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ABSTRACT

Introduction Isolated tricuspid valve surgery (TVS) may
be associated with high morbidity and mortality. The

aim of this study was to investigate the association of
preoperative imaging and haemodynamic data derived
from echocardiography (ECHO), cardiac magnetic
resonance (CMR) and right heart catheterisation (RHC)
with postoperative outcomes following TVS.

Methods In a retrospective cohort study, patients who
underwent isolated TVS at our institution between 2012
and 2020 were screened and followed up to 1 year. We
only included those who had all three tests before surgery:
ECHO, CMR and RHC. Patients with congenital heart
disease, infective endocarditis and those who underwent
concomitant valve or pericardial surgery were excluded.
The primary outcome was a composite of mortality and
congestive heart failure at 1 year. Time-to-event analyses
at 1year and Cox proportional hazards regression analyses
were performed.

Results A total of 60 patients were included (mean age

of 60+14 years, 63% women), of whom 67% underwent
TV repair. The primary outcome occurred in 16 patients
(27%) with a 1-year mortality of 7%. It was associated
with ECHO-derived right ventricular (RV) free wall strain
and RHC-derived RV systolic and diastolic as well as mean
pulmonary pressures. On multivariable Cox regression
analysis, only RV systolic and diastolic pressures were
significantly associated with the primary outcome at 1year
(HRs=5.9and 3.4, respectively, p<0.05).

Conclusion Baseline invasive haemodynamic assessment
could have a strong association with clinical outcomes and
help risk-stratify patients undergoing isolated TVS.

INTRODUCTION

Tricuspid valve regurgitation (TR) is associ-
ated with increased mortality despite optimal
medical treatment, even in the absence of
right ventricular (RV) dysfunction or pulmo-
nary hypertension.' > According to current
valvular guidelines, a class I indication for

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Isolated tricuspid valve surgery (TVS) is associated
with a bad prognosis, and a presurgical risk stratifi-
cation is an unmet need.

WHAT THIS STUDY ADDS

= Haemodynamic parameters rather than imaging
modalities are predictive of adverse outcomes fol-
lowing isolated TVS.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Invasive haemodynamic assessment through right
heart catheterisation could be used in identifying
high surgical risk patients undergoing isolated TVS.

tricuspid valve surgery (TVS) is only limited
to patients undergoing leftsided surgery.”
Isolated TVS, a class Ila indication in patients
with symptomatic right-sided heart failure,*”
only represents 5%—10% of all TV surgeries.*”
This is partly related to the relatively high-
operative and long-term mortality reported
with isolated TVS compared with other
valvular surgeries.” ©® However, symptoms
often occur with advanced stages of TR, and
delays in surgical correction might explain
the relatively poor outcomes of TVS.*"
Hence, it is becoming increasingly relevant
to better risk-stratify patients with severe TR
by identifying preoperative anatomic, func-
tional and haemodynamic parameters that
could predict worse clinical outcomes after
TVS to help guide timely interventions.” '
While several diagnostic modalities are
currently available to assess the tricuspid valve
and right heart function before isolated TVS,
the relative prognostic value of such testing
remains uncertain. Therefore, we sought
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775 subjects who underwent tricuspid
valve surgery between 2012 and 2020
at the Cleveland clinic

171 subjects had pre-operative
echocardiogram, cardiac MRI and right
heart catheterization were screened

111 subjects excluded

* 100 subjects with congenital
heart disease

o 5 subjects with concomitant
mitral and/or aortic valve surgery

e 3 subjects with infective
endocarditis

e 3 subjects with pericardial
disease who underwent
pericardiectomy

60 subjects with isolated tricuspid
valve repair or replacement were
included in the final analysis

Concomitant surgery, n (%)

MAZE (n = 21)
LAAclip(n=1)
Pulmonary vein isolation (n = 1)
TV mass removal (n = 2)
Epicardial lead placement (n = 4)
Thoracic aortic stent (n = 1)
CABG (n=3)
Pulmonary enterectomy (n = 1)

Figure 1 Study Consolidated Standards of Reporting Trials
flowchart, showing the selection of the final population for
the study analyses. Among 775 patients who underwent
tricuspid valve (TV) surgery between 2012 and 2020

at the Cleveland clinic, 171 had available preoperative
echocardiogram, cardiac MRI and right heart catheterisation.
Among those, 111 subjects were excluded for having either
congenital heart disease, concomitant valvular surgeries
endocarditis or pericardiectomy. The final cohort of subjects
analysed included 60 subjects. CABG, coronary artery
bypass graft; LAA, left atrial appendage.

to investigate the association of preoperative imaging
variables derived from echocardiography (ECHO) and
cardiac magnetic resonance (CMR), as well as invasive
haemodynamic variables derived from right heart cath-
eterisation (RHC) with outcomes following isolated TVS.

