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ABSTRACT

Background and aim: Right ventricular (RV) ejection fraction (EF) assessed by 3D echocardiog-
raphy is a powerful measure to detect RV dysfunction. However, its prognostic value in routine
clinical practice has been scarcely explored. Accordingly, we aimed at investigating whether RVEF is
associated with 2-year all-cause mortality in patients who underwent diverse cardiovascular pro-
cedures and to test whether RVEF can overcome conventional echocardiographic parameters in terms
of outcome prediction.

Patients and methods: One hundred and seventy-four patients were retrospectively identified who
underwent clinically indicated transthoracic echocardiography comprising 3D acquisitions. The pa-
tient population consisted of heart failure with reduced ejection fraction patients (44%), heart
transplanted patients (16%), and severe valvular heart disease patients (39%). Beyond conventional
echocardiographic measurements, RVEF was quantified by 3D echocardiography. The primary
endpoint of our study was all-cause mortality at two years.

Results: Twenty-four patients (14%) met the primary endpoint. Patients with adverse outcomes had
significantly lower RVEF (alive vs. dead; 48 + 9 vs. 42 + 9%, P < 0.01). However, tricuspid annular
plane systolic excursion (21 & 7 vs. 18 + 4 mm), and RV systolic pressure (36 + 15 vs. 39 + 15 mmHg)
were similar. By Cox analysis, RVEF was found to be associated with adverse outcomes (HR [95% CI]:
0.945 [0.908-0.984], P < 0.01). By receiver-operator characteristic analysis, RVEF exhibited the highest
AUC value compared with the other RV functional measures (0.679; 95% CI: 0.566-0.791).

Conclusions: Conventional echocardiographic measurements may be inadequate to support a

IMAGING 13 (2021) 2, 130-137 granular risk stratification in patients who underwent different cardiac procedures. RVEF may be a
DOI: 10.1556/1647.2021.00049 robust clinical parameter, which is significantly associated with adverse outcomes.
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function is ejection fraction (EF): robust evidence supports
its usefulness because it correlates with clinical signs and
symptoms and has established diagnostic and prognostic
power in various cardiac diseases [1].

Recently, right ventricular (RV) EF gained particular
scientific attention as RVEF seems to have an independent,
added prognostic value on top of left ventricular (LV) EF
quantification [2]. However, RVEF can be measured only by
three-dimensional (3D) imaging methods; there is no
appropriate and clinically applied two-dimensional (2D)
method that can accurately estimate RV volumes.

Technological advancements in transducer and software
technologies allowed RV volume and EF measurement using
3D echocardiography (3DE) with good feasibility and close
correlation with gold standard cardiac magnetic resonance
imaging [3]. Thus, certain, dominantly tertiary cardiology
departments started to apply 3DE-derived RV quantification
in their daily routine to harvest its strong potential in pre-
operative risk stratification, procedure planning, disease
management, and long-term outcome prediction [4].

The aims of our current study were (1) to explore
whether RVEEF is associated with 2-year all-cause mortality in
an aggregate population of patients who underwent diverse
cardiovascular procedures in a tertiary care center and (2) to
test whether it can overcome conventional echocardiographic
parameters in terms of outcome prediction.

Patients and methods

Study design and population

Clinically, hemodynamically stable patients who underwent
clinically indicated transthoracic echocardiography at the
Semmelweis University Heart and Vascular Center between
May 2015 and May 2019 were retrospectively identified.
Inclusion criteria were: (1) 18 years of age or older; (2)
established left-sided cardiac disease with previous or plan-
ned cardiac intervention or surgery with any value of LV
and RVEF; (3) 3D images obtained suitable for 3D LV and
RV quantification; (4) availability of 2-year follow-up data.
Exclusion criteria were: (1) primary RV diseases (primary
pulmonary hypertension, arrhythmogenic cardiomyopathy,
congenital heart diseases affecting the right heart); (2) acute
cardiovascular conditions (acute coronary syndrome,
myocarditis, pulmonary embolism, etc.); (3) inadequate
echocardiographic image quality. Clinical characteristics,
such as demographics, medical history, physical status and
vitals, and laboratory parameters were extracted retrospec-
tively from electronic medical records. Our retrospective
study is in accordance with the Declaration of Helsinki and
was approved by the Regional and Institutional Committee
of Science and Research Ethics.

