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Influence of Atrial Fibrillation on Functional
Tricuspid Regurgitation in Patients With
HeartMate 3

Hideyuki Hayashi "/, MD; Yoshifumi Naka, MD, PhD; Joseph Sanchez, MD; Hiroo Takayama, MD, PhD; Paul
Kurlansky “=, MD; Yuming Ning, PhD; Veli K. Topkara, MD, MSc; Melana Yuzefpolskaya, MD; Paolo C.
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BACKGROUND: Functional tricuspid regurgitation (TR) can occur secondary to atrial fibrillation (AF). The impact of AF on func-
tional TR and cardiovascular events is uncertain in patients with left ventricular assist devices. This study aimed to investigate
the effect of AF on functional TR and cardiovascular events in patients with a HeartMate 3 left ventricular assist device.

METHODS AND RESULTS: We retrospectively reviewed 133 patients who underwent HeartMate 3 implantation at our center
between November 2014 and November 2018. We excluded patients who had undergone previous or concomitant tricuspid
valve procedures and those whose echocardiographic images were of insufficient quality. The primary end point was death
and the presence of a cardiovascular event at 1 year. We defined cardiovascular event as a composite of death, stroke, and
hospital readmission due to recurrent heart failure and significant residual TR as vena contracta width >3 mm. In total, 110
patients were included in this analysis. Patients were divided into 3 groups: no AF (n=51), paroxysmal AF (n=40), and persistent
AF (PeAF) (n=19). Kaplan-Meier analysis showed that patients with PeAF had the worst survival (no AF 98%, paroxysmal AF
98%, PeAF 84%, log-rank P=0.038) and event-free rate (no AF 93%, paroxysmal AF 89%, PeAF 72%, log-rank P=0.048) at
1 year. Thirty-one (28%) patients had residual TR 1 month after left ventricular assist device implantation. Patients with residual
TR had a significantly poor prognosis compared with those without residual TR (log-rank P=0.014).

CONCLUSIONS: PeAF was associated with increased mortality, cardiovascular events, and residual TR compared with no AF
and paroxysmal AF.
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used widely for patients with refractory heart failure

(HF) as a bridge to transplantation and as a destina-
tion therapy."? Advances in LVAD technology have led to
improvement in its efficacy and patient outcomes, and the
MOMENTUM 3 (Multicenter Study of MaglLev Technology
in Patients Undergoing Mechanical Circulatory Support
Therapy With HeartMate 3) randomized clinical trial
demonstrated superiority of the HeartMate 3 (HM3) de-
vice to the HeartMate Il device in terms of survival without
a disabling stroke or reoperation to remove or replace a

Treatment with a left ventricular assist device (LVAD) is

malfunctioning pump.?® However, right HF has remained
an important cause of death after LVAD implantation.
The severity of tricuspid regurgitation (TR) before LVAD
implantation is one of the risk factors for right HF.4®
Moderate or more functional TR is common in patients
with end-stage HF and is independently associated with
worse survival. Functional TR occurs because of annulus
enlargement and leaflet tethering secondary to right ven-
tricular (RV) overload, pulmonary hypertension, and left
ventricular (LV) dysfunction.®” In addition, functional TR
can occur because of right atrial (RA) enlargement and
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CLINICAL PERSPECTIVE

What Is New?

e Persistent atrial fibrillation (AF) was associated
with increased mortality, cardiovascular events,
and residual tricuspid regurgitation (TR) com-
pared with no AF and paroxysmal AF in patients
with HeartMate 3 (HM3).

e Patients with persistent AF had the largest right
atrium and tricuspid valve annulus diameter and
the highest prevalence of significant residual TR
after HM3 implantation.

e Significant residual TR after HM3 implantation
was associated with cardiovascular events.

What Are the Clinical Implications?

e More intensive therapy may be required for pa-
tients with HM3 and persistent AF. Close follow-
up should be performed in patients with HM3
and residual TR.

e Larger, prospective multicenter studies are re-
quired to determine the optimal intervention in
patients with AF as well as to investigate the
benefit of concomitant tricuspid valve proce-
dures for patients with persistent AF and TR.

Nonstandard Abbreviations and Acronyms

HM3 HeartMate 3

INTERMACS Interagency Registry for
Mechanically Assisted Circulatory
Support

PAF paroxysmal AF

PeAF persistent AF

RA right atrial/atrium

TR tricuspid regurgitation

TTE transthoracic echocardiogram

TV tricuspid valve

vC vena contracta

tricuspid annular dilatation caused by AR AF is com-
mon in patients with end-stage HF.%'® However, the im-
pact of AF on the functional TR of patients with LVADs is
uncertain. Therefore, this study aimed to investigate the
effect of AF on TR and cardiovascular events in patients
with HM3 implantation.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request.
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Patients and Data Collection
We retrospectively reviewed 261 consecutive pa-
tients who underwent durable LVAD implantation
at Columbia University Medical Center between
November 2014 and November 2018. Because the
prognostic outcome and change of TR and tricuspid
valve (TV) geometry after LVAD implantation can differ
between device types,?*'" we included only patients
who received the HM3 (Abbott Inc., Chicago, IL).
Patients were included when they had a preoperative
(<2 months before LVAD implantation) transthoracic
echocardiogram (TTE) with interpretable imaging of
the TV. We excluded patients with a history of TV
procedures and those who underwent concomitant
TV surgery. Concomitant TV surgery was performed
at the surgeon’s discretion based on the severity of
TR, regardless of AF type. Clinical, laboratory, and
hemodynamic data were collected from a review of
our electronic medical records.

The Institutional Review Board of Columbia
University Medical Center approved this retrospective
study with a waiver of informed consent.

AF and Outcome

The AF diagnosis was based on clinical history, elec-
trocardiographic data, and device interrogation. AF
type was classified into 2 groups: paroxysmal AF
(PAF) and persistent AF (PeAF). Patients with PAF
were defined as those with a history of self-terminat-
ing AF or AF lasting <7 days at the time of LVAD im-
plantation. Patients with PeAF were defined as those
with AF lasting >7 days at the time of LVAD implan-
tation.'® None of the patients included underwent
a maze procedure. Patients with AF were managed
with medical treatment.