METHODS

Study population

We conducted a retrospective cohort study using the
Cleveland Clinic database for cardiovascular surgical
operations, queried from January 2012 to January
2020 for patients undergoing isolated TVS, defined as
TVS without concomitant left-sided valve surgery, and
who were followed for at least 1year. We only included
those who had all three tests (ECHO, CMR and RHC)
performed before surgery. Patients with congenital heart
disease or infective endocarditis and those who under-
went concomitant valve or pericardial surgery were
excluded (figure 1).

Study variables

Baseline patient characteristics, including demographics,
comorbidities, medication use and laboratory data, were
obtained from the electronic medical records. The aeti-
ology of TR was determined by a review of the surgical
report. Imaging variables were measured by ECHO and

CMR, according to guidelines.'” ' For RV longitudinal
and free wall strain measurement, we performed an
offline analysis of speckle tracking ECHO using Velocity
Vector Imaging (V.2.0; Siemens, Erlangen, Germany).
The 30-day post-TVS ECHOs were also reviewed to assess
the changes in RV dimensions (RV end-diastolic area and
diameter and fractional area change (FAC)) following
surgery. We defined reverse RV remodelling as a decrease
in RV end-diastolic diameter, RV end-diastolic area
or an increase in FAC at 30 days. CMR measurements
included biventricular size and function and measures
of TR severity (regurgitant volume and regurgitant frac-
tion). RHC-derived haemodynamic data included central
venous pressure, mean arterial pressure (MAP), RV and
pulmonary artery (PA) systolic and diastolic pressures,
pulmonary capillary wedge pressure, transpulmonary
gradient and cardiac index (CI), and the following varia-
bles were calculated:
Cardiac power 0utput=MAP><fTI1

Pulmonary effective arterial elastance= (I()/S*\?)P)
Pulmonary arterial compliance:%

Systemic elastance=0.9xMean PAP

PA systolic pressure—PA diastolic pressure
right atrium pressure

PApulsatilityindex=

Study outcome

The primary outcome was a composite of mortality
and congestive heart failure (CHF) at 1year. CHF was
defined as New York Heart Association classes III and
IV symptoms on routine follow-up or hospitalisation for
acute decompensated heart failure requiring diuresis
with or without other interventions such as paracentesis
and thoracentesis. The surgery date was chosen as the
starting point of the observational period. Patients were
followed up to lyear or until developing the primary
outcome.

Statistical analysis
Baseline characteristics were compared between study
groups using a two-sided Student’s t-test or Kruskal-Wallis
test as appropriate for continuous variables and a " anal-
ysis of variance (ANOVA) test for categorical variables.
Continuous variables are expressed as mean (SD) or
median (IQR) and categorical variables as proportions.
The associations of different parameters derived from
ECHO, CMR and RHC with the primary outcome were
assessed through survival analyses with the Kaplan-Meier
non-parametric method. As most included patients were
in recent years of the study, we examined these associ-
ations at l-year follow-up. To adjust for differences in
baseline characteristics and calculate survival estimates,
a multivariable Cox proportional hazard model was
employed, and HRs with CI were computed. We adjusted
for clinical characteristics using a clinical risk score, a
score that has been developed and validated to predict
mortality after TVS.'” Neither the Society of Thoracic
Surgeons nor the European System for Cardiac Oper-
ative Risk Evaluation II has been fully validated for use
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following TVS. All analyses were done using STATAV.13.0
and R studio (V.1.3.1073).

RESULTS

Of the 775 patients who underwent isolated TVS at our
centre (mean age ~47 years, 59% men), and after applying
the exclusion criteria, 60 patients (~8%) were finally
included. Baseline preoperative characteristics related to
the demographics, TR aetiology, surgical details, comor-
bidities, medications and biochemical data of the study
population are presented in table 1. The mean age of the
study population was 60+14 years, and 63% were women.
Among all study patients, 68% underwent TV repair, with
the predominant aetiology being annular dilation (61%)
followed by leaflet pathology (cleft, flail, prolapse or torn
leaflet; 25%). The most common concomitant procedure
performed during surgery was MAZE (33%), followed
by epicardial lead placement (5%) and coronary artery
bypass grafting (5%). The median follow-up of the study
patients was 5.8 months. After 1-year follow-up, 16 (27%)
subjects had the primary outcome, with a 1-year mortality
of 7%. There were no perioperative mortality or heart
failure events. When comparing both groups of patients
based on the primary outcome, there was no signifi-
cant difference in age, gender, type of surgery (repair vs
replacement) or baseline medications. However, a higher
prevalence of prior stroke (19% vs 2%; p=0.024), atrial
fibrillation (81% vs 43% vs; p=0.009) and CHF preop-
eratively (75% vs 5%; p=0.005), with lower mean levels
of serum albumin (3.8 vs 4.1; p=0.045) were observed in
patient who had the primary outcome compared with
those who did not.