Echocardiographic data acquisition and analysis

Echocardiographic images were acquired using either a
Philips EPIQ (equipped with an X5-1 transducer; Philips
Medical Systems, Best, the Netherlands) or a GE Vivid E95

(equipped with 4V-D or 4Vc¢-D transducers; GE Healthcare,
Horten, Norway) ultrasound systems. According to current
recommendations, a standard acquisition protocol consist-
ing of loops from parasternal, apical, and subxyphoid views
was used [1, 5]. RV basal diameter was measured as the end-
diastolic dimension in the basal third of the RV inflow from
the apical four-chamber view. RV end-diastolic and end-
systolic areas and fractional area change (FAC) were
measured by manual tracing of the RV endocardial border.
M-mode measured tricuspid annular plane systolic excur-
sion (TAPSE) was recorded. RV systolic pressure (RVSP)
was calculated from the peak velocity of the tricuspid
regurgitation jet. 2D and Doppler measurements referring to
LV morphology, systolic and diastolic function, and quan-
tification of valvular heart diseases were performed accord-
ing to current guidelines [1, 6].

Beyond the routine 2D protocol, ECG-gated full-volume
3D data sets (with our without multi-beat reconstruction)
optimized for the right or left ventricle were obtained for
offline analysis in accordance with our internal 3D acqui-
sition protocols [4, 7]. Image quality was checked bedside to
avoid “stitching” and “dropout” artifacts of the multi-beat
3D data. In case of a single-beat acquisition, a minimum of
15 volumes per second; in case of a multi-beat acquisition, a
minimum of 25 volumes per second temporal resolution was
targeted. Further measurements were performed on a
standalone workstation using dedicated software packages
(4D RV-Function 2 and 4D LV-Analysis 3; TomTec Imag-
ing, Unterschleissheim, Germany). The algorithm semi-
automatically detects the endocardial surface of the right and
left ventricles, and following manual correction, it traces wall
motion through the cardiac cycle (Fig. 1). We determined
end-diastolic volume index (EDVi), end-systolic volume
index (ESVi), and stroke volume index (SVi) normalized to
body surface area (BSA), and to characterize global RV and
LV functions, EFs were also assessed. We measured LV mass
index normalized to BSA by tracing the LV end-diastolic
epicardial contour. Moreover, LV GLS (4D LV-Analysis 3)
and 2D RV free wall longitudinal strain (4D RV-Function 2)
were also calculated.

Study outcomes

Follow-up data [status (dead or alive), date of death] was
obtained from Hungary’s National Health Insurance Data-
base. The primary endpoint of our study was all-cause
mortality at 2 years.

Statistical analysis

deviation (SD), whereas categorical variables were reported
as frequencies and percentages. After the verification of
normal distribution of variables using the Shapiro-Wilk test,
the clinical and echocardiographic characteristics were
compared with unpaired Student’s t-test or Mann-Whitney
U test for continuous variables, and Chi-squared or Fisher’s
exact test for categorical variables, as appropriate. Cox
proportional hazards models were used to compute hazard

Continuous variables are expressed as mean =+ standard
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Fig. 1. Representative 3D echocardiographic reconstruction of a heart failure patient's severely dilated and dysfunctional right ventricle
(upper left corner). The endocardial borders are semi-automatically identified by the dedicated, commercially available software, which can
be manually corrected on multiple short- and long-axis planes to accurately quantify right ventricular volumes. 4Ch: four-chamber view;
EDV: end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; SAX: short axis; SV: stroke volume

ratios (HR) with 95% confidence intervals (95% CI).
Receiver-operator characteristic (ROC) curves were gener-
ated to assess the discriminatory power of RV systolic
functional parameters with regard to the endpoint. Youden’s
index was used to identify the optimal cut-off points of each
parameter; then, these values were used to dichotomize the
study population. Outcomes of the dichotomized groups
were visualized on Kaplan-Meier curves and compared by
log-rank test. A 2-sided P-value of 0.05 was considered
statistically significant. Analysis was performed in R (version
3.6.2, R Foundation for Statistical Computing, Vienna,
Austria).

