosis. An ECG was recorded 
at baseline. ECG characteristics were determined by 2 
independent researchers (H.-C.C. and L.K.) who were 
blinded to the clinical data. ECG-based diagnosis of 
LVH was performed according to the Sokolow-Lyon 
criteria. Deep T-wave inversion was defined as an in-
verted T wave of ≥5 mm. Poor R-wave progression 
was defined as the absence of a QRS transition from a 
negative to positive deflection by lead V4. The present 
study was approved by the institutional review board of 
Taipei Veterans General Hospital, and written informed 
consent was obtained from each patient. The investi-
gation also conformed to the principles outlined in the 
Declaration of Helsinki. The data underlying this article 
will be shared upon reasonable request to the corre-
sponding author.

Imaging
Echocardiography

The transthoracic echocardiographic study was con-
ducted according to the recommendations from the 
American Society of Echocardiography.17 Left atrial 
dimension, interventricular septal thickness, and pos-
terior wall thickness were measured using M-mode 
tracing. Transmitral inflow parameters were measured 
using pulsed wave Doppler echocardiography, and 
early diastolic mitral annular  velocity was measured 
through tissue Doppler echocardiography. Left ven-
tricular ejection fraction (LVEF) was assessed using 
the modified Simpson’s rule. Left ventricular (LV) mass 
was estimated using the area–length method and was 
divided by body surface area to yield LV mass index. 
LVH was defined as an increase in LV mass, with LV 
mass index >115 g/m2 in men or 95 g/m2 in women. 
LVAA was defined as the presence of a discrete, thin-
walled, dyskinetic, or akinetic segment at the LV apex. 
LVAA was identified by either echocardiography or cine 

CLINICAL PERSPECTIVE

What Is New?
•	 Left ventricular apical aneurysm is present in 

approximately 10% of patients with Fabry dis-
ease with left ventricular hypertrophy.

•	 Patients with Fabry disease and left ventricular 
apical aneurysm are at risk for more adverse 
cardiovascular events over a long-term follow-
up period.

What Are the Clinical Implications?
•	 Identification of apical aneurysm can be of clini-

cal relevance for risk stratification in patients 
with Fabry disease.

•	 Whether contemporary therapeutic interven-
tions mitigate the cardiovascular risks derived 
from the aneurysm formation requires more 
investigation.
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ERT	 enzyme replacement therapy
HCM	 hypertrophic cardiomyopathy
LGE	 late gadolinium enhancement
LVAA	 left ventricular apical aneurysm
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images on cardiovascular magnetic resonance (CMR) 
imaging upon the initial diagnosis of Fabry disease. 
The diagnosis of LVAA was made by 2 independent 
investigators (H.-C.C. and L.K.), who were both blind 
to data of clinical events on their respective review of 
the cardiac imaging and was confirmed by a third ex-
perienced cardiologist (W.-C.Y.). The aneurysm size 
was measured as the maximal transverse dimension 
at end-systole in the 4-chamber view and was classi-
fied as small (<20 mm), medium (20–40 mm), or large 
(>40 mm).12 Because obstructive atherosclerotic coro-
nary disease can promote the formation of apical an-
eurysms, patients with ischemic LVAA were excluded. 
Atherosclerotic coronary disease was defined as either 
positive findings of noninvasive stress tests (either by 
exercise treadmill test or myocardial perfusion scan), 
history of acute coronary syndrome, or concomitant 
significant narrowing (≥50%) of the left anterior de-
scending coronary artery by conventional coronary 
angiography.

