Transcatheter Tricuspid Valve Replacement ® creckiorupcaes
for Anderson Fabry Disease With Severe
Tricuspid Regurgitation

Guang-Wei Zhou, MD, Fan Yang, MD, Fan Qiao, MD, PhD, Zhi-Gang Song, MD, PhD,
Lin Han, MD, PhD, Fang-Lin Lu, MD, PhD, and Zhi-Yun Xu, MD, PhD, Shanghai, People’s
Republic of China

INTRODUCTION

Anderson Fabry disease (AFD) is an X-linked recessive metabolic
disorder characterized by deficient activity of the lysosomal hydrolase,
a-galactosidase A. Clinical manifestations of AFD are diverse and vary
greatly depending on age and gender. These can be multiorgan
involving the kidney, brain, heart, eye, and skin, and hence the diag-
nosis of AFD may be missed.'

Treatment depends on early recognition of the disease and timely
institution of enzyme replacement therapy (ERT).” A severe form of
valvular regurgitation that would require surgical correction is rela-
tively rare in AFD. The patient in this report had been followed for
many years for renal dysfunction, mitral regurgitation, and hypertro-
phic cardiomyopathy (HCM), but AFD was not recognized until
recently. Our patient had severe tricuspid regurgitation (TR) and im-
planted transcatheter tricuspid valve replacement (TTVR) and
accepted ERT for further treatment. In this report, we described echo-
cardiographic imaging and clinical observations to further understand
AFD, help avoid misdiagnosis, and provide evidence for its clinical
treatment and prognosis.

CASE PRESENTATION

A 54-year-old man was admitted with bilateral lower extremity
edema and abdominal distension that persisted over a year but wors-
ened within the last 3 months. The patient had a history of cardiac
pacemaker implantation, renal replacement, and mitral valve replace-
ment (MVR), which were performed in 2006, 2009, and 2015,
respectively. They denied any family history of cardiovascular or kid-
ney disease. After being admitted, physical examination showed
blood pressure of 112/70 mm Hg, heart rate of 60 bpm, and body sur-
face area of 1.4 m?. On auscultation, there was a diastolic murmur
over the right lower sternal border. A blood test showed high level
of creatinine, 159 umol/L; glomerular filtration rate, 27.9 mL/min; tri-
oxypurine 724, umol/L; N-terminal b-type natriuretic peptide precur-
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sor, 6,050 pg/mL, B-type natriuretic peptide, 1,491.38 pg/mL, and
international standardized ratio of prothrombin time, 2.0.

The transthoracic echocardiogram (TTE), which was performed
1 day after the patient was admitted to our hospital, revealed mark-
edly increased wall thickness of the left (LV) and right ventricular
(RV) myocardium (interventricular septum, 2.3 cm; post wall,
1.7 cm; RV free wall, 1.3 cm), enlargement of the left and right atrium
(left atrial [LA] volume index [LAVil, 69.2 mL/m?; right atrial [RAI]
volume index, 51.4 mL/m?), LV ejection fraction (LVEF) of 67%,
RV fractional area change of 55%, mild increased pulmonary artery
systolic pressure (37 mm Hg), and normally functioning mechanical
mitral valve (mean transvalvular gradient, 6.0 mm Hg); transesopha-
geal echocardiography (TEE) showed severe TR with vena contracta
(VQO) of 0.7 cm (Figure 1, Videos | and 2). An electrocardiogram re-
vealed atrial fibrillation and ventricularly paced rhythm. Chest radiog-
raphy showed postoperative MVR, cardiomegaly, and dual-chamber
pacemaker implantation (Figure 2). An overall evaluation showed
that the Society of Thoracic Surgeons score was 8.07%, clinic risk
score was 7, Kansas City Cardiomyopathy Questionnaire (KCCQ)
score was 5833, and 6-minute walking distance (6MWD) was
308 m. The patient was informed that due to their surgical risk,
they were not eligible to undergo a second thoracotomy but met
the inclusion criteria for interventional tricuspid valve surgery for se-
vere TR (VC = 0.7 cm), as their LV systolic function was normal
(LVEF = 50%), the pulmonary artery systolic pressure was =55%,
and there was no coexistent severe valve dysfunction. After obtaining
consent, TTVR was performed.