Tables 2 and 3 compare the baseline ECHO-derived,
CMR-derived and RHC-derived data between the two
groups. The median interval between all three preopera-
tive modalities and surgery date was 25 days (IQR 5-68).
According to the effective regurgitant orifice area clas-
sification of TR severity,"” 23% of the population had
severe, 6% massive and 69% torrential TR. Patients with
the primary outcome had significantly worse apical RV
strain (=8.3 vs —=14.0; p=0.007). On the other hand, none
of the variables measured on CMR were significantly
different among the two groups. When looking at the
haemodynamic data, the two groups had similar left-
sided pressures; yet those who had the primary outcome
had significantly higher rightsided pressures. Specifi-
cally, they had higher RV systolic (42.2 vs 32.8 mm Hg ;
p=0.009), diastolic pulmonary pressure (21.5 vs 15.9mm
Hg, p=0.024) and mean PA pressure (30.8 vs 22.2 mm
Hg; p=0.006). Table 4 shows the association of changes
in RV dimensions at 30 days with the primary outcome.
The majority of patients had signs of reverse RV remod-
elling evidenced by a decrease in RV end-diastolic area
and diameter (70% and 78%, respectively), while 43%
had an increase in FAC at 30 days. Although patients who
did not have the primary outcome had a higher preva-
lence of reverse RV remodelling and a lower prevalence

of significant (=moderate) TR at 30 days, there was no
significant difference between the two groups in terms
of changes in RV dimensions or significant TR. Patients
who had the primary outcome had higher prevalence of
increased FAC compared with those who did not have the
primary outcome (79% vs 42%, p=0.02). Only 12 subjects
had follow-up ECHOs at 6 months and 10 subjects had
follow-up ECHOs at 1 year, so we did not include results
on RV remodelling beyond 30 days.

Regarding our time-to-event analyses, there was a signif-
icant difference at lyear in the time to primary outcome
based on RHC data (figure 2). Subjects with higher RV
diastolic (log-rank p=0.02) and RV systolic pressures
(log-rank p=0.01), as well as higher mean PA pressure
(log-rank p=0.03), had a significantly higher likelihood
of CHF and death at lyear. Stratifying, according to
RV free wall and global longitudinal strains, showed
no difference in the likelihood of having the primary
outcome at 5 months (online supplemental figure 1). In
the multivariable-adjusted Cox regression analyses, only
patients with baseline RV systolic pressure greater than
40 mm Hg (HR=3.64, 95% CI: 1.12 to 15.5; p=0.026) and
RV diastolic pressure greater than 10 mm Hg (HR=3.18,
95% CI: 1.02 to 9.97; p=0.036) had a higher risk of having
the primary outcome at 1 year (table 5). Among those who
had an echocardiogram at 30 days (n=50), only 7 patients
had >moderate TR. Compared with those who did not
develop >moderate TR at 30 days, those who did have
a higher risk of having the primary outcome (HR=4.7,
95% CI: 1.76 to 13.0; p=0.002) (data not shown).

DISCUSSION

To our knowledge, this is the first study to simultaneously
explore the prognostic value of anatomic and functional
variables, as assessed by ECHO, CMR and invasive haemo-
dynamic data obtained by RHC in patients undergoing
isolated TVS. The main finding from our study is that
rightsided pressures, rather than anatomic and func-
tional parameters, are the factors associated with clin-
ical outcomes after isolated TVS (figure 2). Specifically,
elevated RV systolic and diastolic pressure preoperatively
are the only factors associated with the primary outcome
at lyear on multivariable-adjusted Cox regression anal-
yses.