CMR Imaging Acquisition Protocol and Late 
Gadolinium Enhancement Quantification

CMR imaging studies were performed on a 1.5T scan-
ners (GE Optima MR450w; GE Healthcare, Waukesha, 
WI) and a 3T scanner (Discovery MR750; GE Healthcare),  
each with a cardiac phased-array receiver surface coil 
and ECG gating. Cine imaging was performed using 
a steady-state free precession sequence (echo time: 
1.2–1.6 ms, repetition time: 3.2–3.6 ms) in a stack of 
8-mm-thick short-axis slices encompassing the whole 
ventricle as well as long-axis slices. On the other hand, 
we used gradient echo sequence to minimize artifacts 
among patients with implantable devices. Late gado-
linium enhancement (LGE) images were acquired 10 
to 15 minutes after the intravenous administration of 
0.15 mmol/kg gadobutrol (Gadovist, Bayer, Germany) 
as a contrast agent; an inversion-recovery gradient 
echo pulse sequence was used to individually adjust 
the inversion time according to the result of inversion 
time scout scans to optimize the nulling of the normal 
myocardium (inversion time: 310–380 ms).18 The field 
of view was 320×320 mm as standard but was al-
tered depending on the patient size. The typical voxel 
size of the images was 1.6×2.0×8 mm, the echo time 
was 3.1 to 3.5 ms, and the repetition time was 6.2 to 
7.6 ms for the 1.5T scanner. The echo time was 2.5 to 
3.1 ms  and the repetition time was 5.4 to 6.6 ms for 
the 3T scanner. All patients had obtained informed 
consent, and patient monitoring was performed ac-
cording to the standard procedures of CMR imaging 
for patients with implanted devices.19 The presence of 
LGE required confirmation in 2 spatial orientations, and 
the researcher was blinded to the clinical data. The 
extent of LGE was measured using CVI42 software 

(Circle Cardiovascular Imaging, Calgary, Canada), and 
signal thresholds of ≥5 SDs above the mean signal of 
the reference myocardium were applied to derive the 
values for total scar mass. Thereafter, each of those 
values was divided by the total LV mass to generate a 
percentage.20

Study End Point and Follow-Up
All of the patients were routinely evaluated every 
3 months at our institution or a local clinic. The primary 
end point was a composite of cardiovascular events, 
including HF hospitalization, sustained ventricular 
tachycardia (VT), ischemic stroke, and all-cause mor-
tality. HF hospitalization was defined based on the 
presentation of typical HF symptoms and signs, chest 
radiograph findings, and elevated N-terminal pro-B-
type natriuretic peptide levels requiring hospitalization 
for intravenous therapies. Sustained VT was defined 
as ventricular beats at a rate of ≥100 bpm for >30 s, 
as detected either by continuous ECG strips, 24-hour 
ambulatory Holter monitor studies routinely performed 
every year, or records from pacemakers or implantable 
cardioverter-defibrillators. Ischemic stroke was defined 
as the sudden onset of a focal neurological deficit from 
a nontraumatic cause, as verified by brain magnetic 
resonance imaging or computed tomography.

Statistical Analysis
Continuous variables are expressed as mean±SD, and 
categorical variables are reported as count with per-
centage. One-way analysis of variance, independent-
sample Student t-test, χ2 test, and Fisher exact test 
were used to compare differences across groups, 
as appropriate. Bonferroni test was used for multiple 
comparison correction between groups. Among pa-
tients with LVH, logistic regression analysis was con-
ducted to determine the characteristics associated 
with LVAA. Predictors of the primary end point were 
identified using Cox proportional hazards models by 
time-to-first-event analysis. Multivariable Cox regres-
sion analysis with backward selection was conducted 
to assess the independence of the significant varia-
bles. At each follow-up point, the proportion of patients 
not experiencing adverse events were estimated using 
the Kaplan-Meier method. A 2-tailed P value of <0.05 
was considered indicative of statistical significance. All 
statistical analyses were performed using SPSS ver-
sion 24.0 (IBM, Armonk, NY).

RESULTS
Baseline Characteristics
After excluding 2 patients with ischemic LVAA, 
we included a total of 266 patients (aged 
50.2±15.4 years, 43.3% men) with Fabry disease into 
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the analysis (Figure 1). Among them, 221 (83.1%) had 
the IVS4+919G>A mutation. Of the total study partici-
pants, 105 (39.5%) presented with LVH. Although none 
of the patients in the group of normal LV mass index 
had LVAA, 11 (10.5%) patients with LVH had LVAA, 
with sizes varying from 6.6 to 60 mm (median, 27 mm). 
LVAA could be identified using echocardiography in 6 
patients, including 2 patients with large aneurysms and 
4 patients with medium aneurysms; however, in 5 pa-
tients with medium or small aneurysms, LVAA could be 
only identified using CMR imaging.