Results

Two hundred and ninety-seven patients with local echocar-
diography performed were identified and screened for eligi-
bility in our database (Fig. 2). The final study population
consisted of 174 patients with an average age of 62 years and a
male predominance (72%). Seventy-eight subjects (45%) were
heart failure with reduced ejection fraction (HFrEF) patients,
of whom 69 patients were referred to our electrophysiology
department to assess a potential de novo device implantation
or upgrade. Later, 14 patients received an implantable car-
dioverter defibrillator (ICD), while 49 patients underwent
cardiac  resynchronization therapy (CRT-D) device

implantation during the follow-up period. Nine patients were
investigated for candidacy for a long-term LV assist device
(LVAD) implantation, and thereafter all of them received
such device. Twenty-eight subjects (16%) were heart trans-
plant recipients (HTX) with a median of 96 days after the
operation (range from 9 to 515 days). Sixty-eight subjects
(39%) were patients with severe primary mitral valve regur-
gitation (MVR; 29 patients with Barlow’s disease, 39 with
fibroelastic deficiency) enrolled in a previous prospective
study and underwent mitral valve repair or replacement after
the echocardiography [8]. In this cohort of 174 patients,
coronary artery disease status was previously established (and,
if required, treated accordingly). There were also no subjects
having moderate or severe stenosis on any valve.
Twenty-four patients met the primary endpoint of all-
cause mortality at two years: 16 HFrEF patients (2 with ICD,
10 with CRT-D, 4 with LVAD implanted), 1 HTX patient,
and 7 MVR patients. Two patients from the LVAD and two
from the MVR cohort died in the early postoperative period.
Patients who met the endpoint were compared to those
who did not in Table 1. Patients who died were older (68 +
10 years) but there was no difference in anthropometric
measures, blood pressures and serum creatinine levels (at the
time of echocardiographic examination). We did not find a
difference in medical history either: prevalence of coronary
artery disease, arterial hypertension, diabetes mellitus, and
atrial fibrillation was similar in the two groups. Presence of
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Fig. 2. Patient selection flowchart. Overall, 297 patients were identified with local echocardiography available in our database. 254 had 3D
acquisitions available, out of whom 174 patients formed the final study group having appropriate 3D dataset for RV volumetric analysis.
Please note that 3D acquisitions (especially RV-focused views) were not part of the routine echocardiographic protocol, which justifies the
relatively high drop-out. HFrEF: heart failure with reduced ejection fraction; HTX: heart transplantation; MVR: mitral valve regurgitation;

RV: right ventricular

significant (defined as moderate or severe) valvular re-
gurgitations was also comparable (Table 1). Concerning con-
ventional and 3D echocardiographic characteristics, patients
who died had higher LVESVi, along with a lower LVEF and
LV GLS. However, LVEDVi, LVSVi, and LVMi were similar.
LV diastolic function measures, including E/A and E/e’ ratios,
did not differ either. The group with adverse outcome had
significantly higher RVEDVi, RVESVi but RVSVi was similar.
Among RV functional parameters, RVEF along with FAC and
2D free wall longitudinal strain, was significantly deteriorated
in patients who experienced adverse outcomes. Importantly,
however, TAPSE and RVSP did not differ.

By univariate Cox analysis, among the left-heart echo-
cardiographic parameters only LVEF (HR [95% CIJ: 0.973
[0.950-0.997], P < 0.05), and LV GLS (1.075 [1.009-1.146],
P < 0.05) were significantly associated with the primary
endpoint, whereas LV volumes, LVMi, and diastolic func-
tion parameters were not. Concerning the metrics of the
right heart, beyond RVEDVi, RVESVi, FAC, and 2D free
wall longitudinal strain, RVEF (HR [95% CI]: 0.945 [0.908-
0.984], P < 0.01) was found to be associated with adverse
outcomes, while TAPSE and RVSP were not (Table 2).

Using ROC analysis, we have investigated the relative
discriminatory power of RV systolic function parameters
(TAPSE, FAC, free wall longitudinal strain, RVEF) in predicting
the primary endpoint. Among these metrics, RVEF exhibited
the highest AUC value (0.679; 95% CI: 0.566-0.791) compared
with the other RV functional measures (Table 3). TAPSE and
RVEF were directly compared by their ROC curves and by the
outcome of the patient subgroups dichotomized at the calcu-
lated optimal cut-offs of each parameter on Fig. 3.

Discussion

Using 3DE, we have investigated a diverse patient popula-
tion with left-sided heart diseases who underwent specific

cardiac interventional or surgical procedures. We found that
the conventional echocardiographic measurements may be
inadequate to support a granular risk stratification; however,
RVEF may be a robust clinical parameter significantly
associated with adverse outcomes.