Although severe TR is largely undertreated, its grim
clinical implications have been increasingly recognised.
ECHO remains the cornerstone of TV and RV assess-
ment. However, its prognostic impact remains uncertain.
Although some studies show that preoperative and intra-
operative ECHO-derived LV function® and RV dimen-
sions'’?! may be associated with outcomes following TVS,
most of these are limited by their small sample size and
selection bias. Other larger-scale studies failed to show
the predictive value of RV size. In a prospective analysis of
1292 patients with significant secondary TR, RV dilation
(based on tricuspid annulus>40 mm) was not associated
with long-term survival.** Similarly, qualitative measures
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Table 1 Baseline characteristics of patients undergoing isolated tricuspid valve surgery (TVS) according to the presence of
primary outcome, a composite of mortality or congestive heart failure (CHF) at 1year

Total population No mortality or CHF = Mortality or
(N=60) (N=44) CHF (N=16) P valuet
Age, mean (SD) 60.9 (14.2) 58 (15) 63 (14) 0.29
Females 38 (63%) 27 (57%) 13 (81%) 0.08
Surgery type, n (%)
TV repair 41 (68) 31 (70) 10 (62) 0.23
TV replacement 19 (32) 13 (30) 6 (38)
Aetiology*
Annular dilation 37 (61.7%) 28 (63%) 9 (56%) 0.28
Leaflet pathology 15 (25%) 13 (30%) 2 (12.5%)
Myxoma 1 (1.6%) 1 (2%) 0 (0%)
Carcinoid 3 (5%) 1 (2%) 2 (12.5%)
Redo TVS 4 (6.7%) 1 (2%) 3 (19%)
Concomitant surgery, n (%)
MAZE 20 (33%) 16 (36%) 4 (25%) 0.31
LAA clip 1(1.7%) 0 (0%) 1 (6%)
Pulmonary vein isolation 1(1.7%) 1(2%) 0 (0%)
TV mass removal 2 (3.3%) 2 (4.5%) 0 (0%)
Epicardial lead placement 3 (5%) 2 (4.5%) 1(6%)
Thoracic aortic stent 1(1.7%) 0 (0%) 1 (6%)
CABG 3 (5%) 2 (4.5%) 1 (6%)
Pulmonary enterectomy 1(1.7%) 1(2%) 0 (0%)
Medical history, n (%)
Coronary artery disease 17 (28%) 12 (27%) 5 (31%) 0.76
Coronary bypass surgery 8 (13%) 5(11%) 3 (19%) 0.46
Transient ischemic attack/stroke 4 (6%) 1(2%) 3 (19%) 0.024
Peripheral arterial disease 7 (11%) 3 (7%) 4 (25%) 0.052
CHF (New York Heart Association class Il or IV) 14 (22%) 2 (9) 12 (75) <0.001
Diabetes 13 (21%) 10 (23%) 3 (19%) 0.74
Hyperlipidaemia 16 (26%) 11 (25%) 5 (31%) 0.63
Hypertension 34 (56%) 25 (57%) 9 (56%) 0.97
Chronic kidney disease 11 (18%) 7 (16%) 4 (25%) 0.42
Dialysis 6 (10%) 5(11%) 0 (0%) 0.16
Atrial fibrillation 32 (53%) 19 (43%) 13 (81%) 0.009
Pulmonary arterial hypertension 8 (13%) 3 (7%) 3 (19%) 0.18
Permanent pacemaker 2 (3%) 1(2%) 0 (0%) 0.21
Chronic obstructive pulmonary disease 5 (8%) 2 (5%) 3 (19%) 0.078
History of AV or MV surgery 17 (28%) 10 (23%) 7 (44%) 0.1
Infective endocarditis 3 (5%) 1(2%) 1 (6%) 0.45
Liver cirrhosis 6 (10%) 3 (7%) 3 (19%) 0.18
Body mass index, mean (SD) 28.6 (6.7) 28.1 (6.0) 30.9(8.5) 0.16
Medications
Aspirin 23 (38%) 18 (41%) 5 (31%) 0.50
P2Y12 inhibitors 3 (5%) 3 (7%) 0 (0%) 0.28
Anticoagulation 32 (53%) 23 (52%) 9 (56%) 0.78
Continued
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Table 1 Continued
Total population No mortality or CHF  Mortality or
(N=60) (N=44) CHF (N=16) P valuet
ACE inhibitors or ARB 21 (35%) 17 (39%) 4 (25%) 0.33
Spironolactone 18 (30%) 13 (30%) 5 (31%) 0.90
Beta blockers 37 (61%) 27 (61%) 10 (62%) 0.94
Calcium channel blockers 11 (1%) 7 (16%) 4 (25%) 0.42
Loop diuretics 29 (48%) 18 (41%) 11 (69%) 0.056
Thiazide diuretics 10 (16%) 7 (16%) 3 (19%) 0.79
Digoxin 4 (6%) 2 (5%) 2 (12%) 0.27
Antiarrhythmics 4 (6%) 4 (9%) 0 (0%) 0.21
Statin 23 (38%) 17 (39%) 6 (38%) 0.94
Baseline laboratory data
Albumin, mean (SD) 4.0 (0.51) 4.1(0.4) 3.8 (0.9) 0.045
Creatinine, median (IQR) 0.9(0.8,1.3) 0.9(0.8,1.2) 0.9 (0.80, 1.3) 0.97
GFR, mean (SD) 69.7 (32.8) 0.9 (0.6) 1.1(0.8) 0.40
ALP, mean (SD) 112.3 (74.9) 107.6 (69.2) 133.1(91.9) 0.25
ALT, mean (SD) 23.2(14.4) 24.4 (15.9) 20.3(10.6) 0.35
AST, mean (SD) 29.9 (14.5) 28.5(12.7) 33.6 (19.4) 0.24
NT-proBNP, median (IQR) 714 (211, 1284) 714 (211, 1348) 774 (301, 1309) 0.66
Total bilirubin, mean (SD) 0.9(0.7) 68.0 (33.5) 70.5 (31.4) 0.79
Haemoglobin, mean (SD) 12.7 (2.0) 12.8 (2.1) 12.3(1.8) 0.41
Haematocrit, mean (SD) 38.0 (6.2 38.8 (5.5) 37.6 (5.0 0.45
Platelets, mean (SD) 185.5 (69.4) 191.5 (73.1) 171.6 (49.0) 0.32

