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Left ventricular (LV) systolic dysfunction in cardiac amyloidosis (CA) is associated
with poor prognosis. This study aimed to investigate the prognostic implications of
right ventricular (RV) systolic dysfunction in CA. A total of 93 patients diagnosed
with CA who underwent standard and speckle-tracking echocardiography were
included. During a median follow-up of 17 (5 to 38) months, 42 patients (45%) died.
Nonsurvivors were more likely to present with immunoglobulin light-chain amyloid-
osis and New York Heart Association class III to IV heart failure symptoms. Regard-
ing the echocardiographic characteristics, nonsurvivors had a higher LV apical ratio,
worse LV diastolic function, and worse RV systolic function (evaluated with both tri-
cuspid annular plane systolic excursion and RV free wall strain). RV free wall strain
was independently associated with all-cause mortality in several multivariable Cox
regression models and had incremental prognostic value over conventional parame-
ters of RV function when added to a basal model (including heart failure symptoms,
amyloidosis phenotype, and LV global longitudinal strain). Based on spline curve
analysis and Youden index, a value of 16% for RV free wall strain was identified as
the optimal cutoff to predict outcome and patients with RV free wall strain <16%
had a significantly worse short- and long-term survival during follow-up (1- and 3-
year cumulative survival: 81% vs 31% and 67% vs 20%, respectively, p <0.001). In
conclusion, RV systolic dysfunction is independently associated with poor outcome in
patients with CA and the use of advanced echocardiographic parameters, such as RV
free wall strain, may be of aid for better risk stratification. © 2022 The Author(s).
Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/) (Am J Cardiol 2022;173:120—127)

Introduction

Amyloidosis is a clinical condition caused by the depo-
sition of extracellular misfolded protein aggregates that
interfere with the normal structure and function of the
involved organs.' There are different types of amyloidosis
depending on the precursor protein with 2 main forms
affecting the heart: immunoglobulin light-chain amyloid-
osis (AL) and transthyretin (ATTR) amyloidosis.2’3
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Cardiac infiltration is the major determinant of survival
regardless of the subtype of amyloidosis.” Early diagnosis
is important to timely implement therapy and to improve
outcomes but challenging because the symptoms are non-
specific in the early stages. A high degree of suspicion, par-
ticularly when there is multiorgan involvement and/or
unexplained hear failure with preserved ejection fraction
(EF) determines further evaluation and management. With
the increasing use of advanced noninvasive cardiac imag-
ing techniques, diagnosis could be enhanced and prognos-
tic markers better identified. Echocardiography is an easily
accessible tool and often the first-line imaging modality
used to investigate patients with unexplained heart failure
symptoms. Cardiac amyloidosis (CA) is a biventricular dis-
ease. The prognostic implications of left ventricular (LV)
systolic dysfunction in CA are well established. However,
there are only few studies looking into the association
between right ventricular (RV) systolic function and
survival.”® In addition, other pathologies that may resem-
ble CA, such as hypertensive cardiomyopathy and hyper-
trophic cardiomyopathy, can also affect the LV. In these
situations, assessment of the RV could help in the differen-
tial diagnosis.” In this study, the association between stan-
dard and advanced echocardiographic parameters of LV
and RV systolic function and all-cause mortality were
investigated.
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Methods

Patients diagnosed with CA who underwent echocardio-
graphic assessment at the Leiden University Medical Center
(The Netherlands) or at AZ Sint-Jan Hospital Bruges (Bel-
gium) between April 1999 and December 2019 were retro-
spectively included in the present study. The diagnosis of
CA was based on either endomyocardial biopsy or extracar-
diac biopsy with typical cardiac imaging features.” The
study complies with the Declaration of Helsinki and
received the approval of the institutional review boards.
The medical ethical committee of both hospitals waived the
need of written informed consent because of the retrospec-
tive nature of this study.