Compared to the relatively simple conical shape of the
LV, the RV’s morphology and contraction pattern are rather
complex [9]. The biplane Simpson’s method (by contouring
the LV endocardial border in both the apical four- and two-
chamber views) provides an easy and relatively accurate
quantification of LV volumes and, therefore, widely used in
the clinical practice. However, there is no similar, 2D-based
approach concerning the right ventricle [5]. Thus, surrogate
measures of RV systolic function are applied in the echo-
cardiographic routine having severe shortcomings. TAPSE,
s’ wave by tissue Doppler imaging and even longitudinal
strain by speckle tracking refers only to the longitudinal
shortening of the RV in a single apical four-chamber cut and
neglects two other “axes” of geometry and function: the
radial and the anteroposterior. The radial (inward) motion
of the RV free wall results in the so-called “bellows effect”,
while by the traction of the free wall insertion lines, the LV
circumferential contraction also contributes to RV stroke
volume (as seen by the anteroposterior shortening of the
chamber) [9]. Conventionally, the RV longitudinal short-
ening was considered the most important determinant of RV
global function; therefore, there is a strong clinical belief that
TAPSE is the one-stop shop of RV function. However, our
research group recently explored in healthy volunteers, that
the radial and the anteroposterior motion directions are at
least equally important [10]. FAC partly reflects radial di-
rection, but still, this measurement is performed on a single
cut of complex 3D structure. Routine 2D echocardiographic
measurements entirely neglect anteroposterior motion [11,
12]. Relatively small amounts of inward movement in these
directions can produce significant stroke volume due to the
massive surface of the RV free wall. These results per se

Unauthenticated | Downloaded 05/02/23 05:29 PM UTC



134 Predictive value of RV ejection fraction

IMAGING 13 (2021) 2, 130-137

Table 1. Baseline clinical and echocardiographic characteristics of the study population

All (n = 174) Alive (n = 150) Dead (n = 24) P-value
Demographics, anthropometrics, medical history

Age, years 62.3 + 13.5 61.4 + 13.7 68.1 + 10.4 0.026
Male, n (%) 126 (72.4) 108 (72) 18 (75) 0.953
Height, cm 1734 + 12.2 173.6 + 12.4 1719 £ 11.1 0.867
Weight, kg 79.2 £ 15.7 78.8 + 14.8 82.5 + 20.7 0.796
Body surface area, m* 1.9+0.2 1.9+02 2+03 0.700
Systolic blood pressure, mmHg 126.2 + 19.7 127.5 + 18.6 118.9 + 249 0.460
Diastolic blood pressure, mmHg 74.7 + 16.5 753 +17.3 71.1 + 11.5 0.353
Serum creatinine level, pmol/l 97.8 + 39.3 96.7 + 39.6 104.5 + 37.7 0.380
Coronary artery disease, n (%) 38 (22) 33 (22) 5 (21.7) 1.000
Hypertension, n (%) 113 (65.3) 98 (65.3) 15 (65.2) 1.000
Diabetes mellitus, n (%) 39 (22.5) 33 (22) 6 (26.1) 0.866
History or present atrial fibrillation, 60 (34.7) 52 (34.7) 8 (34.8) 1.000

n (%)
Moderate or severe mitral 82 (47.1) 70 (46.7) 12 (50) 0.933

regurgitation, n (%)
Moderate or severe tricuspid 21 (12.1) 16 (10.7) 5 (20.8) 0.279

regurgitation, n (%)

Echocardiographic parameters

LVEDVi, ml/m? 94.8 + 32.6 93.7 + 32.7 102.6 + 30.9 0.139
LVESVi, ml/m? 52.3 + 30.5 50.6 + 30.3 64 + 30 0.026
LVSVi, ml/m? 42.6 +19.2 43.1 + 19.6 38.6 + 16.3 0.348
LVEF, % 47.5 + 17.5 48.6 + 17.4 39.6 + 16.3 0.009
LVMi, g/m2 113.8 + 37 112.9 + 36.2 119.8 + 42.3 0.385
LVGLS, % —155 + 7.4 —-16 + 7.3 —-121 + 7.3 0.017
E/A 1.6 + 0.7 1.6 + 0.7 1.7 £ 0.8 0.639
Deceleration time, ms 183.1 + 67.1 182.5 + 66.4 186.6 + 72.9 0.998
Mitral lateral annular €', cm/s 10.3 + 3.5 10.3 + 3.6 9.9 + 3.2 0.763
Mitral medial annular €', cm/s 72 + 2.8 73+ 2.8 6.1 +24 0.091
E/e 12 £ 55 11.8 + 5.6 13.1 + 4.8 0.122
RV basal diameter, mm 30.5 + 8.3 30.1 + 8.1 328 +95 0.160
RVEDVi, ml/m? 75.5 + 25 73.8 + 24 85.8 + 28.7 0.037
RVESVi, ml/m?” 41.1 + 18.7 39.5 +17.3 51.5 + 24.2 0.009
RVSVi, ml/m? 343 + 10.8 343 + 11.1 344 + 89 0.730
RVEF, % 46.9 + 9 47.6 + 8.8 42.2 + 9.2 0.005
TAPSE, mm 20.2 + 6.6 20.6 + 6.8 18 + 4.2 0.118
FAGC, % 41.1 + 8.7 41.7 + 8.5 37.6 + 9.5 0.037
RV free-wall longitudinal strain, % —23.6 +7 —24.1 +£ 6.9 —20.5 + 7.1 0.024
RVSP, mmHg 36.5 + 14.9 36.1 + 15 38.7 + 14.7 0.313