The clinical and cardiac imaging characteristics are 
detailed in Table 1. In brief, patients with LVH were older 
and had more comorbidities such as hypertension, dia-
betes, dyslipidemia, atrial fibrillation, history of ischemic 
stroke, and advanced HF, as well as lower estimated 
glomerular filtration rate. There was no significant differ-
ence in the distribution of classical type or the manifes-
tations of extracardiac symptoms among the 3 groups. 
Patients with LVAA had the lowest level of α-Gal A activ-
ity, followed by the group of LVH without LVAA and the 
group with normal LV mass index. The ECGs suggest 
that prolonged PR interval and poor R-wave progres-
sion were more prevalent in the patients with LVAA than 
in those without LVAA. A thicker posterior wall, greater 
LV mass index, larger left atrial dimension, and higher 
averaged ratio of early diastolic tansmitral inflow veloc-
ity (E) to early diastolic mitral annular veloctiy (e’) (E/e’) 

values were observed among patients with LVH and 
LVAA. However, the prevalence of LGE on CMR imaging 
was similar between the 2 groups. In regard to the med-
ical treatment, there was no significant difference in the 
medical therapy or ERT between patients without and 
with LVAA, except that patients with LVAA were more 
likely on statins compared with those without LVAA.

Detailed clinical characteristics and LVAA morphology 
are presented in Figure 2. Of the 11 patients with LVAA, 
9 (81.8%) had the IVS4 mutation. Only 1 patient with me-
dium aneurysm had low LVEF of 33.5%. Of the 7 patients 
who underwent CMR imaging, 6 presented with LGE, 
and 1 with a small aneurysm displayed no signs of LGE. 
Representative instances of LGE revealed by gadolinium-
enhanced CMR imaging are presented in Figure 3. Among 
all the patients with LVH, older age, advanced-stage HF 
(New York Heart Association functional class III or IV), co-
morbidity of atrial fibrillation, greater LV mass index, larger 
left atrial size, and higher average E/e′ were all significantly 
associated with the presence of LVAA (Table S1).

Survival Analysis
After a mean follow-up of 51.9±37.5 months, 27 
(10.2%) patients exhibited composite cardiovascular 
events, including 2 (1.2%) with normal LV mass index, 
17 (18.1%) with LVH and without LVAA, and 8 (72.7%) 
with LVAA (Figure  1). Among the patients with LVH 
and LVAA, there was a total of 4 (36.4%) mortalities, 

Figure 1.  Flowchart of the study population.
*Two patients with ischemic LVAA as indicated by coronary angiography showing significant lesions with ≥50% stenosis of the left 
anterior descending artery were excluded from analysis. CMR indicates cardiovascular magnetic resonance; HF, heart failure; LV, left 
ventricular; LVAA, left ventricular apical aneurysm; LVH, left ventricular hypertrophy; and VT, ventricular tachycardia.
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Table 1.  Baseline Characteristics of the Study Population