LuX-Valve is a novel TTVR system that consists of the following 4
components: (1) a trileaflet prosthetic valve with bovine pericar-
dium; (2) a self-expandable nitinol valve stent consisting of an atrial
disc; (3) 1 interventricular septal anchor “tongue”; and (4) 2
expanded polytetrafluoroethylene-covered graspers (Figure 3A). It
can be delivered via a 32-F catheter (Figure 3B and C) through a
minimally invasive right thoracotomy under anesthesia without car-
diopulmonary bypass using TEE and fluoroscopy guidance
(Figure 3D and E).

The total procedure went smoothly. The TEE showed that the po-
sition and function of the implanted valve prosthesis were normal,
while color Doppler showed no obvious valve regurgitation or para-
valvular leakage (Figure 4, Videos 3 and 4). Right ventricular angiog-
raphy was not performed because of a history of kidney
transplantation and unilateral renal insufficiency on admission. The
patient’s symptoms improved to mild exertional dyspnea (New
York Heart Association functional class D), the edema disappeared in
both legs, and there were no TIVR-related complications.
Compared to preTTVR, TTE showed that TR disappeared, the
LAVi increased (82.1 vs 69.2 mL/m?), RA volume index decreased
(42.8 vs 51.4 mL/m?) before discharge, and TV mean gradient was
improved (2.5 vs 1.3 mm Hg).
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VIDEO HIGHLIGHTS

Video 1: Two-dimensional TTE, apical 4-chamber view,
demonstrates severe biventricular myocardial wall thickness
with normal systolic function. Also noted is a mechanical MVR
and pacemaker wire.

Video 2: Two-dimensional TTE, parasternal short-axis mid-
ventricular display, demonstrates severe biventricular myocar-
dial wall thickness and normal global LV systolic function.
Video 3: Two-dimensional TEE with color Doppler, mid-
esophageal window, biplane (0° and 90°) display demonstrates
dilated right atrium with severe TR.

Video 4: Two-dimensional TEE with color Doppler, multi-
planar view (0°/60°/120°) demonstrates no significant valvular
or paravalvular TR after TTVR implantation.

Video 5: Two-dimensional TTE, apical 4-chamber view dem-
onstrates progressive thickening of the biventricular myocardial
walls, reduction in right heart dimensions, and further dilatation
of the left atrium 1 year following the TTVR compared with
baseline.

Video 6: Two-dimensional TTE, parasternal short-axis mid-
ventricular display demonstrates persistently severe biventricular
myocardial wall thickness and normal global LV systolic function
1 year following the TTVR compared to baseline.

View the video content online at www.cvcasejournal.com.

Nearly 1 year after TTVR, the patient began to feel fatigue and
shortness of breath after activity, which would subside after rest
(New York Heart Association class II) and was associated with
elevated B-type natriuretic peptide (1,099 pg/mL) and reduced
6MWD (320 m), but a good KCCQ score (81.67). Routine echocar-
diographic parameters suggested that the volume of the left atrium
was twice as large as before TTVR and the thickness of the RV wall
remained 1.3 cm, while interventricular septal diameter (IVSd) and
posterior wall diameter (PWd) were thicker than pre-TTVR, that is,
2.9 and 2.0 cm, respectively (Videos 5 and 06).

Future studies should investigate whether LV muscle thickening
and LA enlargement are related to clinical symptoms. Furthermore,
the mechanism of the continuously increased LV myocardial wall
thickness should be further examined. The diagnosis of AFD should
be raised if there are 2 or more clinical problems from among the
following: acroparesthesia or neuritic pain in hands or feet, persistent
proteinuria of unknown cause, progressive renal impairment of
obscure cause, unexplained HCM, or the presence of angiokerato-
mas. Galactosidase A activity assays should be checked for AFD
screening after clinical suspicion is raised. Our patient had many char-
acteristic features of AFD including progressively increased LV and RV
wall thickness, which was initially but incorrectly presumed to be due
to aging and renal dysfunction. The diagnostic criteria for AFD are
based on guidelines recommended by the National Association of
Genetic Counselors and the consensus of Chinese experts on the
diagnosis and treatment of AFD and requires one of the following:
(1) abnormal X chromosome GLA gene detection; (2) decreased
blood a-galactosidase A enzyme activity; (3) increased plasma Lyso-
GL-3 content; or (4) pathological examination of kidney, skin,
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myocardium, and nerve tissue showing corresponding vacuolar
changes in histiocytes under a light microscope and a cytoplasm
that is full of osmium-loving “myeloid bodies” under an electron mi-
croscope. In the present case, DNA analysis as the gold standard
was performed and confirmed the diagnosis of AFD 1 year after
TTVR. The results revealed a heterozygote a-galactosidase mutation
at chrX: 100653895 [c.679 C>T(p.R227X)1 (Figure 5). The detec-
tion result of deacetyl GL-3 (Lyso-GL-3) was 87.73 ng/mL (reference
value < 1.11 ng/mL).