The primary end point was death and the pres-
ence of a cardiovascular event at 1 year. We de-
fined cardiovascular event as a composite of death,
stroke, and hospital readmission due to recurrent HF
after the index hospitalization for LVAD implantation.
If a patient had more than one of these events, the
event that occurred first was noted as the cardiovas-
cular event. Recurrent HF was defined as right HF
according to the INTERMACS (Interagency Registry
for Mechanically Assisted Circulatory Support) defi-
nition, which is based on symptoms or findings of
right HF and elevated central venous pressure. The
specific criteria are (1) direct measurement of cen-
tral venous pressure by right heart catheterization
showing RA pressure >16 mmHg, or a significantly
dilated inferior vena cava with absence of inspiratory
variation on echocardiography or clinical findings of
elevated jugular venous distension at least halfway
up the neck in the upright position; and (2) further
manifestations of elevated central venous pressure
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as characterized by clinical findings of peripheral
edema, presence of ascites or palpable hepatomeg-
aly on physical examination or diagnostic imaging, or
laboratory evidence of impaired hepatic (total biliru-
bin level >2.0 mg/dL) or renal dysfunction (creatinine
level >2.0 mg/dL)."”” The clinical examinations and
diagnoses were performed in all patients by special-
ist HF cardiologists. In the present study, HF events
related to device failure, such as device thrombosis,
inflow or outflow obstruction, and driveline fracture
or infection, were excluded.>'3

TTE Examination

All TTE examinations were performed by a trained,
registered cardiac sonographer before and 1 month
after LVAD implantation, and the echocardiographic
parameters were interpreted by experienced attend-
ing physicians at our institution. Any disagreements
were resolved on consensus reading. We routinely
performed TTE-guided speed optimization at least
2 weeks after LVAD implantation, before hospital dis-
charge. Device speed was optimized according to the
recommendations at TTE." Optimal pump speed was
defined as the highest speed allowing neutral align-
ment of the interventricular septum and intermittent
aortic valve opening without increased mitral regurgi-
tation. If a patient underwent several TTEs during the
study period, only data from the TTE closest to the
LVAD implantation date and from that performed at
1 month after implantation were analyzed.

Functional TR was identified in the absence of an
abnormal TV leaflet.” TR was evaluated quantitatively
using the vena contracta (VC) width, by averaging
the measurements of 2 orthogonal planes (paraster-
nal off-axis view for the RV and apical 4-chamber
view).8® TR severity was graded into 3 groups by VC
width: no—-mild (<8 mm), moderate (3—6.9 mm), and
severe (>7 mm), according to the guidelines of the
American Society of Echocardiography.’® Residual
TR was evaluated 1 month after LVAD implantation.
Significant and residual TR after LVAD implantation
was defined as at least moderate TR with a biplane
VC width of >3 mm. We assessed the effective re-
gurgitant orifice area using the proximal isovelocity
surface area method in patients with significant func-
tional TR. The TV annulus diameter at the time of the
maximum TV diastolic opening and systolic TV tent-
ing height were measured in the apical 4-chamber
view.'67'® The RA volume index was calculated using
single-plane disk summation techniques in a dedi-
cated apical 4-chamber view. The RV end-diastolic
dimensions were measured using modified apical
4-chamber views encompassing the entire RV. The
RV function was evaluated quantitatively using RV
fractional area change and the peak systolic tissue
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velocity of the RV lateral wall measured at the tricus-
pid annulus.’® The LV end-diastolic dimension, LV
end-systolic dimension, LV ejection fraction, left atrial
(LA) dimension, LA volume index, and LV mass index
were measured in accordance with previously pub-
lished guidelines.?® Significant mitral regurgitation
was defined as at least moderate mitral regurgitation
with an average VC width (from 2 orthogonal views)
of >3 mm." All TTE measurements were performed
on at least 3 different beats and averaged.

Statistical Analysis

Results are presented as mean values and SDs for
continuous variables. Categorical variables are pre-
sented as numbers and proportions. Results were
considered significant at a threshold of P<0.05.
The normality of the data was assessed using the
D’Agostino-Pearson test. Student t test (for normally
distributed data) or the Mann-Whitney test (for non-
normally distributed data) was used for the compari-
son of continuous variables. The chi-square test was
used for comparing categorical variables between
more than 2 groups. The 1-way analysis of variance
with post hoc Tukey test or the Kruskal-Wallis test
with post hoc Conover test was used for continuous
variables, as appropriate. Paired t tests and Wilcoxon
tests were used for the comparison of baseline and
follow-up data, as appropriate. The Kaplan-Meier
method was used to estimate mortality and cardi-
ovascular event rates, and groups were compared
using the log-rank test. Statistical analyses were per-
formed with SAS (version 9.4; SAS Institute, Cary,
NC) and MedCalc (version 15.8; MedCalc Software,
Ostend, Belgium).

RESULTS

Patients’ Characteristics

A total of 261 patients underwent durable LVAD im-
plantation during the 4-year study period. The flow
chart of the study population is shown in Figure 1. We
selected 133 patients who underwent HM3 implanta-
tion during the period. Of these patients, 3 patients
with a history of TV procedures and 12 patients who
underwent concomitant TV surgery at the time of
LVAD implantation were excluded. Among the 12 pa-
tients who underwent concomitant TV surgery, there
were no significant difference in the prevalence of each
AF type (no AF versus PAF versus PeAF, 6 [10%)] versus
4 [8%)] versus 2 [8%]; P=0.92). Of the remaining 118
patients, 4 with missing echocardiographic data and 4
whose images were of insufficient quality to assess the
TV were excluded. Therefore, we studied 110 patients
who underwent HM3 implantation and had no history
of a TV procedure.
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Durable LVAD implantation
for 4 years
N=261

Exclusion criteria (N=128)
HeartMate 11, (N=112), HeartWare HVAD, (N=11)
Jarvik 2000, (N=5)

HeartMate 3 implantation
for 4 years
N=133

Exclusion criteria (N=15)
Prior TV procedure (N=3)
Concomitant TV surgery at LVAD implantation (N=12)

HeartMate 3 implantation without
TV procedure for 4 years
N=118

Ab

Missing echocardiographic data (N=8)

of TTE data (N=4)
Insufficient image quality for TV assessment (N=4)

Final cohort
N=110

Figure 1.

Flow diagram of patient selection.

LVAD indicates left ventricular assist device; TTE, transthoracic echocardiogram; and TV,

tricuspid valve.

Patients’ characteristics are presented in Table 1. The
mean cohort age was 6112 years and 18 patients
(16%) were female. The etiology of HF was ischemic
cardiomyopathy in 45 patients (41%). Among all pa-
tients of the cohort, 51 (46%), 40 (36%), and 19 (17%)
patients had no AF, PAF, and PeAF at the time of LVAD
implantation, respectively. There were no significant
differences with respect to age, sex, INTERMACS
profile level, etiology of HF, and treatment strategy
between the groups. The PAF and PeAF groups had
a decreased cardiac index compared with the no AF
group (no AF versus PAF versus PeAF; 2.0+0.5 versus
1.8+0.5 versus 1.7+0.5 L/min per m?; P=0.03).