*Leaflet pathology include cleft, flail, prolapse or torn leaflet.

1P values for continuous variables were calculated using t-tests (except for creatinine and NT-proBNP, in which Kruskal-Wallis test for

medians was used).

ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; AV, aortic
valve; CABG, coronary artery bypass graft; GFR, glomerular filtration rate; LAA, left atrial appendage; MV, mitral valve; NT-proBNP, N-terminal

pro-brain natriuretic peptide; TV, tricuspid valve.

of moderate—severe RV dilation were not associated with
mortality after surgical TV replacement in a retrospective
analysis of 189 patients with severe TR.** In both of these
studies, measures of RV systolic function were the only
significant predictors of mortality after TVS. Notably, in
the study by Topilsky et al, the only predictor of mortality
was the right index of myocardial performance, which is
strongly correlated with right heart haemodynamics.**
We previously showed at our institution that TVS has
the potential in reversing RV remodelling and improving
RV function,” yet this study shows that reverse RV
remodelling at 30 days was not associated with clin-
ical outcomes. On the other hand, RV free wall strain
has emerged as a valuable tool and has been previously
shown to be an independent predictor of outcomes after
isolated TVS.? #’ Similarly, in our study, RV global and
RV free wall strains were the only ECHO parameters that
were significantly different between the two study groups;
however, their association with outcomes on time-to-
event analysis was not statistically significant. Our study
may be underpowered to detect a significant association

of RV strain parameters given borderline p values from
the survival analysis.

CMR is considered the gold standard in RV size and
function assessment and has been increasingly used in
valvular assessment. Data on the role of CMR before TVS
are scarce. RV ejection fraction, RV mass index® and
TR severity by CMR™ have been shown to play a poten-
tial prognostic role, but none of the studies also included
ECHO and RHC data. In our study, none of the imaging-
derived parameters, whether by ECHO or CMR, were
associated with the primary outcome following isolated
TVS. This could be related to our patient population,
which only included patients with severe symptomatic TR
at a relatively advanced stage of the disease. Moreover,
RV functional assessment by CMR might be affected by
an increase in preload and in afterload, which is typical
in severe TR patients.

Interestingly, and among a myriad of preoperative
imaging and haemodynamic variables that we included,
only right-sided pressures derived by RHC were associated
with the primary outcomes. When studied in isolation, the

Hariri E, et al. Open Heart 2022;9:002124. doi:10.1136/0openhrt-2022-002124

5



I

Open Heart

Table 2 Baseline echocardiographic parameters of patients undergoing isolated tricuspid valve surgery according to the
presence of the primary outcome, a composite of 1-year mortality or congestive heart failure (CHF)