Variables

Normal LV mass index
LVH no apical 
aneurysm LVH apical aneurysm

P1* value P2† valuen=161 n=94 n=11

Age, y 44.8±15.0 57.5±11.8‡ 67.5±9.5‡ <0.001§ 0.008§

Men, n (%) 72 (44.7) 43 (45.7) 8 (72.7) 0.2 0.1

Body mass index, kg/m2 24.0±3.7 24.5±4.5 24.9±4.0 0.5 0.8

Smoking, active or quit, n (%) 42 (26.1) 17 (17.0) 5 (45.5) 0.06 0.04§

Comorbidities

Hypertension, n (%) 40 (24.8) 46 (48.9)‡ 4 (36.4) <0.001§ 0.5

Diabetes, n (%) 11 (6.8) 16 (17.0)‡ 1 (9.1) 0.04§ 0.7

Dyslipidemia, n (%) 13 (8.1) 15 (16.0) 5 (45.5)‡ 0.001§ 0.03§

Atrial fibrillation, n (%) 2 (1.2) 12 (12.8)‡ 7 (63.6)‡ <0.001§ <0.001§

Genetic mutation and clinical manifestations

Classical type, n (%) 12 (7.5) 14 (14.9) 1 (9.1) 0.2 1

IVS4+919G>A, n (%) 142 (88.2) 70 (75.3)‡ 9 (81.8) 0.03§ 1

α-galactosidase A activity 3.2±2.7 2.6±3.0 1.0±1.0‡ 0.03§ 0.001§

NYHA class III/IV, n (%) 1 (0.6) 7 (7.4)‡ 3 (27.3)‡ <0.001§ 0.07

Angiokeratoma, n (%) 1 (0.6) 2 (2.2) 0 (0) NA NA

Acroparesthesia, n (%) 11 (6.8) 8 (8.6) 0 (0) NA NA

Abnormal sweating, n (%) 2 (1.2) 3 (3.2) 0 (0) NA NA

eGFR, mL/min per 1.73 m2 99.2±22.9 80.3±26.3‡ 79.9±18.7‡ <0.001§ 1

Microalbuminuria, n (%) 38 (23.6) 33 (35.1) 2 (18.2) 0.1 0.3

UACR, mg/g 0.07±0.4 0.3±1.3 0.03±0.05 0.1 0.5

Previous ischemic stroke, 
n (%)

3 (1.9) 8 (8.5)‡ 1 (9.1) 0.04§ 1.0

Electrocardiography

PR interval, ms 158.2±24.15 157.8±29.8 185.5±24.4‡ 0.006§ 0.005§

LVH|| 17 (10.7) 38 (41.8)‡ 5 (50)‡ <0.001§ 0.6

Deep TWI 6 (3.8) 40 (44)‡ 6 (60)‡ <0.001§ 0.3

PRWP 6 (3.8) 7 (7.7) 4 (40)‡ <0.001§ 0.002§

Echocardiography

LA dimension, mm 30.6±5.1 36.2±6.7‡ 43.3±8.6‡ <0.001§ 0.002§

IVST, mm 9.8±2.9 15.9±13.5‡ 17.1±4.4‡ <0.001§ 0.8

PWT, mm 10.2±8.8 13.3±3.5‡ 16.4±5.3‡ <0.001§ 0.008§

E/A 1.4±0.6 1.1±0.5‡ 1.1±0.5 <0.001§ 0.6

Average E/e′ 8.2±2.8 12.8±5.6‡ 18.9±6.7‡ <0.001§ 0.001§

LVEF, % 64.7±5.5 62.6±8.2 57.4±9.2‡ <0.001§ 0.05

LVEF <40%, n (%) 0 (0) 1 (1.1) 1 (9.1) NA 0.2

LV mass index, g/m2 78.3±16.3 158.2±75.8‡ 222.5±41.0‡ <0.001§ 0.007§

CMR

LGE, n (%), n=129 16 (21.3), n=75 21 (44.7),‡ n=47 5 (71.4),‡ n=7 0.002§ 0.2

Medication/treatment

RAS-i, n (%) 18 (11.2) 31 (33.0)‡ 3 (27.3) <0.001§ 1

β-Blocker, n (%) 8 (5.0) 22 (23.4)‡ 6 (54.5)‡ <0.001§ 0.06

CCB, n (%) 12 (7.5) 20 (21.3)‡ 1 (9.1) 0.005§ 0.7

Diuretics, n (%) 4 (2.5) 13 (13.8)‡ 2 (18.2)‡ 0.001§ 0.7

MRA, n (%) 0 (0) 2 (2.1) 1 (9.1) NA 0.3

Statins, n (%) 8 (5.0) 11 (11.7)‡ 5 (45.5)‡ <0.001§ 0.01§

Aspirin, n (%) 5 (3.1) 12 (12.8)‡ 2 (18.2)‡ 0.005§ 0.6

 Continued
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5 (45.5%) HF hospitalizations, 3 (27.3%) sustained VT, 
and 1 (9.1%) ischemic stroke over a mean follow-up of 
49.3±34.8 months. Both patients with large aneurysms, 
5 of the 6 patients with medium aneurysms, and 1 of 
the 3 patients with small aneurysms experienced the 

primary end point. Of the 3 patients with LVAA who did 
not experience composite events, 1 had a medium an-
eurysm and the other 2 had small aneurysms. There 
was barely short-run VT documented in these patients 
(Table 2).