Changes in Echocardiographic
Parameters

We summarize baseline and follow-up echocardio-
graphic parameters in Table 2 and Table S1. On the
baseline TTE, patients in the PeAF group had the larg-
est TV annulus diameter (P<0.001) and LA size (P=0.01)
whereas there were no significant differences in TV
tenting height, RV end-diastolic dimension, RV frac-
tional area change, and TR severity among the groups.
At the follow-up TTE, patients with PeAF had the larg-
est TV annulus diameter (P<0.001), RA size (P=0.05),
and LA size (P=0.001), and they had the highest preva-
lence of significant residual TR (P=0.03). Thirty-one pa-
tients (28%) had significant residual TR in the present
study. Of these, 11 (22%) patients had no AF, 10 (25%)
had PAF, and 10 (53%) had PeAF (P=0.03). Comparing
baseline and follow-up TTES, there were no significant
changes in RV end-diastolic dimensions (48.9+7.2
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versus 47.7+6.8 mm, P=0.07), RV fractional area change
(27.9+£6.9 versus 27.2+6.2%, P=0.36), RV systolic ex-
cursion velocity (8.2+2.5 versus 8.2+2.2 cm/s, P=0.90),
and RA volume index (41.6+20.4 versus 42.9+18.7 mL/
m?, P=0.69). However, LV and LA sizes decreased and
LV ejection fraction improved significantly in the entire
cohort (Table S1). Increased TV annulus diameter and
exacerbation of TR severity were exhibited in the PeAF
group, but there were no significant changes in the no
AF group (Figures 2 and 3).

Prognostic Outcomes for AF Groups and
Significant Residual TR

In the present study, 5 patients died within 1 year:
1 patient (2%) in the no AF group, 1 (3%) in the PAF
group, and 3 (16%) in the PeAF group. The causes of
death were right HF (3 patients), stroke (1 patient), and
withdrawal of care due to cancer (1 patient) (Table 3).
Twelve patients had cardiovascular events, consisting
of death (3 patients), stroke (2 patients), and hospital
readmission due to recurrent HF (7 patients) within
1 year after HM3 implantation (Table 3). Kaplan-Meier
curve analysis demonstrated 1-year survivals of 98%,
98%, and 84% in the no AF, PAF, and PeAF groups, re-
spectively (log-rank test, P=0.038) (Figure 4). The curve
analysis also showed 1-year event-free rates of 93%,
89%, and 72% in the no AF, PAF, and PeAF groups,
respectively (log-rank P=0.048) (Figure 4). Among the
groups, patients with PeAF had the highest prevalence
of residual TR and the worst mortality and cardiovas-
cular event rates within 1 year. Therefore, we assessed
the cardiovascular events in patients with significant
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Table 1. Patients’ Characteristics
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Paroxysmal Persistent AF Post Hoc
All (n=110) No AF (n=51) AF (n=40) (n=19) P Value Test*
Age, y 61+12 59+14 61+12 64+9 0.32
Female sex (%) 18 (16%) 11 (22%) 5 (13%) 2 (11%) 0.38
White (%) 65 (59%) 28 (55%) 24 (60%) 13 (68%) 0.54
Body surface area, m? 2.0£0.2 2.0+£0.2 2.0+£0.3 21+0.2 0.04 b
Hypertension (%) 71 (65%) 33 (65%) 25 (63%) 13 (68%) 0.91
Diabetes mellitus (%) 39 (35%) 22 (43%) 10 (25%) 7 (37%) 0.20
Hypercholesterolemia (%) 71 (65%) 31 (61%) 27 (68%) 13 (68%) 0.74
Chronic obstructive pulmonary disease (%) 15 (14%) 7 (14%) 6 (15%) 2 (11%) 0.90
Implantable cardioverter defibrillator (%) 91 (83%) 40 (78%) 34 (85%) 17 (89%) 0.49
Ischemic cardiomyopathy 45 (41%) 20 (39%) 16 (40%) 9 (47%) 0.82
Intention to treat 0.53
BTT (%) 24 (22%) 9 (18%) 8 (20%) 7 (37%)
DT (%) 70 (64%) 34 (67%) 26 (65%) 10 (53%)
DT to BTT (%) 16 (15%) 8 (16%) 6 (15%) 2 (11%)
Interagency Registry for Mechanically Assisted 0.26
Circulatory Support profile level
1 (%) 13 (12%) 5 (10%) 5 (13%) 3 (16%)
2 (%) 58 (563%) 26 (51%) 21 (53%) 11 (58%)
3 (%) 34 (31%) 20 (39%) 10 (25%) 4 (21%)
4 (%) 5 (5%) 0 (0%) 4 (10%) 1(5%)
Laboratory parameters
Serum urea nitrogen, mg/dL 27.3+15.3 29.6+15.9 23.1£11.0 30.1+19.8 017
Creatinine, mg/dL 1.5+0.5 1.4+0.4 1.5+0.6 1.7+0.5 0.19
Albumin, g/dL 3.8+0.5 3.7+0.6 3.8+0.5 3.9+0.5 0.33
Total bilirubin, mg/dL 0.9+0.8 0.9+0.6 11£1.0 0.9+0.5 0.52
Hemoglobin, g/dL 11.6£2.2 11.6£2.2 1.7£2.4 1.7+2.2 0.91
Hemodynamic parameters
Mean pulmonary artery pressure, mm Hg 35.4+10.5 34.9+9.9 36.5+11.6 34.3+10.1 0.68
PCWP, mm Hg 23.2+8.9 21.8+7.6 24.8+10.0 23.56+£9.7 0.27
CVP, mm Hg 9.8+5.9 8.9+5.8 10.5+6.1 10.9+5.9 0.33
Cardiac index, L/min per m? 1.9+0.5 2.0£0.5 1.8+0.5 1.7£0.5 0.03 a, b
Pulmonary vascular resistance, wood units 3.6+2.0 3.7+1.7 3.6+2.0 3.5+2.8 0.37
CVP/PCWP, mm Hg 0.43+0.23 0.41+0.25 0.43+0.20 0.50+0.22 0.39
Pulmonary artery pulsatility index 5.1+6.0 6.2+7.4 4.5+5.0 3.4£2.3 0.36

The values are presented as means+SD or number (%). AF indicates atrial fibrillation; BTT, bridge to transplant; CVP, central venous pressure; DT, destination

therapy; and PCWP, pulmonary capillary wedge pressure.

*Post hoc test: significant differences are observed between (a) the no AF and the paroxysmal AF group and (b) the no AF and the persistent AF group.

residual TR. Patients with residual TR at 1 month had a
worse outcome compared with those without residual
TR (log-rank P=0.014), with an event-free rate of 76%
at the 1-year follow-up (Figure 5 and Table S2).

DISCUSSION

We studied the effect of AF on TR, TV geometry, RV
function, and cardiovascular events in patients with
HM3 implantation. The major findings of this study were
as follows: (1) PeAF was associated with increased
mortality and cardiovascular events compared with no
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AF and PAF. (2) LVAD therapy with HM3 implantation
significantly decreased LV and LA size and improved
LV ejection fraction; however, there were no significant
changes in RV and RA size, RV fractional area change,
and RV systolic excursion velocity. (3) Patients with
PeAF had the largest RA and TV annulus diameter and
the highest prevalence of significant residual TR after
1 month of HM3 implantation. (4) Thirty-one patients
had significant residual TR, and they had a worse out-
come compared with those without residual TR.