EDVi: end-diastolic volume index; EF: ejection fraction; ESVi: end-systolic volume index; FAC: fractional area change; GLS: global
longitudinal strain; LV: left ventricular; Mi: mass index; RV: right ventricular; SP: systolic pressure; SVi: stroke volume index; TAPSE:

tricuspid annular systolic excursion.

support the use of 3DE, but the mechanical patterns that
evolve in different cardiac diseases are reinforcing it. For
example, in pathological states accompanied by RV pressure
overload, the radial motion of the RV free wall deteriorates,
and longitudinal shortening is maintained long during the
disease course [13]. Therefore, TAPSE (and other measures
of RV longitudinal contraction) will not be able to capture
subtle dysfunction in the early phases and overestimate
global function. After cardiac surgeries that apply peri-
cardiotomy, the loss of pericardial constraint results in the
loss of longitudinal shortening compensated by radial free
wall motion maintaining global RVEF [14, 15]. In these
cases, TAPSE will underestimate global function [8]. As the
mechanical pattern and thus, the relative usefulness of the

surrogate 2D measures vary, only RVEF by 3DE represents
an integrative measure that is robust and informative,
independently of the clinical scenario. This feature makes
RVEF a good candidate for predicting prognosis even in
unselected, diverse patient populations.

Nagata and colleagues published one of the first publi-
cations that described the predictive value of RVEF by 3DE
[16]. They investigated 446 patients with various cardio-
vascular diseases and followed them up to record cardiac
death and major adverse cardiovascular events (MACE).
RVEF was significantly associated with future cardiac death
and MACE (similar to E/e” and LVEF) and was significantly
related to future cardiac events after adjusting for relevant
clinical and echocardiographic parameters. Later, Surkova
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Table 2. Univariate Cox proportional hazards models concerning the primary endpoint of 2-year all-cause mortality

HR [95% CI for HR] P-value
LVEDVi 1.007 [0.996-1.019] 0.226
LVESVi 1.012 [1-1.023] 0.052
LVSVi 0.987 [0.961-1.013] 0.312
LVEF 0.973 [0.95 - 0.997] 0.026
LVMi 1.005 [0.994-1.015] 0.402
LVGLS 1.075 [1.009 - 1.146] 0.025
E/A 1.136 [0.61-2.113] 0.688
Miitral lateral annular €' 0.968 [0.849-1.104] 0.626
Mitral medial annular €' 0.842 [0.687-1.031] 0.096
E/e 1.03 [0.966-1.097] 0.367
RVEDVi 1.017 [1.003 - 1.031] 0.020
RVESVi 1.027 [1.01 - 1.045] 0.002
RVSVi 1.002 [0.966-1.039] 0.931
RVEF 0.945 [0.908 - 0.984] 0.006
TAPSE 0.943 [0.884-1.007] 0.078
FAC 0.951 [0.907 - 0.996] 0.032
RV free-wall longitudinal strain 1.071 [1.01 - 1.135] 0.021
RVSP 1.01 [0.986-1.035] 0.418

CL: confidence interval; EDVi: end-diastolic volume index; EF: ejection fraction; ESVi: end-systolic volume index; FAC: fractional area
change; GLS: global longitudinal strain; HR: hazard ratio; LV: left ventricular; Mi: mass index; RV: right ventricular; SP: systolic pressure;
SVi: stroke volume index; TAPSE: tricuspid annular systolic excursion.