No mortality or CHF Mortality or CHF
Echocardiographic parameters (N=44) (N=16) P value*
Right ventricle
Moderate—severe RV dilation 29 (66%) 13 (81%) 0.50
Severe RV systolic dysfunction 9 (20%) 2 (12%) 0.74
RV basal strain, mean (SD) -19.0 (11.1) -17.2(13.4) 0.60
Mid-RV strain, mean (SD) -16.1(9.2) -12.8(10.2) 0.24
Apical RV strain, mean (SD) —-14.0(7.6) -8.3(5.1) 0.007
RV global longitudinal strain, mean (SD) -13.1 (6.9 -11.1(6.5) 0.25
RV free wall strain, mean (SD) -16.4 (8.0) -12.8 (8.5) 0.13
RVSP (mm Hg), mean (SD) 37.0(10.5) 34.4(12.2) 0.42
RVOT VTI cm/s), mean (SD) 12.1 (5.0) 19.7 (23.9) 0.097
RV base mid-systolic diameter (cm), mean (SD) 5.2 (4.5) 4.3(1.3) 0.42
RV base end-systolic diameter (cm), mean (SD) 39(1.2 3.8(1.2) 0.69
RV base end-diastolic diameter (cm), mean (SD) 5.3(1.2) 51(1.2) 0.58
RV end-diastolic area (cm?), mean (SD) 35.5(23.4) 28.3(14.9) 0.26
RV end-systolic area (cm?), mean (SD) 21.5(14.1) 18.3(10.9) 0.42
Fractional area change (%), mean (SD) 0.4 (0.1) 0.4 (0.1) 0.44
TAPSE (cm), mean (SD) 61.2 (42.9) 73.4(1.3) 0.71
RA volume index (mL), mean (SD) 2.5(0.8) 2.9(1.0) 0.12
Inferior vena cava diameter (cm), mean (SD) 12.1 (5.0) 19.7 (23.8) 0.097
Hepatic vein pattern
Blunted systolic flow 6 (14%) 0 (0%) 0.049
Reversed systolic flow 32 (72%) 15 (93%)
Tricuspid valve
Tricuspid inflow VTI, mean (SD) 28.6 (10.2) 35.4 (18.0) 0.076
Tricuspid regurgitation peak velocity (cm/s), mean (SD) 250.2 (59.6) 235.9 (54.9) 0.41
TR continuous VTI (cm), mean (SD) 64.5 (24.4) 69.9 (22.1) 0.44
VFR (mL/s), mean (SD) 455.8 (420.8) 313.4 (212.0) 0.22
Regurgitant volume (mL), mean (SD) 116.9 (106.4) 93.5 (61.6) 0.43
TR peak gradient (mm Hg), mean (SD) 25.7 (11.5) 23.3(10.6) 0.47
TR mean gradient (mm Hg), mean (SD) 14.1(7.9) 13.4 (6.5) 0.74
TR vena contracta (cm), mean (SD) 1.3(0.5) 1.2 (0.5) 0.31
TR EROA complete (cm?) 1.9(1.6) 1.4 (1.0) 0.25
New five point classification by EROA (>3) 26 (59%) 11 (68%) 0.61
New five point by vena contracta (>3) 40 (90%) 13 (81%) 0.38
Left ventricle
Left ventricular outflow track VTl (cm/s), mean (SD) 17.5 (5.7) 20.0 (5.3) 0.15
LV end-diastolic volume (cm®) mean (SD) 82.5 (30.7) 87.9(37.5) 0.59
LVEF (%), mean (SD) 57.4 (11.4) 59.2 (10.0) 0.58

*P values for continuous variables were calculated using t-tests and for categorical variables using x>

EROA, effective regurgitant orifice area; LVEF, left ventricular ejection fraction; RA, right atrium; RV, right ventricle; RVOT, right ventricular
outflow tract; RVSP, right ventricular systolic pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; VFR,

volume flow rate; VTI, velocity time index.

value of invasive haemodynamic assessment in predicting
outcomes following TV interventions® ** has been previ-
ously explored. Similar to our findings, elevated right-
sided pressures preoperatively,'® ** or postoperatively™

appear to be associated with adverse outcomes following
TVS. Also, preoperative ECHO-based estimates of haemo-
dynamic parameters have been shown to have prognostic
value in patients undergoing TVS.* **** % Qur study
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Table 3 Baseline haemodynamic and cardiac MRI parameters of patients undergoing isolated tricuspid valve surgery
according to the presence of the primary outcome, a composite of 1-year mortality or congestive heart failure (CHF)