Variables

Normal LV mass index
LVH no apical 
aneurysm LVH apical aneurysm

P1* value P2† valuen=161 n=94 n=11

Clopidogrel, n (%) 0 (0) 5 (5.3) 1 (9.1) NA 0.5

Warfarin, n (%) 0 (0) 0 (0) 2 (18.2) NA NA

DOAC, n (%) 1 (0.6) 0 (0) 1 (9.1) NA NA

ERT, n (%) 52 (32.3) 63 (67.0)‡ 8 (72.7)‡ <0.001§ 1

CCB indicates calcium channel blocker; CMR, cardiac magnetic resonance; DOAC, direct oral anticoagulant; E/A, the ratio of of early to late diastolic 
transmitral flow velocity; E/e’, the ratio of early diastolic tansmitral inflow velocity to early diastolic mitral annular velocity; eGFR, estimated glomerular filtration 
rate; ERT, enzyme replacement therapy; IVST, interventricular septal thickness; LA, left atrial; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, 
left ventricular ejection fraction; LVH, left ventricular hypertrophy; MRA, mineralocorticoid receptor antagonist; NA, not applicable; NYHA, New York Heart 
Association; PRWP, poor R wave progression; PWT, posterior wall thickness; RAS-i, renin-angiotensin system inhibitor; TWI, T wave inversion; and UACR, urine 
albumin-to-ceatinine ratio.

*Comparison among the 3 groups.
†Comparison between patients with LVH with and without apical aneurysm.
‡P<0.05, compared with patients with normal LV mass index after Bonferroni correction.
||According to Sokolow-Lyon criteria.
§P<0.05.

Table 1.  Continued

Figure 2.  Clinical characteristics of the patients with LVAA.
CMR indicates cardiovascular magnetic resonance; ERT, enzyme replacement therapy; HF, heart failure; ICD, implantable cardioverter-
defibrillator; LGE, late gadolinium enhancement; LVAA, left ventricular apical aneurysm; LVEF, left ventricular ejection fraction; LVMI, 
left ventricular mass index; NA, not applicable; NYHA, New York Heart Association; and VT, ventricular tachycardia.
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Notably, among the patients with LVH, the risk of 
composite cardiovascular events was 4-fold higher 
(P<0.001) in the presence of LVAA (8 [72.7%]) than 
those without LVAA (17 [18.1%]). Similarly, the patients 
with LVAA were at 3-fold higher risk of all-cause mor-
tality (4 [36.4%] versus 11 [11.7%]; P=0.049), 10-fold 
higher risk of HF-related hospitalization (5 [45.5%] 
versus 4 [4.3%]; P<0.001), and 25-fold higher risk of 
VT (3 [27.3%] versus 1 [1.1%]; P=0.003). However, the 
proportion of ischemic stroke was similar between pa-
tients with and without LVAA (1 [9.1%] versus 5 [5.3%]; 
P=0.5; Figure 4). The comparison of the proportion of 
adverse cardiovascular events between the 3 groups 
of patients is shown in Figure S1.

Table 2 summarizes the prognostic implications of 
each parameter for predicting the long-term primary 
cardiovascular events by univariable and multivariable 
Cox proportional hazards models. Univariable predic-
tors of composite cardiovascular events were older 
age, advanced HF, low estimated glomerular filtration 
rate, comorbidities of dyslipidemia and atrial fibrillation, 
LVEF of <40%, high LV mass index, and high average 
E/e′, as well as LVAA. Although the trend of a higher 
risk of adverse events in the patients with LGE than 
in those without was observed, the difference was 
not significant (hazard ratio [HR], 3.68 [95% CI, 0.99–
13.73]; P=0.05). After multivariable adjustment, LVAA 

remained an independent predictor of cardiovascu-
lar events in the patients with LVH (adjusted HR, 3.59 
[95% CI, 1.30–9.91]; P=0.01). In the Kaplan-Meier sur-
vival analysis, patients with LVH and LVAA registered a 
shorter composite event-free survival compared with 
the group with LVH without LVAA and the group with 
normal LV mass index (log-rank P<0.001; Figure 5).