After the diagnosis, the patient’s history and physical findings
were meticulously reviewed. Since the age of 13, the patient had suf-
fered stabbing pain in the palms and soles (acroparesthesia) during
the period of heavy stress associated with school requirements or
they would come down with a fever, hypohidrosis, intolerance to
heat and cold, and intermittent seizures. Their symptoms improved
with age without any specific therapy. Due to unknown reasons, pro-
teinuria and renal impairment began to appear at middle-young age,
which was treated conservatively and eventually required renal
transplantation in 2009. At the age of 39, the patient was implanted
with a permanent pacemaker for sinus bradycardia and recurrent
cardiogenic syncope. Nine years later, they were diagnosed with
mitral valve prolapse as well as asymmetric nonobstructive HCM
and underwent mechanical MVR and tricuspid valvuloplasty. We re-
viewed in detail the changes that occurred within | year of echocar-
diography, that is, from October 2020 to November 2021.
Compared to pre-TTVR, the size of the left atrium significantly
increased at 1 year after TTVR (LAVi, 162.8 vs 69.2 mL/m?), as
well as LV wall thickness (IVSd, 2.9 vs 2.3 cm; PWd, 2.0 vs
1.7 cm, respectively). Although LVEF (70% vs 67%) and RV frac-
tional area change (63% vs 55%) remained normal and stable,
comprehensive, multichamber two-dimensional speckle-tracking
echocardiography (STE) showed the following: LA reservoir func-
tion (peak positive strain) of 8% (vs 6%); LA conduit function (early
diastolic strain) of —8% (vs —7%); RA reservoir function (peak posi-
tive strain) of 5% (vs 8%); RA conduit function (early diastolic strain)
of —8% (vs =7%); RV global longitudinal strain (LS) of —8.8% (vs
—8.8%), RV free-wall strain of —11.8% (vs —12.9%), LV global LS
of =9.4% (vs —8.9%), and circumferential strain (CS) of —12.1%
(vs —14.5%; Figure 6). The strains of all the chambers were lower
than normal reference values both before and after TTVR (LV LS,
—20%; RV LS, —21%; RV free-wall strain, —20%; LA strain, 32%;
RV strain, 60%, respectively). Also, there was no obvious strain
improvement after TTVR and continuously enhanced oral diuretic
therapy (antisterone 10 mg twice a day and furosemide 10 mg twice
a day) during the follow-up period. Meanwhile, tissue Doppler
recording of the RV free wall at the tricuspid annular level showed
abnormal systolic annular velocity (Figure 1C, white arrow: RV
peak systolic velocity of the tricuspid annulus = 8 cm/sec), which
was slightly lower than the normal reference 9.5 cm/sec).
Nevertheless, 6MWD and KCCQ scores improved compared with
before TTVR (326 vs 308 m; 81.67 vs 58.33, respectively), espe-
cially the latter one (Figure 7). The patient started to take ERT in
January 2022: 3-Galrch (FABRAZYME) 45 mg four times a day by
venous channel as the routine method to cure AFD. Six months later
(July 2022), due to the impact of the COVID epidemic, the patient
was treated and followed up locally. After ERT, the patient’s fatigue,
asthma, functional capacity, lower extremity edema, and shortness
of breath improved. The detection results of deacetyl GL-3 (Lyso-
GL-3; 4799 vs 87.63 ng/mL), creatinine (143 vs 159 umol/L),
glomerular filtration rate (45.9 vs 27.9 mL/min), and trioxypurine
(613 umol/L vs 724 umol/L) each demonstrated progressively
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Figure 1 (A) Parasternal long-axis view shows severe LV hypertrophy (white arrow points to the interventricular septum measuring
2.3 cm; red arrow points to the inferolateral wall measuring 2.0 cm). (B) Right ventricular focused view shows RV hypertrophy (white
arrow points to the RV free wall measuring 1.3 cm). (C) Tissue Doppler of the free wall at the tricuspid annular level demonstrates
abnormal annular velocity: RV peak systolic velocity of the tricuspid annulus (white arrow) = 8 cm/sec. (D) Severe TR showing a
VC (white line) = 0.8 cm.
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Figure 2 (A) A 12-lead electrocardiogram showed atrial fibrillation with a paced rhythm with a heart rate of 60 bpm. (B) Chest radi-
ography revealed MVR, cardiomegaly, and a dual-chamber pacemaker implantation.