Table 3. Comparison of the discriminatory power by receiver-operator characteristic analysis of right ventricular systolic function
parameters concerning the primary endpoint of 2-year all-cause mortality

AUC [95% CI] Optimal cut-off Sensitivity Specificity
RVEF 0.679 [0.566-0.791] 48.2 % 0.57 0.79
TAPSE 0.600 [0.501-0.698] 24.0 mm 0.35 0.96
FAC 0.630 [0.495-0.766] 341 % 0.80 0.52
RV free-wall longitudinal strain 0.643 [0.515-0.771] —19.4 % 0.57 0.75

AUC: area under the curve; CI: confidence interval; FAC: fractional area change; RV: right ventricular; RVEF: right ventricular ejection

fraction; TAPSE: tricuspid annular systolic excursion.

and coworkers confirmed in 394 patients (again with various
cardiovascular diseases) that RVEF was associated with all-
cause mortality and cardiac death and the impairment of
RVEF carried a significantly higher risk of mortality inde-
pendent of LVEF [2]. The latter two groups also determined
those cut-offs of RVEF values that separate the cohorts ac-
cording to the risk and, therefore, suggested to be applied in
the routine clinical practice (45%, 40%, and 30%) [17].
Our results add to this current knowledge by investigating
a higher-risk population (dominantly HFrEF patients or pa-
tients with severe valvular heart disease) — higher risk, not just
in terms of current functional status, but also because of the
previous or upcoming invasive procedures and related po-
tential adverse events [8, 18]. Moreover, we compared head-
to-head the conventionally used parameters and RVEF and
showed the superior discriminatory power of the latter in
predicting 2-year all-cause mortality. The optimal cut-off
points identified during ROC analysis were close to the ones
defined by current recommendations in terms of RVEF, FAC,
and 2D free wall longitudinal strain. However, regarding
TAPSE, it was 24 mm, which is a clear normal value as RV
dysfunction is generally suggested below 17 mm [5]. This

result also highlights that TAPSE cannot be used in general,
and the exact clinical scenario has to be taken into consid-
eration. We may hypothesize that mainly the MVR popula-
tion can bias that value: a dominant (“supernormal”)
longitudinal shortening is suggested to be a sign of adverse
functional remodeling in patients with severe MVR that is
also associated with short-term, perioperative outcomes [8].

Limitations

Several limitations have to be acknowledged. First, the case
number is rather limited, and we did not assess long-term
outcomes in our current study. We also did not have the
power to separately assess the importance of the different
etiologies on our results. However, the specific cardiac
procedures give a framework to our results that still makes
them unique, and the predictive value of RVEF could be
established even in the short term. Second, we could not
construct multivariate models due to the relatively low event
number. Inclusion criteria consist of the availability of 3DE
acquisitions suitable for RVEF measurement that may
represent a selection bias: patients with poor echo windows
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Fig. 3. (Central IHlustration). Comparison of the discriminatory power of tricuspid annular plane systolic excursion (TAPSE) versus right
ventricular ejection fraction (RVEF) by receiver-operator characteristic analysis concerning the primary endpoint of 2-year all-cause mortality.
Outcomes of the patient subgroups dichotomized at the calculated optimal cut-offs of each parameter are visualized on Kaplan-Meier curves

or higher body mass may be underrepresented. The inclu-
sion of the HTX cohort could be a matter of debate. These
patients have already undergone surgery and represent a
different clinical and hemodynamic scenario than the
“standard” left-heart disease populations. It is important to
highlight that in the case of the MVR patients, the mecha-
nism of preoperative RV dysfunction is also different from
HFrEF, because all of them had maintained LV and RVEF as
per the previous prospective study’s exclusion criteria [8].
However, we aimed to capture a more comprehensive cohort
with different RV adaptation patterns and show that RVEF
is a robust, integrative index of RV function and potential
adverse outcomes. RV 2D free wall longitudinal strain was
assessed using the 3D dataset and not using the conventional
approach (2D speckle tracking on apical four-chamber
view); therefore, the clinical value of this measurement could
be underestimated. Lastly, patients’ functional status, natri-
uretic peptide levels, and tricuspid annular velocities by
tissue Doppler imaging have not been recorded consistently
and therefore, have not been evaluated.

Conclusions

In an aggregate patient population undergoing tertiary car-
diology care with various cardiac procedures, we found that

RVEEF assessed by 3DE is associated with 2-year all-cause
mortality and outperforms conventional measures of RV
function in the prediction of adverse outcomes. Our results
support the everyday clinical use of 3DE as it provides
meaningful additional information for disease diagnosis and
prognostication. Further, larger-scale studies involving more
specific patient populations are warranted to establish the
value of RVEF measurement in predicting different end-
points and long-term outcomes.
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