HF is one of the most important causes of mortal-
ity in patients with AF and its incidence increases with
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Table 2. Baseline and Follow-Up Echocardiographic Parameters

Paroxysmal AF Persistent AF Post Hoc
Echocardiographic Parameters All (n=110) No AF (n=51) (n=40) (n=19) P Value Test*
Baseline
TV annulus diameter, mm 38.4+4.8 36.6+4.1 38.7+5.2 42.5+3.2 <0.001 b, c
TV tenting height, mm 9.7+1.9 9.6+2.1 9.6+1.6 10.3+2.0 0.39
TR grade (vena contracta width) 013
None to mild, <3 mm (%) 71 (65%) 33 (65%) 25 (63%) 13 (68%)
Moderate, 3-6.9 mm (%) 31 (28%) 11 (22%) 14 (35%) 6 (32%)
Severe, >7 mm (%) 8 (7%) 7 (14%) 1 (8%) 0 (0%)
Significant TR (%) 39 (35%) 18 (35%) 15 (38%) 6 (32%) 0.91
Significant TR (EROA), cm? 0.22+0.13 0.26+0.15 0.20+0.12 0.18+0.08 0.27
RVEDD, mm 48.9+7.2 48.4+71 48.6+7.6 51.1+6.4 0.37
RVFAC, % 27.9+6.9 27.7+7.0 28.6+7.3 271+5.8 0.73
RV systolic excursion velocity, cm/s 8.2+2.5 8.3+2.6 8.5+2.5 7.4+2.5 0.27
RA volume index, mL/m? 41.6+20.4 37.9+17.4 42.2+21.6 50.5+23.5 0.10
LVEF, % 14.9+5.0 14.6+9.8 15.3+5.1 14.8+5.0 0.54
LvDd, mm 67.6+£9.5 66.9+9.8 67.3+9.2 69.9+9.4 0.29
LVDs, mm 62.4+9.7 61.9+10.0 61.9+9.6 64.6+£9.3 0.54
Left ventricular mass index, g/m? 134.3+£39.6 136.8+38.5 128.8+42.9 139.3+£35.7 0.26
LA dimension, mm 48.1+7.9 46.1£7.5 49.0+7.5 51.9+8.3 0.01 b
LA volume index, mL/m? 49.7+18.9 45.6+15.2 49.2+18.4 61.7+24.2 0.01 b, c
Significant MR (%) 69 (63%) 37 (73%) 25 (63%) 7 (37%) 0.02 b
Follow-up
TV annulus diameter, mm 39.1+4.9 36.5+4.0 40.1+4.6 44,2427 <0.001 a, b, c
TV tenting height, mm 8.8+2.0 8.4x2.1 8.9+1.3 9.4+2.6 0.14
TR grade (vena contracta width) 0.01 b, c
None to mild, <3 mm (%) 79 (72%) 40 (78%) 30 (75%) 9 (47%)
Moderate, 3-6.9 mm (%) 19 (17%) 6 (12%) 9 (23%) 4 (21%)
Severe, >7 mm (%) 12 (11%) 5 (10%) 1(3%) 6 (32%)
Significant TR (%) 31 (28%) 11 (22%) 10 (25%) 10 (53%) 0.03 b, c
Significant TR (EROA), cm? 0.28+0.13 0.29+0.14 0.24+0.10 0.30+0.16 0.57
RVEDD, mm 47.7+6.8 46.8+6.6 48.4+6.0 48.4+8.6 0.49
RVFAC, % 27.2+6.2 27.6+6.0 26.9+6.4 26.7£6.5 0.81
RV systolic excursion velocity, cm/s 8.2+2.2 8.2+2.2 8.3£2.2 8.4+1.9 0.82
RA volume index, mL/m? 42.9+18.7 38.7+15.6 44.2:17.7 51.7+25.0 0.05 b
LVEF, % 19.8+8.0 19.9+7.9 19.0+7.1 21.4+10.2 0.70
LvDd, mm 53.8+10.4 54.0+£9.0 51.9+10.5 57.2+12.8 0.20
LVDs, mm 48.1+11.5 47.8+10.6 46.4+11.2 52.3+13.9 0.20
LA dimension, mm 42.5+6.4 40.8+6.2 42.6+5.7 47.2+6.6 0.001 b, c
Significant MR (%) 4 (4%) 0 (0%) 2 (5%) 2 (11%) 0.09
Pump speed, rom 5459+291 5431+275 5464+329 55244245 0.39
Follow-up transthoracic 28.8+6.2 29.2+5.7 27.8+6.5 30.1+7.0 0.38
echocardiogram timing, d

The values are presented as means+SD or number (%). AF indicates atrial fibrillation; EROA, effective regurgitant orifice area; LA, left atrial; LVEF, left
ventricular ejection fraction; LVDd, left ventricular diastolic dimension; LVDs, left ventricular systolic dimension; MR, mitral regurgitation; RA, right atrial; RV, right
ventricular; RVEDD, right ventricular end diastolic dimension; RVFAC, right ventricular fractional area change; TR, tricuspid regurgitation; and TV, tricuspid valve.

*Post hoc test: significant differences are observed between (a) the no AF and the paroxysmal AF group, (b) the no AF and the persistent AF group, and (c)
the paroxysmal AF and the persistent AF group.

age.® The impact of AF on the clinical outcomes of pa- there is no previous study that assessed the impact
tients with LVAD is unclear; however, AF is common of AF on clinical outcomes in patients with HM3. In
in patients with advanced HF.2192" To our knowledge,  the present study, patients with PeAF had the worst
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Figure 2. Change in TV annulus diameter.

AF indicates atrial fibrillation; and TV, tricuspid valve.

mortality and cardiovascular event rates compared
with those with no AF and PAF. This result is consistent
with that of a previous study, in which PeAF was asso-
ciated with increased mortality and HF hospitalization
in patients with HeartMate 11" PeAF may be a marker
for sicker patients who would have worse outcomes
after HM3 implantation. However, in the present study,
there were no significant differences in age, sex,
INTERMACS profile, the etiology of HF, treatment strat-
egy, serum creatinine level, and RV function assessed
by right heart catheterization and TTE between the
groups. The MOMENTUM 3 randomized clinical trial
demonstrated the superiority of the HM3 device to the
HeartMate Il device in disabling stroke.?® Stroke events
occurred less frequently compared with readmissions
due to recurrent HF in the present study. Therefore,
a key element is to improve the management of HF
patients requiring LVAD implantation. Patients with AF

had a decreased cardiac index among the groups. It
is established that AF causes a loss of “atrial kick” and
a reduction in LV diastolic filling, resulting in a decline
in the cardiac index.?? The AF and RV dysfunction pre-
dispose patients to one another and increase the risk
of morbidity and mortality.?® In addition, patients with
PeAF had a higher prevalence of significant residual
TR at 1 month after HM3 implantation. The TR initiates
a vicious cycle of further RV dysfunction and dilata-
tion, and consequently, worsening of TR.'"?* Abe et al
demonstrated that the coexistence of PeAF and sig-
nificant TR was associated with a poor prognosis.?
Regarding the potential mechanisms underlying these
observations, the coexistence of AF and residual TR
after HM3 implantation may lead to more adverse car-
diovascular events, such as right HF and death.
Functional TR occurs mainly from tricuspid an-
nular dilation and RV enlargement, which are mainly

‘ No AF ‘ ‘Paroxysmal AF Persistent AF
N=51 N=40 N=19
P=0.29 P=0.46 P=0.03]
100%
£ 800
2 80% B Severe
I
E_“ I Moderate
S 60% .
& I No to mild
2]
§ 40%
S N (%)
A
20%
0%
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Figure 3. Change in TR grade.