improved values. Comparison TEE demonstrated the following find- conclusion, ERT treatment had an important role in improving the
ings: LVEF, 62% vs 67%; LAVi, 78.5 vs 162.8 mL/m?; IVSd, 2.5 vs prognosis of this patient with respect to clinical symptoms and car-
2.9 cm; PWd, 2.0 vs 2.0 cm; and LV global LS, —7.4% vs 9.4%. In diac and renal functions.
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Figure 3 LuX-Valve is a radial force-independent orthotopic TTVR device for severe TR. (A) The LuX-Valve consists of an interven-
tricular septal anchor (a), 2 graspers (b), and a valve disk (c). (B and C) General view of the delivery catheter. (D) Three-dimensional
TEE TTVR en face view shows the device was deployed in targeted position. (E) Right ventricular angiography showed TR significantly
improved from baseline (left panel) compared with after TTVR (right panel). Panels A-C are reprinted from Lu et al® with permission of
Elsevier; panels D-E are reprinted from Lu et al* with permission from BMJ Publishing Group Ltd.

DISCUSSION

Most patients with AFD have cardiac manifestations; however, symp-
toms of the cardiovascular system manifest much later than Gb3 accu-
mulation, which remains one of the most important causes of
morbidity and mortality in affected patients. The cardiac symptoms
include increased LV wall thickness, binary sign, prominent papillary
muscles, RV and functional impairment, atrial enlargement, and
reduced compliance. Valvular heart disease includes leaflet thickening
and redundancy and even prolapse, aortic dilatation, and conduction
disturbances.’ Increased LV wall thickness is the hallmark character-
istic of AFD. In cohorts of patients initially diagnosed with HCM,
3.9% to 12% are eventually found to have AFD,° so differential diag-
nosis for patients with HCM or unexplained features of hypertrophy
on echocardiography should include AFD, particularly with various
late-onset diseases.

Echocardiography is an effective noninvasive method for assessing
the structural and functional consequences of AFD on the heart. Two-
dimensional STE offers additional advantages and can assess regional
function in all myocardial segments. Patients with AFD have signifi-
cantly lower magnitudes of global LS and CS compared to healthy
control groups.” Anderson Fabry disease with left ventricular hyper-
trophy (LVH) demonstrates significantly lower absolute values of
global LS compared to those without LVH but display similar global
CS and a similar loss of their normal base-to-apex CS gradient. In
the present case, the LV LS and CS results had much lower absolute
values than healthy control groups, which is consistent with the results
of the previous study. In contrast, patients with nonobstructive HCM
have significantly higher global CS and maintain a normal base-to-
apex CS gradient compared with patients with AFD.® Myocardial

fibrosis, which can be detected by cardiovascular magnetic resonance
imaging, finally ensues, causing progressive deterioration in longitudi-
nal and radial function.” In the present case, the right ventricle was also
involved, suggesting that the patient had a great extent of myocardial
fibrosis, although this was established without the use of cardiovascu-
lar magnetic resonance imaging.

Histologic studies showed glycolipid deposition in atrial cells, which
may cause atrial enlargement and predisposition to atrial arrhyth-
mias.” In addition, in some cohort studies, the mean LA size on echo-
cardiography was greater in patients with AFD than in age-matched
control groups, with the prevalence reaching up to 30%.'"°
Increased LAV occurs more frequently in patients with increased LV
mass and myocardial fibrosis.!" Another study showed that reduced
LA reservoir, conduit, and contractile functions were characterized
by a decrease in peak positive, early diastolic, and late diastolic strain
and strain rates by STE.'” Our case showed an underlying atrial myop-
athy related to glycolipid deposition in the atria that may occur inde-
pendently of LVH and the diastolic dysfunction.