DISCUSSION
To the best of our knowledge, this is the first study 
to assess the clinical prevalence and prognostic im-
plications of LVAA in patients with Fabry disease. The 
present study revealed that approximately 10% of pa-
tients with Fabry disease with LVH were present with 
LVAA and were characterized by older age, advanced 
HF, comorbidity of atrial fibrillation, increased LV mass 
index, enlarged left atrial dimensions, and LV diastolic 
dysfunction. In addition, LVAA was independently as-
sociated with an increased risk of adverse cardiovas-
cular events, including HF hospitalization, VT, and 
all-cause mortality.

Mechanisms of LVAA Formation
Although LVAAs have been discovered in numerous 
nonischemic cardiomyopathies,9,21–23 the underlying 
mechanisms of LVAA formation can be variable. Two 

Figure 3.  Representative LGE on gadolinium-enhanced CMR images in patients with LVAA.
A 57-year-old man with a 2.7-cm aneurysm (red arrowhead) in diastolic (A) and systolic phase (B), with midcavity obstruction visible 
in systole. Contrast-enhanced CMR image reveals transmural LGE at the aneurysmal rim (C, yellow arrowhead). An 82-year-old 
woman with a small-sized 0.7-cm apical aneurysm (green arrowhead) in diastolic (D) and systolic phase (E); sigmoid hypertrophy 
(septum>lateral wall) with LVOT obstruction is visible. (F) The contrast-enhanced CMR image displays diffused midwall LGE 
with extension to the apical aneurysm (blue arrows). CMR indicates cardiovascular magnetic resonance; LGE, late gadolinium 
enhancement; LVAA, left ventricular apical aneurysm; and LVOT, left ventricular outflow tract.
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potential hypotheses have been proposed for patients 
with Fabry disease: (1) decreased myocardial perfu-
sion at the LV apex and (2) local inflammation. The hy-
pothesis of decreased myocardial perfusion has been 
derived from the observations of patients with HCM, 
considering the similar hypertrophic morphologies.12,22 
The peculiar hypertrophic morphology manifesting as 
LV midchamber hypertrophy with systolic midventricu-
lar obstruction can cause increased pressure at the LV 
apex, which leads to reduced coronary perfusion. The 
subsequent mismatch between myocardial oxygen 
supply and demand can result in microvascular dys-
function, further decreased coronary reserve, and the 
genesis of LVAA. The hypothesis of local inflammation 
can be inferred from Chagas cardiomyopathy24,25 and 
cardiac sarcoidosis.23,26–28 Recent studies have pro-
posed the detection of cardiac involvement in patients 
with Fabry disease by using 18F-fluorodeoxyglucose-
positron emission tomography and CMR imaging to 
characterize local myocardial inflammation, edema, 

and fibrosis.29,30 In addition, a previous study reported 
that the aberrant accumulation of lipid antigens and 
the subsequent activation of immature natural killer T 
cells may cause autoimmunity and myocardial inflam-
mation.31 Although the formation of LVAA might be 
logically attributed to local inflammation, further inves-
tigation is required to verify the hypothesis of inflamma-
tion being involved in the formation of LVAA in patients 
with Fabry disease.

Thromboembolic Events
Another critical issue for LVAA is the increased risk of 
thromboembolic events. Nunes et al demonstrated 
that the prevalence of ischemic stroke in patients with 
Chagas disease was 20%, and apical aneurysm and 
intracavitary thrombus of the LV were independently 
associated with ischemic stroke.21 Papanastasioua 
et al conducted a meta-analysis that included a 
total of 2382 patients with HCM and discovered that 
LVAA was significantly associated with a high risk of 

Table 2.  Cox Regression Analysis on the Predictors of the Composite Outcomes in Patients With Fabry Disease Presenting 
With LVH

