[EEN

10

11

12

13

14

15

16

17

18

19

20

Significant tricuspid regurgitation in patients with arrhythmogenic right ventricular

cardiomyopathy

Jakrin Kewcharoen*, MD?, Babikir Kheiri*, MD, MSc!; Liviu Klein, MD, MS*; Ahmed Kheiri,

BS, MSc, PhD?; Melvin Scheinman, MD, FHRS*
! Department of Cardiology, University of California-San Francisco, San Francisco, USA
2 Department of Management Science, Lancaster, UK

*Co-first author. Drs Kewcharoen and Kheiri contributed equally to the writing of this

manuscript

Total word count: 1,013
Conflict of interest: none
Correspondence:

Melvin Scheinman, MD, FHRS

Section of Cardiac Electrophysiology
Division of Cardiology

University of California, San Francisco

500 Parnassus Avenue, MUE-434, Box 1354
San Francisco, CA 94143

Tel: 503-494-7646

Fax: 503-494-8550

E-mail: melvin.scheinman@ucsf.edu



21 Keywords: Tricuspid regurgitation, Arrhythmogenic right ventricular cardiomyopathy,
22 Ventricular tachycardia, Heart transplant



23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a heritable disorder
characterized by fibrofatty replacement of the myocardium. W These changes can ultimately lead
to remodeling of the right ventricle (RV) and tricuspid annular dilatation resulting in a significant
secondary tricuspid regurgitation (TR) which could further worsen the RV function in a vicious
cycle.?) Prior studies showed that TR is an independent predictor of disease progression in
ARVC patients.(3) In this study, we hypothesized that decongestive therapy for significant TR
(medical and/or surgical intervention) may prevent or slow progression of TR and improve

symptoms.

This is a retrospective review of a prospectively enrolled registry of a single-center study
conducted at the University of California, San Francisco (UCSF) . All patients were diagnosed
with definite ARVC per the 2010 Revised Task Force Criteria at our institution and
prospectively enrolled into the UCSF-ARVC registry. All gave informed written consent as
approved by the institutional review board. Patients were followed periodically with clinic visits
as clinically indicated includes serial electrocardiograms, transthoracic echocardiograms (TTE),
and defibrillator device interrogations. Patients enrolled in the registry with symptomatic
significant TR, defined as moderate or severe TR per standard definition and current guidelines®
with at least New York Heart Association symptom (NYHA) class Il, were retrospectively

included in the study.

Per standard care at our institution, symptomatic patients with significant TR were
offered decongestive therapy which included preload reduction/diuretics (eg. isosorbide dinitrate,
loop diuretics) and afterload reduction (eg. mineralocorticoid receptor antagonist,
hydrochlorothiazide, renin-angiotensin-aldosterone system blocker). Patients with NYHA class

I11 or higher and persistent significant TR despite medical treatment were referred for
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considerations of tricuspid valve intervention and/or heart transplantation evaluation when
deemed appropriate. All patients had an index TTE showing significant TR and had follow-up
TTE as clinically indicated. Initial decongestive therapy (mean daily doses or equivalent) of the
included patients were, titrated as tolerated, isosorbide mononitrate (30 mg), furosemide (82 mg),
spironolactone (50 mg), sacubitril/valsartan (42.25/45.25 mg), hydrochlorothiazide (25 mg).
Other cardiac medications included metoprolol (65 mg) and sotalol (176 mg). The follow-up
duration was defined by the date of first echocardiogram that made the diagnosis of significant
TR and the latest echocardiogram report. During follow-up, patients were classified as 1)
responders; defined by symptoms improvement or stabilization by maintaining on the same or
minimally-adjusted medical therapy, or 2) non-responders; defined as worsening symptoms,
need for escalation of medical therapy, need for intervention (intervention for tricuspid valve or

advanced heart failure therapy), or death.

The UCSF-ARVC registry comprised 49 patients with definite ARVC, 10 of whom had
symptomatic significant TR. The mean age was 54.7 £ 9.7 years, 5 (50%) were female, and 4
(40%) had pathogenic PKP2 mutation. All had preserved left ventricular ejection fraction
(LVEF) (mean 60+9%) and at least moderate RV dysfunction and dilatation. All had history of
ventricular arrhythmias and underwent defibrillator implantation. Atrial fibrillation was
presented in 4 (40%) patients. One patient had a defibrillator lead entrapped in the tricuspid
valve and likely contributing to the significant TR. No evidence of lead entrapment of lead
restricting tricuspid valve movement in other 9 patients. During a follow-up period of 3.1 £+ 2.3
years (from the index TTE showing significant TR to the last available TTE or outcomes), 4
(40%) patients were responders, and 6 (60%) patients were non-responders. Among the non-