AF indicates atrial fibrillation; and TR, tricuspid regurgitation.

J Am Heart Assoc. 2021;10:e018334. DOI: 10.1161/JAHA.120.018334



Hayashi et al

Atrial Fibrillation in Patients With HM3

Table 3. Causes of Death and Cardiovascular Events Within 1 Year

Paroxysmal AF Persistent AF
All (n=110) No AF (n=51) (n=40) (n=19) P Value

Causes of death

Right HF 3 (3%) 1(2%) 1(3%) 1(5%) 0.75

Stroke 1 (1%) 0 (0%) 0 (0%) 1(5%) 0.09

Withdrawal of care 1(1%) 0 (0%) 0 (0%) 1(5%) 0.09
Cardiovascular events

Readmission due to 7 (6%) 2 (4%) 3 (8%) 2 (11%) 0.56

right HF

Stroke 2 (2%) 0 (0%) 1(3%) 1(5%) 0.09

The values are presented as means+SD or number (%). AF indicates atrial fibrillation; and HF, heart failure.

caused by AF, secondary to left HF diseases.”®
However, no previous study has focused on AF and
TR in patients with LVAD implantation. Therefore,
we assessed the influence of AF on functional
TR. Patients with PeAF had the largest TV annu-
lus diameter among the groups. Previous studies
demonstrated that patients with PeAF had a larger
TV annulus size and RA size compared with those
with left-sided heart disease.'®?% Kukucka et al have
shown that tricuspid annular dilation, even without
severe regurgitation, adversely affects survival after
LVAD implantation.?” Consistent with these studies,
patients with PeAF had the largest TV annulus diam-
eter and the worst prognostic outcome in the pres-
ent study. The HM3 implantation and device speed
augmentation lead to decreased LV size and there is
no evidence of worsening of RV function. However,
higher LVAD speeds in HM3 may affect the RV neg-
atively as evidenced by increased RV volumes and
less favorable RV geometry.'"?® In the entire cohort

of this study, HM3 therapy significantly decreased LV
and LA size and improved LV ejection fraction; how-
ever, there were no significant changes in RV and RA
size and function. Patients with PeAF had increased
TV annulus diameter and exacerbation of TR sever-
ity after HM3 implantation; however, there were no
significant changes in the no AF group despite the
absence of significant differences in device speed.
Therefore, AF may continue to affect TV annulus
diameter even after HM3 implantation, resulting in
a high prevalence of residual TR. In patients with
PeAF, HM3 implantation may likely cause leftward
displacement of the interventricular septum, which
could lead to deterioration of preexisting TV annulus
enlargement.

Our results suggested that more intensive therapy
may be required for patients with PeAF. Patients with
AF may benefit from rhythm control therapy to reduce
the burden of AF. Hemodynamic improvement after
catheter ablation for AF in a patient with LVAD has been
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Figure 4. Kaplan-Meier analysis for mortality (A) and a cardiovascular event (B) according to the AF status.
AF indicates atrial fibrillation; and LVAD, left ventricular assist device.
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Figure 5. Kaplan-Meier analysis for a cardiovascular event by residual TR.
LVAD indicates left ventricular assist device; and TR, tricuspid regurgitation.

reported.?® Andreas et al demonstrated that transcath-
eter edge-to-edge treatment of TR in a patient with
LVAD was an effective strategy to gain time and bridge
the patient to heart transplantation.®® Concomitant TV
surgery and the maze procedure at the time of LVAD
implantation, and even catheter intervention in select
patients, might be indicated in patients with AF and
significant TR. However, there are conflicting data re-
garding the benefit of concomitant TV surgery for pa-
tients with significant TR.53" Further clinical studies to
determine the optimal intervention in patients with AF
are required.

LIMITATIONS

First, this was a retrospective, single-center, ob-
servational study and therefore subject to selection
bias and confounding because the data are lim-
ited to the information documented in the patients’
charts. Furthermore, the sample size was small, es-
pecially in the highest risk group; 19 patients with
PeAF. Thus, our findings should be considered only
exploratory and hypothesis-generating. Second, TR
grade was defined using one quantitative method,
VC width. Therefore, we evaluated the effective re-
gurgitant orifice area using the proximal isovelocity
surface area method in patients with significant TR.
Third, the measurements of RV size and TV geom-
etry are technically difficult to determine accurately
with 2-dimensional echocardiography because of its
anatomic complexity. Three-dimensional echocar-
diography currently offers an accurate assessment
of the size and shape of the RV and TV deforma-
tion. However, high feasibility and reproducibility of
TV annulus diameter measurement using 2-dimen-
sional echocardiography in apical 4-chamber view
have been reported despite being systematically

J Am Heart Assoc. 2021;10:e018334. DOI: 10.1161/JAHA.120.018334

smaller when compared with that obtained via 3-di-
mensional echocardiography.'® Lastly, the concomi-
tant TV procedure may have had an impact on the
prognostic outcome. The decision to perform a TV
procedure was made on the basis of TR severity.
However, even among all HM3 patients (n=133),
those with PeAF had the worst mortality and car-
diovascular event rates (log-rank P=0.009 and
P=0.008, Figure S1). Future prospective studies with
larger cohorts will be needed to overcome the limita-
tions of this study.

CONCLUSIONS

PeAF was associated with increased mortality, car-
diovascular events, and residual TR compared with
no AF and PAF. Significant residual TR after HM3
implantation was associated with cardiovascular
events.

ARTICLE INFORMATION

Received July 2, 2020; accepted December 1, 2020.

Affiliations

From the Division of Cardiothoracic Surgery, Department of Surgery (H.H.,
Y.N., J.S., HT, PK, KT.,), Department of Surgery, Center for Innovation
and Outcomes Research (Y.N.) and Division of Cardiology, Department of
Medicine, Columbia University Medical Center, New York, NY (V.K.T.,, M.Y.,
P.C.C.,GT.S., N.U).

Sources of Funding
None.

Disclosures

Naka serves as a consultant for Abbott. Colombo is a recipient of a research
grant from Abbott. He also serves as a consultant (with no honoraria) to
the same company. Sayer serves as a consultant for Abbott and Medtronic.
Uriel is a recipient of a research grant from Abbott and Medtronic. He also
serves as a consultant to these companies. The remaining authors have no
disclosures to report.



Hayashi et al

Supplementary Material
Tables S1-S2
Figure S1

REFERENCES

1.

J Am Heart Assoc. 2021;10:e018334. DOI: 10.1161/JAHA.120.018334

Kirklin JK, Pagani FD, Kormos RL, Stevenson LW, Blume ED, Myers
SL, Miller MA, Baldwin JT, Young JB, Naftel DC. Eighth annual
INTERMACS report: special focus on framing the impact of adverse
events. J Heart Lung Transplant. 2017;36:1080-1086. DOI: 10.1016/j.
healun.2017.07.005.