The conduction abnormalities could be seen in AFD patients, such
as sinus node dysfunction, atrioventricular (AV) block, and bundle
branch block. In addition, myocardial fibrosis can extensively impair
biventricular and atrial function and hence lead to atrial fibrillation."
Our patient had a dual-chamber pacemaker because of sinus node
dysfunction or AV block. Although the initial rhythm was sinus, the pa-
tient demonstrated persistent recordings of atrial fibrillation and high-
degree AV block with 100% ventricular pacing.

Although current AFD specific treatment includes ERT and migala-
stat, there are new therapeutic approaches that are in development.
Enzyme replacement therapy is effective when AFD is diagnosed
early and the amount of myocardial fibrosis is still low.” Several other
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Figure 4 LuX-Valve Implantation. (A) Midesophageal biplane views showing severe TR (white line: VC = 0.8 cm). (B) Midesophageal
biplane view and three-dimensional en face view shows the system implantation (green arrow: interatrial septum; white arrow: pace-
maker electrode; yellow arrow: catheter sheath, red circle: the edge of atrial disk). Pacemaker electrode was located at the junction of
the posterior valve and septal valve, under the edge of the atrial disk, and had no effect on pacemaker function. (C) Pulsed-wave
Doppler showed the postoperative tricuspid transvalvular mean gradient was 1.43 mm Hg. (D) The transthoracic RV focused view
of the percutaneous tricuspid valve was seen without paravalvular leakage visualized.

factors impact the cardiac response to ERT, including sex, phenotype,
timing and dosage of ERT, and antidrug antibody development
against exogenous «-galactosidase A. Moreover, chaperone therapy
was proved by clinical trials, and open-label extension studies showed
that the treatment with migalastat was associated with a significant

decrease in the LV mass index. Nevertheless, recent real-world data
suggested that biochemical and clinical responses to chaperone ther-
apy must be carefully monitored to confirm its clinical effificacy.'*
The patient in our case had undiagnosed AFD for a long time, whose
clinical manifestations related to myocardial reverse remodeling and



44 Zhou et al

CASE: Cardiovascular Imaging Case Reports
January 2023

chrX:100653895 [¢.679C>T(p.R227X)]

Figure 5 Automated sequencing profile of genomic DNA revealed a heterozygote a-galactosidase A mutation at chrX:100653895.

LS: -9.4%

CS: -12.1%

GS: -8.8%
FWS: -11.8%
TAPSE: 0.8cm

Figure 6 Biventricular involvement prior to ERT. (A) Left ventricular global LS, (B) CS, and (C) RV global GS and free wall strain (FWS)
and tricuspid annular plane systolic excursion (TAPSE) demonstrated abnormal strain imaging.

cardiac as well as renal functions notably improved after only half a
year of ERT.

Histopathologic studies demonstrated valvular glycolipid depo-
sition in patients with AFD causing leaflet thickening and redun-
dancy. Other case reports described patients with aortic, mitral,
and even TR who needed valve surgery for their symptoms.”!”
In our case, the severe TR was related to 3 possible mixed as-
pects: (1) right atrium enlargement due to the long history of
atrial fibrillation caused by myocardial fibrosis due to AFD, (2)

long-term interaction between endocardial lead and leaflet or
chordal structure leading to loss of leaflet mobility or coaptation,
and (3) TR secondary to pulmonary hypertension that resulted
from a long history of left-sided heart valve replacement. Three
years ago, we developed a radial force-independent TTVR device
that was successfully implanted in patients with severe TR.> It
was found that TTVR was feasible, safe, and with low complica-
tion rates in patients with severe TR* who were at high risk for
traditional cardiac surgery. The patient in our case had severe TR
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Figure 7 A graph showing the change in 6BMWD (A) and KCCQ score (B) over 1 year. A brief decline was seen 1 month after TTVR,

followed by an improvement thereafter.

due to AFD with significantly decreased cardiac function and
high risk for a second thoracotomy. After TTVR, the KCCQ
score and 6MWD demonstrated gradual improvement in exer-
cise capacity and quality of life and may be better after addi-
tional ERT.

CONCLUSION

The lessons from this case are that the constellation of unexplained
progressive LV wall thickness or LV hypertrophy, valvular abnormal-
ities, and multiorgan involvement should trigger the differential diag-
nosis of AFD. Besides that, using two-dimensional STE, the LV LS and
LV CS in AFD were significantly lower than in healthy control groups.
These findings suggest that STE should be performed when AFD is be-
ing considered. This case also demonstrated that treatment of severe
TR with a novel interventional device (LuX-Valve) was feasible.
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