responders, 2 patients died, and 4 patients underwent heart transplant, including 1 patient who
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did not have symptoms improvement following surgical tricuspid valve repair (Figure). The
symptoms and clinical of the patient with lead entrapment stabilized with medical therapy and
the patient did not undergo lead extraction. Follow-up echocardiogram was available in 9
patients (1 died before repeat echocardiogram). The responders (n=4) all had improvement in TR
severity and had significantly more pronounced increase in tricuspid annular plane systolic
excursion (TAPSE) (0.59 cm vs 0.06 cm, p = 0.035) and trend toward more reduction in RV
basal diameter (-0.6 cm vs +0.7 cm, p = 0.068) than the non-responders (n=5) on follow-up
echocardiogram. There were no differences in changes in RV S’ velocity (1.8 cm/s vs 1.1 cm/s, p
= 0.86) or any of the changes in LV dimensions (including LVEF, end systolic volume and

diameter, end diastolic volume and diameter) between the two groups.

To the best of our knowledge, this is the first study in humans that describes the effects of
decongestive therapy, involving primary therapy to decrease preload and if necessary, included
afterload reduction (sacubitril/valsartan)®, aimed to reverse TR severity in patients with definite
ARVC. We found that medical therapy for decongestion in significant TR can improve or
stabilize symptoms, TR severity, and heart failure status. Those who did not respond to medical
therapy, despite having normal left ventricle, had worse outcomes, including need for tricuspid
valve intervention, heart transplantation, and death. Improvement of TAPSE and RV basal
diameter are associated with better outcome in this population. While this could be due to
inadequate statistical power, the significant improvement in TAPSE among responders, rather
than S’ velocity, underscores the functional recovery of the RV and that longitudinal systolic

function may be more sensitive to therapy than tissue Doppler velocities in this cohort

Prior studies showed that significant TR is an independent predictor of disease

progression in ARVC patient.>* The significant TR can directly contribute to worse outcome (eg,
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right heart failure, venous congestion, arrhythmias), or may simply be a marker of severe and
advanced stage of disease, or both. Surgical correction or catheter-based intervention for
significant TR has been explored, with some studies suggesting potential improvements in heart
failure symptoms.(s) However, the role of medical therapy in managing TR specifically in ARVC

patients has not been well-established.

Overall, our findings provide preliminary evidence that the decongestive therapy can
stabilize or improve functional status in patients with ARVC with severe TR. Moreover, failure
to respond to medical therapy was associated with death or need for heart transplant. Our study is
limited by small sample size from single center, lack of control group and retrospective nature of
the study, and lack of magnetic resonance imaging data. Further large-scale prospective studies

are needed to validate this finding.
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Figure legend

Figure: Central illustration. Patients with ARVC with New York Heart Association symptoms
class Il or higher with significant TR underwent decongestive therapy. Four (40%) patients were
responders, and 6 (60%) patients were non-responders. There were no differences in baseline
echocardiogram parameters between responders and non-responders. At follow-up transthoracic
echocardiogram, the responders (n=4) all had improvement in TR severity and had significantly
more pronounced increase in TAPSE (0.59 ¢cm vs 0.06 cm, p = 0.035) and trend toward more
reduction in RV basal diameter (-0.6 cm vs +0.7 cm, p = 0.068) than the non-responders (n=5).
ARVC: Arrhythmogenic right ventricular dysplasia, ICD: Implantable cardioverter defibrillator,
LVEF: Left ventricular ejection fraction, MD: Mean difference, RV: Right ventricle, TAPSE:

Tricuspid annular plane systolic excursion, VT: Ventricular tachycardia



116

117
118
119
120
121
122
123
124
125
126
127
128
129
130

131

References

Corrado D, Link MS, Calkins H. Arrhythmogenic Right Ventricular Cardiomyopathy. N Engl J Med
2017;376:1489-90.

Otto CM, Nishimura RA, Bonow RO et al. 2020 ACC/AHA Guideline for the Management of
Patients With Valvular Heart Disease: Executive Summary: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines.
Circulation 2021;143:e35-e71.

Kalantarian S, Vittinghoff E, Klein L, Scheinman MM. Effect of preload reducing therapy on right
ventricular size and function in patients with arrhythmogenic right ventricular cardiomyopathy.
Heart Rhythm 2021;18:1186-1191.

Fusco F, Scognamiglio G, Merola A et al. Safety and Efficacy of Sacubitril/Valsartan in Patients
With a Failing Systemic Right Ventricle: A Prospective Single-Center Study. Circ Heart Fail
2023;16:e009848.

Katritsis G, Shah AS, James CA et al. Surgical Correction of Tricuspid Regurgitation in Patients
with ARVD/C. HeartRhythm Case Rep 2015;1:326-330.