Mehra MR, Naka Y, Uriel N, Goldstein DJ, Cleveland JC Jr, Colombo
PC, Walsh MN, Milano CA, Patel CB, Jorde UP, et al. A fully magnetically
levitated circulatory pump for advanced heart failure. N Engl J Med.
2017;376:440-450. DOI: 10.1056/NEJMoa1610426.

Mehra MR, Goldstein DJ, Uriel N, Cleveland JC Jr, Yuzefpolskaya M,
Salerno C, Walsh MN, Milano CA, Patel CB, Ewald GA, et al. Two-year
outcomes with a magnetically levitated cardiac pump in heart failure. N
Engl J Med. 2018;378:1386-1395. DOI: 10.1056/NEJM0a1800866.
Piacentino V lll, Williams ML, Depp T, Garcia-Huerta K, Blue L, Lodge
AJ, Mackensen GB, Swaminathan M, Rogers JG, Milano CA. Impact
of tricuspid valve regurgitation in patients treated with implantable left
ventricular assist devices. Ann Thorac Surg. 2011;91:1342-1347. DOI:
10.1016/j.athoracsur.2011.01.053.

Barac YD, Nicoara A, Bishawi M, Schroder JN, Daneshmand MA,
Hashmi NK, Velazquez E, Rogers JG, Patel CB, Milano CA. Durability
and efficacy of tricuspid valve repair in patients undergoing left ventric-
ular assist device implantation. JACC Heart Fail. 2020;8:141-150. DOI:
10.1016/}.jchf.2019.08.016.

Santoro C, Marco del Castillo A, Gonzalez-Gémez A, Monteagudo JM,
Hinojar R, Lorente A, Abellas M, Vieitez JM, Garcia Martin A, Casas
Rojo E, et al. Mid-term outcome of severe tricuspid regurgitation: are
there any differences according to mechanism and severity? Eur Heart
J Cardiovasc Imaging. 2019;20:1035-1042. DOI: 10.1093/ehjci/jez024.
Prihadi EA, Delgado V, Leon MB, Enriquez-Sarano M, Topilsky Y, Bax
JJ. Morphologic types of tricuspid regurgitation: characteristics and
prognostic implications. JACC Cardiovasc Imaging. 2019;12:491-499.
Shiran A, Najjar R, Adawi S, Aronson D. Risk factors for progression
of functional tricuspid regurgitation. Am J Cardiol. 2014;113:995-1000.
DOI: 10.1016/j.amjcard.2013.11.055.

Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen
KA, Halperin JL, Kay GN, Le Huezey J-Y, Lowe JE, et al. 2011 ACCF/
AHA/HRS focused updates incorporated into the ACC/AHA/ESC
2006 guidelines for the management of patients with atrial fibrillation:
a report of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines. Circulation.
2011;123:6269-e367. DOI: 10.1161/CIR.0b013e318214876d.

Enriquez AD, Calenda B, Gandhi PU, Nair AP, Anyanwu AC, Pinney SP.
Clinical impact of atrial fibrillation in patients with the HeartMate |l left
ventricular assist device. J Am Coll Cardiol. 2014,64:1883-1890. DOI:
10.1016/j.jacc.2014.07.989.

Uriel N, Medvedofsky D, Imamura T, Maly J, Kruse E, Ivak P, Sood P,
Lang RM, Maffessanti F, Berliner D, et al. Echocardiographic changes
in patients implanted with a fully magnetically levitated left ventricular
assist device (Heartmate 3). J Card Fail. 2019;25:36-43.

Muslem R, Ong CS, Tomashitis B, Tomashitis B, Schultz J, Ramu B,
Craig ML, Van Bakel AB, Gilotra NA, Sharma K, et al. Pulmonary arterial
elastance and INTERMACS-defined right heart failure following left ven-
tricular assist device. Circ Heart Fail. 2019;12:e005923. DOI: 10.1161/
CIRCHEARTFAILURE.119.005923.

Takeda K, Takayama H, Colombo PC, Yuzefpolskaya M, Fukuhara S,
Han J, Kurlansky P, Mancini DM, Naka Y. Incidence and clinical signif-
icance of late right heart failure during continuous-flow left ventricular
assist device support. J Heart Lung Transplant. 2015;34:1024-1032.
Uriel N, Morrison KA, Garan AR, Kato TS, Yuzefpolskaya M, Latif F,
Restaino SW, Mancini DM, Flannery M, Takayama H, et al. Development
of a novel echocardiography ramp test for speed optimization and diag-
nosis of device thrombosis in continuous-flow left ventricular assist de-
vices: the Columbia ramp study. J Am Coll Cardiol. 2012;60:1764-1775.
Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E,
Grayburn PA, Hahn RT,HanY, Hung J, Lang RM, et al. Recommendations

16.

20.

21

22,

23.

24,

25.

26.

27.

28.

29.

Atrial Fibrillation in Patients With HM3

for noninvasive evaluation of native valvular regurgitation: a report from
the American Society of Echocardiography developed in collaboration
with the Society for Cardiovascular Magnetic Resonance. J Am Soc
Echocardiogr. 2017;30:303-371.

Topilsky Y, Khanna A, Le Tourneau T, Park S, Michelena H, Suri R,
Mahoney DW, Enriquez-Sarano M. Clinical context and mechanism of
functional tricuspid regurgitation in patients with and without pulmonary
hypertension. Circ Cardiovasc Imaging. 2012;5:314-323.

Nakanishi K, Homma S, Han J, Takayama H, Colombo PC,
Yuzefpolskaya M, Garan AR, Farr MA, Kurlansky P, Di Tullio MR, et al.
Prevalence, predictors, and prognostic value of residual tricuspid regur-
gitation in patients with left ventricular assist device. J Am Heart Assoc.
2018;7:e008813. DOI: 10.1161/JAHA.118.008813.

Dreyfus J, Durand-Viel G, Raffoul R, Alkhoder S, Hvass U, Radu
C, Al-Attar N, Ghodbhane W, Attias D, Nataf P, et al. Comparison of
2-dimensional, 3-dimensional, and surgical measurements of the tri-
cuspid annulus size: clinical implications. Circ Cardiovasc Imaging.
2015;8:e003241. DOI: 10.1161/CIRCIMAGING.114.003241.

Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD,
Chandrasekaran K, Solomon SD, Louie EK, Schiller NB. Guidelines
for the echocardiographic assessment of the right heart in adults: a
report from the American Society of Echocardiography endorsed by
the European Association of Echocardiography, a registered branch
of the European Society of Cardiology, and the Canadian Society of
Echocardiography. J Am Soc Echocardiogr. 2010;23:685-713.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande
L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al.
Recommendations for cardiac chamber quantification by echo-
cardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr. 2015;28:P1-P39.E14.