No mortality or CHF = Mortality or CHF

(N=44) (N=16) P value*
Right heart catheter data
Central venous pressure, mean (SD) 13.2(7.1) 17.7 (8.2) 0.058
Mean arterial pressure, mean (SD) 14.8 (7.1) 18.0 (5.0) 0.19
RV systolic pressure (mm Hg), mean (SD) 32.8(9.9) 422 (13.2) 0.009
RV diastolic pressure (mm Hg), mean (SD) 10.1 (9.0) 15.1 (8.3) 0.078
RV systolic work index (mm Hg mL/m?, mean (SD) 4.8(6.2) 4.9 (1.6) 0.96
PA systolic pressure (mm Hg), mean (SD) 32.5(11.7) 41.7 (14.6) 0.023
PA diastolic pressure (mm Hg), mean (SD) 15.9 (6.9) 21.5(9.5) 0.024
PA mean pressure (mm Hg), mean (SD) 22.2 (8.1) 30.8 (11.0) 0.006
Pulmonary pulse pressure (mm Hg), mean (SD) 16.6 (7.5) 20.2 (7.6) 0.13
Pulmonary arterial elastance (mm Hg/mL), mean (SD) 0.5(0.2) 0.7 (0.4) 0.041
Pulmonary arterial compliance (mL/mm Hg), mean (SD) 4.6(2.1) 3.5(1.9 0.13
Pulmonary artery pulsatility index, mean (SD) 1.7 (1.4) 1.3(0.6) 0.31
PCWP (mm Hg), mean (SD) 13.9 (5.6) 18.5 (8.7) 0.030
Transpulmonary gradient (mm Hg), mean (SD) 7.9 (4.6) 11.2 (4.4) 0.030
Pulmonary vascular resistance (Dynes-s/cm®), mean (SD) 147.3 (101.7) 215.5(113.7) 0.063
Systemic elastance (mm Hg/mL), mean (SD) 0.3(0.2) 0.5(0.2) 0.052
Stroke volume index (mL/m?), mean (SD) 38.4 (26.2) 32.7 (9.9 0.51
Cardiac index (L/min/m?), mean (SD) 2.5(0.7) 2.3(0.6) 0.23
Cardiac power output, mean (SD) 35.4 (17.9) 40.9 (12.7) 0.39
Cardiac MRI
RA area (cm?), mean (SD) 38.3(10.0) 46.0 (14.8) 0.38
RV ejection fraction (%), mean (SD) 50.5(7.3) 51.2(9.5) 0.76
RV end-diastolic volume index (mL/m?), mean (SD) 123.8 (35.8) 129.4 (49.2) 0.65
RV end-systolic volume index (mL/m?), mean (SD) 63.0 (19.7) 67.7 (34.6) 0.53
RV stroke volume index (mL/m?), mean (SD) 64.1 (22.0) 61.8 (18.9) 0.73
PA net forward volume (mL), mean (SD) 68.1 (24.3) 58.4 (23.6) 0.25
TR regurgitant volume index (mL), mean (SD) 55.5(33.8) 47.8 (32.6) 0.44
TR regurgitant fraction index (%), mean (SD) 41.8 (16.5) 37.0(11.5) 0.29
LV end-diastolic volume (mL/m?), mean (SD) 69.8 (22.3) 75.0 (16.6) 0.40
LV end-systolic volume (mL/m?), mean (SD) 31.5 (15.6) 33.6 (14.2) 0.64
Stroke volume index (L/m?), mean (SD) 38.6 (13.6) 43.7 (7.4) 0.16
Cardiac index (L/min/m?), mean (SD) 3.3(3.9) 2.8 (0.6) 0.57
LV ejection fraction (%), mean (SD) 56.0 (8.5) 58.5 (9.6) 0.34

*P values for continuous variables were calculated using t-tests and for categorical variables using xz.
LV, left ventricular; PA, pulmonary artery; PCWP, pulmonary capillary wedge pressure; RA, right atrial; RV, right ventricular; TR, tricuspid

regurgitation.

adds to the literature by showing that invasive haemo-
dynamic data rather than imaging-derived anatomic or
functional data provide the most prognostic value in
patients undergoing TVS. It is important to note that
while RHC-derived RV systolic pressure was associated
with the study’s outcome, RVSP calculated by ECHO was
not different between those who did and did not have the

primary outcome. This is might be due to intraobserver/
interobserver variability in the measurement of RVSP, a
parameter that can challenge to accurately assess in many
patients.