Variables

Univariate analysis Multivariable analysis

HR 95% CI P value HR 95% CI P value

Clinical characteristics

Age 1.10 1.06–1.15 <0.001* 1.06 1.01–1.11 0.02*

Men 2.07 0.91–4.68 0.08 2.37 0.96–5.89 0.06

BMI 0.93 0.84–1.04 0.2

Smoking 1.33 0.53–3.35 0.5

NYHA class III/IV 12.55 5.03–31.27 <0.001* 4.61 1.55–13.69 0.006*

eGFR 0.98 0.96–0.99 0.002* 0.98 0.96–1.00 0.03*

Cholesterol 0.99 0.98–1.00 0.2

Classical type 0.84 0.29–2.48 0.8

IVS4+919G>A 1.95 0.66–5.72 0.2

Hypertension 1.43 0.64–3.20 0.4

Diabetes 1.18 0.44–3.16 0.7

Dyslipidemia 2.32 1.02–5.27 0.04* 0.98 0.34–2.84 1.0

AF 3.8 1.70–8.50 0.001* 0.83 0.25–2.75 0.8

Echocardiography

LVEF <40% 13.07 2.77–61.75 0.001* 1.77 0.32–9.92 0.5

LV mass index 1.01 1.00–1.01 0.003* 1.00 0.99–1.01 0.8

LA dimension 1.06 1.00–1.11 0.05

Average E/e′ 1.11 1.05–1.17 <0.001* 1.02 0.94–1.10 0.7

Apical aneurysm 8.41 3.46–20.42 <0.001* 3.59 1.30–9.91 0.01*

CMR

LGE 3.68 0.99–13.73 0.05

Treatment

ERT 0.8 0.34–1.86 0.6

AF indicates atrial fibrillation; BMI, body mass index; CMR, cardiovascular magnetic resonance; E/e’, the ratio of early diastolic tansmitral inflow velocity to 
early diastolic mitral annular velocity; eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; HR, hazard ratio; LA, left atrial; LGE, late 
gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; and NYHA, New York Heart Association.

*P<0.05.
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Figure 4.  Comparison of the proportion of adverse cardiovascular events between the groups 
of LVH without LVAA and LVH with LVAA.
*P<0.05. HF indicates heart failure; LVAA, left ventricular apical aneurysm; LVH, left ventricular 
hypertrophy; and VT, ventricular tachycardia.

Figure 5.  Kaplan-Meier analysis of composite adverse cardiovascular events in 
patients with Fabry disease at 5-year follow-up.
*Composite events include heart failure hospitalization, sustained ventricular tachycardia, 
ischemic stroke, and all-cause mortality. LV indicates left ventricular; LVAA, left ventricular 
apical aneurysm; and LVH, left ventricular hypertrophy.
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thromboembolic events and sudden cardiac death.32 
However, in our study cohort, a significantly higher risk 
of ischemic stroke was not observed in the patients 
with LVAA compared with those without LVAA (9.1% 
versus 5.3%, P=0.5). Notably, this result was con-
cluded according to the limited stroke event rate in the 
present study. Further investigation of thromboembolic 
events in a larger patient cohort is warranted to deter-
mine whether the prophylactic use of anticoagulants 
helps to prevent ischemic stroke in patients with LVAA.

Prognosis and Treatment
Notably, in the present study, LVAA was identified as 
an independent risk factor for poor cardiovascular 
outcomes, regardless of reduced LVEF or increased 
LV mass index, both of which are well-known predic-
tors of adverse cardiovascular events in patients with 
various cardiomyopathies.33–36 Hanneman et al dem-
onstrated that risk of adverse cardiovascular events 
increased with the extent of LGE in patients with Fabry 
cardiomyopathy.37 It is noteworthy that in our cohort, 
3 patients with the IVS4+919G>A mutation presented 
with small LVAAs, preserved LVEF, and severe LVH but 
variable LGE burden (Figure 2; patients 7, 8, and 10). 
These patients exhibited unique cardiovascular out-
comes. For example, the oldest woman had extensive 
LGE, but no adverse cardiovascular events developed 
during a 3-year follow-up, even without ERT. Notably, 
because of the lack of serial CMR follow-up to evalu-
ate LVAA progression, the effect of ERT on LVAA re-
mains unclear. Another concern is the size of the LVAA 
and the relationship with subsequent adverse events. 
Rowin et al reported the high risk of arrhythmic sudden 
cardiac death in patients with HCM regardless of LVAA 
size.12 Limited by the nature of the observational study 
design and the case number of LVAA in the present 
study, the impact of the size of the LVAA or ERT on the 
adverse cardiovascular events could not be thoroughly 
assessed.