Usman MS, Ahmed S, Yamani N, Akhtar T, Asmi N, Siddigi TJ, Khan
SU, Doukky R, Khan MS. Meta-analysis of the effect of preopera-
tive atrial fibrillation on outcomes after left ventricular assist device
implantation. Am J Cardiol. 2019;124:158-162. DOI: 10.1016/j.amjca
rd.2019.03.038.

Pozzoli M, Cioffi G, Traversi E, Pinna GD, Cobelli F, Tavazzi L. Predictors
of primary atrial fibrillation and concomitant clinical and hemody-
namic changes in patients with chronic heart failure: a prospective
study in 344 patients with baseline sinus rhythm. J Am Coll Cardiol.
1998;32:197-204. DOI: 10.1016/S0735-1097(98)00221-6.

Haddad F, Doyle R, Murphy DJ, Hunt SA. Right ventricular function in
cardiovascular disease, part II: pathophysiology, clinical importance,
and management of right ventricular failure. Circulation. 2008;117:1717—
1731. DOI: 10.1161/CIRCULATIONAHA.107.653584.

Medvedofsky D, Aronson D, Gomberg-Maitland M, Thomeas V, Rich S,
Spencer K, Mor-Avi V, Addetia K, Lang RM, Shiran A. Tricuspid regur-
gitation progression and regression in pulmonary arterial hypertension:
implications for right ventricular and tricuspid valve apparatus geometry
and patients outcome. Eur Heart J Cardiovasc Imaging. 2017;18:86-94.
DOI: 10.1093/ehjci/jew010.

Abe Y, Akamatsu K, lto K, Matsumura Y, Shimeno K, Naruko T,
Takahashi Y, Shibata T, Yoshiyama M. Prevalence and prognostic sig-
nificance of functional mitral and tricuspid regurgitation despite pre-
served left ventricular ejection fraction in atrial fibrillation patients. Circ
J. 2018;82:1451-1458. DOI: 10.1253/circj.CJ-17-1334.

Utsunomiya H, Itabashi Y, Mihara H, Berdejo J, Kobayashi S, Siegel
RJ, Shiota T. Functional tricuspid regurgitation caused by chronic atrial
fibrillation: a real-time 3-dimensional transesophageal echocardiogra-
phy study. Circ Cardiovasc Imaging. 2017;10:e004897. DOI: 10.1161/
CIRCIMAGING.116.004897.

Kukucka M, Stepanenko A, Potapov E, Krabatsch T, Kuppe H, Habazettl
H. Impact of tricuspid valve annulus dilation on mid-term survival after
implantation of a left ventricular assist device. J Heart Lung Transplant.
2012;31:967-971. DOI: 10.1016/j.healun.2012.06.003.

Najjar E, Thorvaldsen T, Dalén M, Svenarud P, Hallberg Kristensen A,
Eriksson MJ, Maret E, Lund LH. Validation of non-invasive ramp test-
ing for HeartMate 3. ESC Heart Fail. 2020;7:663-672. DOI: 10.1002/
ehf2.12638.

Maury P, Delmas C, Trouillet C, Slaughter MS, Lairez O, Galinier M,
Roncalli J, Bertrand D, Mathevet L, Duparc A, et al. First experience of
percutaneous radio-frequency ablation for atrial flutter and atrial fibrilla-
tion in a patient with HeartMate Il left ventricular assist device. J Interv
Card Electrophysiol. 2010;29:63-67. DOI: 10.1007/s10840-010-9476-6.

10


https://doi.org/10.1016/j.healun.2017.07.005
https://doi.org/10.1016/j.healun.2017.07.005
https://doi.org/10.1056/NEJMoa1610426
https://doi.org/10.1056/NEJMoa1800866
https://doi.org/10.1016/j.athoracsur.2011.01.053
https://doi.org/10.1016/j.jchf.2019.08.016
https://doi.org/10.1093/ehjci/jez024
https://doi.org/10.1016/j.amjcard.2013.11.055
https://doi.org/10.1161/CIR.0b013e318214876d
https://doi.org/10.1016/j.jacc.2014.07.989
https://doi.org/10.1161/CIRCHEARTFAILURE.119.005923
https://doi.org/10.1161/CIRCHEARTFAILURE.119.005923
https://doi.org/10.1161/JAHA.118.008813
https://doi.org/10.1161/CIRCIMAGING.114.003241
https://doi.org/10.1016/j.amjcard.2019.03.038
https://doi.org/10.1016/j.amjcard.2019.03.038
https://doi.org/10.1016/S0735-1097(98)00221-6
https://doi.org/10.1161/CIRCULATIONAHA.107.653584
https://doi.org/10.1093/ehjci/jew010
https://doi.org/10.1253/circj.CJ-17-1334
https://doi.org/10.1161/CIRCIMAGING.116.004897
https://doi.org/10.1161/CIRCIMAGING.116.004897
https://doi.org/10.1016/j.healun.2012.06.003
https://doi.org/10.1002/ehf2.12638
https://doi.org/10.1002/ehf2.12638
https://doi.org/10.1007/s10840-010-9476-6

Hayashi et al

30. Andreas M, Russo M, Werner P, Schneider M, Wittmann F, Scherzer S,
Mascherbauer J, Kocher A, Laufer G, Wiedemann D, et al. Transcatheter
edge-to-edge tricuspid repair for recurrence of valvular regurgitation
after left ventricular assist device and tricuspid ring implantation. ESC
Heart Fail. 2020;7:915-919. DOI: 10.1002/ehf2.12577.

J Am Heart Assoc. 2021;10:e018334. DOI: 10.1161/JAHA.120.018334

31.

Atrial Fibrillation in Patients With HM3

Robertson JO, Grau-Sepulveda MV, Okada S, O’Brien SM, Matthew Brennan
J, Shah AS, Itoh A, Damiano RJ, Prasad S, Silvestry SC. Concomitant tricus-
pid valve surgery during implantation of continuous-flow left ventricular assist
devices: a Society of Thoracic Surgeons database analysis. J Heart Lung
Transplant. 2014;33:609-617. DOI: 10.1016/j.healun.2014.01.861.

11


https://doi.org/10.1002/ehf2.12577
https://doi.org/10.1016/j.healun.2014.01.861

SUPPLEMENTAL MATERIAL



Table S1. Alterations of echocardiographic parameters according to AF status.