Furthermore, from a practical standpoint, identifying
patients with a higher risk of worse clinical outcomes
following TVS could allow for the more widespread use of
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Table 4 Change in echocardiographic parameters after tricuspid valve surgery and association with the primary outcome, a

composite of mortality or congestive heart failure (CHF)

Total population No mortality or CHF Mortality or CHF
Follow-up data (N=60) (N=44) (N=16) P value
Reverse RV remodelling at 30 days*
Decrease in RV end-diastolic area 42 (70%) 32 (84%) 10 (71%) 0.30
Decrease in RV end-diastolic diameter 47 (78%) 35 (92%) 12 (86%) 0.39
Increase in FAC 26 (43%) 16 (42%) 11 (79%) 0.02
>moderate TR at 30 days* 7 (12%) 3 (7%) 3 (19%) 0.08

*Reverse RV remodelling is defined as a decrease in RV end-diastolic diameter or RV end-diastolic area, or an increase in FAC at 30 days on

echocardiogram.
FAC, fractional area change; RV, right ventricular; TR, tricuspid regurgitati

novel transcatheter tricuspid valve interventions (TTVI).
Several TTVI technologies targeting different structures
of the tricuspid valve apparatus are currently available.*
For example, edge-to-edge repair using the TriClip
system (Abbott Vascular, Santa Clara, California, USA),
which effectively bridge the septal and one of the mural
leaflets together is a valid alternative.”” Also, multiple
devices targeting the annulus have been developed. For
instance, the Cardioband system (Edwards Lifesciences,
Irvine, California, USA) is a direct annuloplasty device.*
Transcutaneous TV replacement technologies are also
being investigated with numerous available systems like
the Lux-Valve (Ningbo Jenscare Biotechnology, Ningbo,
China) or the Evoque valve (Edwards Lifesciences,
Irvine, California, USA).%9 40 Finally, the TricValve system
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(Products & Features GmbH, Vienna, Austria) that
consists of two self-expanding biological valves that are
implanted percutaneously into the superior and inferior
vena cavae without disturbing the native tricuspid valve is
a breakthrough system intended for patients with severely
symptomatic TR and right heart failure with limited treat-
ment alternatives.*'

Several study limitations are worth noting. First, this
was a single-centre retrospective study, and therefore, the
analysis was subject to inherent biases, including ascer-
tainment and selection bias, according to data availability
from all three modalities. The centre experience with
isolated TVS and its preoperative assessment using several
modalities might not be generalisable to routine care of
TR patients. Thus, these novel findings should be further
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Figure 2 Kaplan-Meier curves for the association of different haemodynamic parameters with the primary outcome at 1-year

follow-up, according to (A) right ventricular (RV) diastolic pressure,

(B) RV systolic pressure, (C) pulmonary artery mean pressure

and (D) cardiac index. Among the four invasive haemodynamic parameters studies, only RV systolic (>40 mm Hg) and diastolic
pressures (>10mm Hg) as well as mean pulmonary artery (PA) pressure (>30 mm Hg) were significantly associated with the
composite outcome of death and congestive heart failure at 1year. There was no association between cardiac index and the

primary outcome. Shaded area indicate 95% Cls.
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Table 5 Univariate and multivariable Cox proportional hazard regression analyses of the primary outcome at 1year, a

composite of death and congestive heart failure (CHF)

Patients who

Unadjusted

Multivariable-adjusted model*

had the primary HR HR
outcome (95% ClI) P value (95% Cl) P value
Right ventricular (RV) systolic pressure
RV systolic pressure<40 mm Hg 8 (16%) 3.60 (1.33109.69) 0.011 3.64 (1.1210 15.5) 0.026
RV systolic pressure>40 mm Hg 8 (61%)
Right ventricular diastolic pressure
RV diastolic pressure<10 mm Hg 4 (12%) 3.48 (1.111010.8) 0.031 3.18 (1.02 10 9.97) 0.036
RV diastolic pressure>10 mm Hg 12 (40%)
Pulmonary artery mean pressure
PA mean pressure<30 mm Hg 9 (18%) 3.05(1.1210 8.24) 0.028 2.06 (0.54 t0 7.85) 0.10
PA mean pressure>30 mm Hg 7 (64%)

*Adjusted for clinical risk score, comprised of age, gender, history of stroke, haemodialysis, chronic lung disease, ejection
fraction, New York Heart Association class and reoperation) (17) and atrial fibrillation.

validated in prospective clinical trials. The study is also
subject to common limitations of observational design,
where causality cannot be established. Significant loss
to follow-up and relatively small sample size at follow-up
beyond lyear did not allow for longer-term survival
analyses and might have not revealed significant associa-
tions of previously reported predictors of outcomes after
TVS such as CMR-based parameters and speckle strain
parameters. Moreover, the low event rates of the primary
endpoints prohibited more extensive multivariable-
adjusted regression analyses.

CONCLUSION

Routine use of preoperative invasive haemodynamic
assessment could potentially have an important role in
the risk stratification of patients undergoing isolated TVS.
Our study shows that data derived from RHC, specifically
RV systolic and diastolic pressures, rather than Echo and
CMR-derived anatomical and functional data, are asso-
ciated with postoperative mortality and CHF following
isolated TVS.
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