Study Limitations
The present study has some limitations. First, this 
study could be limited by its single-center setting and 
retrospective analysis. The low case number of LVAAs 
could reduce the statistical power, increase the mar-
gin of error, and affect the interpretability of the result. 
However, because Fabry disease is considered a rare 
disease, our study represented a large cohort with col-
lectively the most cases of LVAAs and an extended 
follow-up duration. Second, there were only 8 of 11 
patients with LVAA suffering from adverse cardiovas-
cular events during the follow-up period. Therefore, 
the overfitness of the multivariable Cox regression 
model may be a concern. Nevertheless, a type II error 
is the main issue on the problem of a small number of 

events in the regression model, which is not the case 
in this study.38 Third, because of the limited nature of 
the retrospective cohort study, not all the patients in 
the cohort underwent CMR imaging. Because the de-
tection of small aneurysms could be hindered by the 
acoustic window of echocardiography at the LV apex, 
the prevalence of LVAA could be underestimated, and 
selection bias might be present.12 In addition, we could 
not evaluate the severity of sphingolipid accumulation 
by parametric native T1 mapping, and the LGE quanti-
fication was hindered in some studies because of sub-
optimal imaging quality. To further explore the natural 
course and the cause of LVAA formation, longitudinal 
follow-up by echocardiography and CMR imaging at 
the early stage of Fabry disease could be necessary.8 
Fourth, natriuretic peptide was not routinely obtained 
as a consistent protocol in our cohort; therefore, its 
impact on the adverse cardiovascular events could 
not be fairly assessed in our study. Furthermore, 
whether the contemporary management strategies, 
such as early initiation of ERT or primary prevention 
with ICD, could effectively mitigate the higher risk of 
LVAA-related complications was unclear and warrants 
further exploratory investigation.

CONCLUSIONS
Patients with Fabry disease and LVH are at risk of ad-
verse cardiovascular events and premature deaths. 
Among them, at least 10% present with LVAA, which 
represents an even higher risk factor for complications, 
including HF-related hospitalization, VT, and all-cause 
mortality, and is independent of the severity of LVH 
or LV diastolic dysfunction. Further mechanistic stud-
ies are required to explore the mechanisms of LVAA 
formation in the context of disease progression. As a 
clinically relevant risk marker, identification of LVAA is 
potentially critical for risk stratification in patients with 
Fabry disease. Further exploratory studies are re-
quired to elucidate the potential benefits of applying 
contemporary treatment modalities to this vulnerable 
subgroup.
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SUPPLEMENTAL MATERIAL 
  



Table S1. Association between baseline characteristics and presence of apical 

aneurysm. 

Variables Odds ratio 95% CI P 

Clinical characteristics    

Age 1.09 1.02-1.16 0.01 

Male 3.16 0.79-12.67 0.1 

BMI 1.02 0.89-1.17 0.8 

NYHA class III/IV 4.66 1.01-21.61 0.049 

eGFR 1.00 0.98-1.02 1 

Classical type 0.57 0.07-4.82 0.6 

IVS4 mutation 1.48 0.30-7.35 0.6 

Hypertension 0.60 0.16-2.17 0.4 

Diabetes 0.49 0.06-4.08 0.5 

Atrial fibrillation 11.96 3.04-47.05 <0.001 

Echocardiography    

LVEF < 40% 9.30 0.54-160.38 0.1 

LV mass index 1.01 1.00-1.01 0.03 



 

LA dimension 1.15 1.04-1.26 0.004 

Average E/e’ 1.14 1.04-1.25 0.006 

CMR    

LGE 3.10 0.55-17.60 0.2 

BMI = body mass index; CI = confidence interval; eGFR = estimated glomerular 

filtration rate; LA = left atrium; LGE = late gadolinium enhancement; LVEF = left 

ventricular ejection fraction; LV = left ventricle; NYHA = New York Heart 

Association. 



Figure S1. Comparison of the proportion of adverse cardiovascular events between the groups with normal LV mass index, LVH 

without LVAA, and LVH with LVAA. 
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