All (n=110) No AF (n=51)
Baseline Follow-up  p value Baseline Follow-up  p value
TV annulus diameter (mm) 38.4+4.38 39.1+49 0.03 36.6+41 365%4.0 0.91
TV tenting height (mm) 9.7+19 8.8+2.0 <0.001 96+21 84+21 0.001
TR grade (vena contracta width) 0.13 0.29
None to mild, <3 mm (%) 71 (65%) 79 (72%) 33 (65%) 40 (78%)
Moderate, 3-6.9 mm (%) 31 (28%) 19 (17%) 11 (22%) 6 (12%)
Severe, >7 mm (%) 8 (7%) 12 (11%) 7 (14%) 5 (10%)
TR (CJA/RAA), (%) 13.2+128 109116 0.10 143+138 10.1+11.2 0.02
Significant TR (%) 39 (35%) 31 (28%) 0.25 18 (35%) 11 (22%) 0.13
RVEDD (mm) 48.9+7.2 47.7+6.8 0.07 484+7.1 46.8+6.6 0.17
RVFAC (%) 279+6.9 27.2+6.2 036 27.7+£7.0 276£6.0 0.72
RV systolic excursion velocity (cm/sec) 8.2+2.5 82+22 090 8.3+26 82+22 0.12
RA volume index (mL/m?) 416+204 429+18.7 069 379+174 38.7+156 0.90
LVEF (%) 149+5.0 19.8+8.0 <0.001 146+98 199+79 <0.001
LVDd (mm) 67.6+£95 53.8+10.4 <0.001 669+98 540+9.0 <0.001
LVDs (mm) 62.4£9.7 48.1+11.5 <0.001 619+10.0 478+10.6 <0.001
LA dimension (mm) 48.1+7.9 425+6.4 <0.001 46.1+75 408%6.2 <0.001
Significant MR (%) 69 (63%) 4 (4%) <0.001 37 (73%) 0 (0%) <0.001




Paroxysmal AF (n=40)

Persistent AF (n=19)

Baseline Follow-up  p value Baseline Follow-up  p value
TV annulus diameter (mm) 38.7+5.2 40.1+4.6 0.03 425+32 442+27 0.04
TV tenting height (mm) 96+1.6 8.9+13 0.01 10.3+20 9426 0.19
TR grade (vena contracta width) 0.46 0.03
None to mild, <3 mm (%) 25 (63%) 30 (75%) 13 (68%) 9 (47%)
Moderate, 3-6.9 mm (%) 14 (35%) 9 (23%) 6 (32%) 4 (21%)
Severe, >7 mm (%) 1 (3%) 1 (3%) 0 (0%) 6 (32%)
TR (CJA/RAA), (%) 125+11.2 9.4+109 0.06 115+136 16.3+13.1 0.10
Significant TR (%) 15 (38%) 10 (25%) 0.23 6 (32%) 10 (53%) 0.19
RVEDD (mm) 48.6 + 7.6 48.4+6.0 0.71 51.1+64 484+86 0.17
RVFAC (%) 28673 26.9+6.4 0.26 27.1+58 26.7+£6.5 0.84
RV systolic excursion velocity (cm/sec) 8.5%2.5 83+£22 042 7425 84+19 0.75
RA volume index (mL/m?) 422+216 442+17.7 0.52 50.5+235 51.7+25.0 0.86
LVEF (%) 153+5.1 19.0+7.1 <0.001 148+50 214+10.2 <0.001
LVDd (mm) 67.3+£9.2 519+105 <0.001 699+94 572+128 <0.001
LVDs (mm) 61.9+9.6 464+11.2 <0.001 646%+93 523+139 <0.001
LA dimension (mm) 49.0+£7.5 426 +£5.7 <0.001 519+83 47.2+6.6 0.02
Significant MR (%) 25 (63%) 2 (5%) <0.001 7 (37%) 2 (11%) 0.06

AF, atrial fibrillation; EROA, effective regurgitant orifice area; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction;
LVDd, left ventricular diastolic dimension; LVDs, left ventricular systolic dimension; MR, mitral regurgitation; RA, right atrial; RV, right
ventricular; RVEDD, right ventricular end diastolic dimension; RVFAC, right ventricular fractional area change; TR, tricuspid

regurgitation; and TV, tricuspid valve.



Table S2. Patients’ characteristics with residual TR.

Residual TR~ No residual TR
p value
(n=31) (n=79)

Age (years) 62 +13 60 + 12 0.31
Female sex (%) 4 (13 %) 14 (18 %) 0.54
Caucasian (%) 15 (48%) 50 (63%) 0.15
BSA (m?) 20+£0.2 20+0.3 0.87
Hypertension (%) 19 (61 %) 52 (66 %) 0.54
Diabetes mellitus (%) 10 (32 %) 29 (37 %) 0.66
Hypercholesterolemia (%) 23 (74 %) 48 (61 %) 0.19
COPD (%) 0 (0%) 15 (19 %) 0.01
ICD (%) 25 (81%) 66 (84 %) 0.72
Ischemic cardiomyopathy 14 (45 %) 31 (39%) 0.57
Intention to treat 0.81

BTT (%) 8 (26 %) 16 (20 %)

DT (%) 19 (61%) 51 (65 %)

DT to BTT (%) 4 (13%) 12 (15%)
INTERMACS profile level 0.68

1 (%) 4 (13 %) 9 (11 %)

2 (%) 14 (45 %) 44 (56 %)

3 (%) 12 (39 %) 22 (28 %)

4 (%) 1(3%) 4 (5 %)
Laboratory parameters
BUN (mg/dL) 28.7+195 26.8 +13.4 0.95
Creatinine (mg/dL) 15+04 1.5+0.6 0.38
Albumin (g/dL) 3.8+0.6 3.7+£05 0.69
Total bilirubin (mg/dL) 1.1+0.7 0.9+0.8 0.22
Hemoglobin (g/dL) 11.7+22 116+23 0.83
AF 0.03

Paroxysmal AF 10 (32%) 30 (38%)

Persistent AF 10 (32%) 9 (11%)
Hemodynamic parameters
Mean PA pressure (mmHg) 36.0+11.5 35.1+10.2 0.67
PCWP (mmHg) 24.1+9.5 22.8+8.7 0.50
CVP (mmHg) 11.3+6.6 9.2+55 0.10



Cardiac index (L/min/m2) 19+0.6 1.8+0.5 0.50

PVR (wood units) 34+21 3.7+20 0.40
CVP/PCWP (mmHg) 0.46 +0.21 0.42+0.24 0.24
PA pulsatility index 44+472 54+6.6 0.85
Echocardiographic parameters

LVEF (%) 16.1+5.4 144+ 4.7 0.14
LVDd (mm) 67.3+9.0 67.7+9.8 0.87
LVDs (mm) 61.5+94 62.7+£9.8 0.55
LV mass index (g/m?) 131.2 £ 30.6 135.6 £ 42.7 0.90
LA dimension (mm) 50.0+8.0 474+7.8 0.12
LA volume index (mL/m?) 52.7 + 24.4 48.5+16.3 0.74
RVEDD (mm) 50.7+6.6 482+73 0.11
Pump speed at follow-up (rpm) 5,492 £ 232 5,446 + 311 0.34

Residual TR was defined as at least moderate TR with a vena contracta width >3 mm.

AF, atrial fibrillation; BSA, body surface area; BTT, bridge to transplant; BUN, blood
urea nitrogen; COPD, chronic obstructive pulmonary disease; CVP, central venous
pressure; DT, destination therapy; ICD, implantable cardioverter defibrillator;
INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; PA,
pulmonary artery; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge

pressure; and PVR, pulmonary vascular resistance.



Figure S1. Among all HM3 patients (n=133), Kaplan-Meier analysis for mortality

(A) and a cardiovascular event (B) according to AF status.
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