Transthoracic echocardiographic images were recorded
using Vivid 7 or E9 ultrasound system (General Electric
Vingmed Ultrasound, Milwaukee, Wisconsin) with patients
at rest in the left lateral decubitus. Echocardiographic data
were stored and measured offline using dedicated software
(EchoPac version 204, General Electric Vingmed Ultra-
sound). Parasternal, apical, and subcostal views were used
to acquire 2-dimensional, color, pulsed, and continuous
wave Doppler data according to current recommendations.”
Standard conventional echocardiographic and 2-dimensional
speckle-tracking echocardiography-derived strain measure-
ments were performed in accordance with the most recent
American Society of Echocardiography and the European
Association of Cardiovascular Imaging guidelines.® LV
end-systolic and end-diastolic volumes were measured on
the apical 2- and 4-chamber views and LVEF was calcu-
lated according to Simpson biplane method.® The apical 2-,
3-, and 4-chamber views were used to derive LV global
longitudinal strain (GLS). LV apical ratio was calculated as
the ratio between the average apical strain values and the
average of basal and midventricular strain values. Mitral
and tricuspid valve regurgitation were assessed according to
current guidelines and graded as mild, moderate, or severe.”
RV dimensions (including basal, midcavity, and longitudi-
nal diameters) were measured at end-diastole according to
the current guidelines. Anatomical M-mode was applied on
the focused apical 4-chamber view of the RV to measure
tricuspid annular plane systolic excursion (TAPSE). RV
strain analysis was obtained from the RV-focused apical 4-
chamber view with the reference point placed at the begin-
ning of the QRS complex. The endocardial border was
traced automatically by the software after setting the refer-
ence points at the septal and lateral borders of the tricuspid
annulus and the apex. The automatic tracings were adjusted
manually to ensure optimal tracking throughout the cardiac
cycle. The RV free wall strain was calculated as the aver-
age value from the 3 RV free wall segments.'’ Pulmonary
artery systolic pressure was derived from the peak tricuspid
regurgitation velocity using the simplified Bernoulli equa-
tion, adding the right atrial pressure estimated from inferior
vena cava diameter and collapsibility.® In patients with
atrial fibrillation, for all echocardiographic measurements,
the average of 3 to 5 beats was considered.

Low-voltage ECG was defined as a QRS voltage ampli-
tude <0.5 mV in all limb leads, <1 mV in all precordial
leads, or the sum of the S wave in V; and R wave in V5 or
Ve <1.5mV."!

All patients were followed up for the occurrence of all-
cause mortality. Survival data were ascertained from the
Social Security Death Index and medical records and were
complete for all patients.

Statistical analysis was performed using SPSS version
25.0 (SPSS, Armonk, New York) and in R environment
(version 4.0.1, R Foundation for Statistical Computing).
Normality was visually assessed by comparing histograms
of the sample data to a normal probability curve. Continu-
ous variables were presented as mean £ SD or median and
interquartile range as appropriate. Categoric variables were
reported as frequencies and percentages. The differences
between survivors and nonsurvivors during the follow-up
were compared using the ¢ test and Mann-Whitney U test
for continuous variables and the chi-square test for cate-
goric variables. Considering the limited number of events
and to avoid overfitting of the models, several multivariable
Cox proportional hazard regression analyses were per-
formed to assess the clinical and echocardiographic factors
that were independently associated with all-cause mortality.
Possible confounders with a significant p value (<0.05) in
the univariable analysis were included in the multivariable
regression analysis. Hazard ratios (HRs) and 95% confi-
dence intervals were calculated. A spline curve was fitted to
assess the HR change for all-cause mortality across a range
of RV free wall strain values. Receiver operating character-
istic curve was used to characterize the prognostic value of
RV free wall strain to predict survival. The Youden index
and the spline curve analysis were used to define a prognos-
tic relevant cut-off value of RV free wall strain. The
Kaplan-Meier curves were used to estimate the 1- and 3-
year survival rates, and differences between groups were
analyzed using the log-rank test. A 2-sided p <0.05 was
considered statistically significant.

Results

A total of 93 patients with CA were included in the pres-
ent study. Endomyocardial biopsy-proved diagnosis was
available in 39 patients (42%) and the remaining patients
were diagnosed by extracardiac biopsy with characteristic
cardiac features on echocardiography, cardiac magnetic res-
onance, or bone scintigraphy imaging. During a median fol-
low-up of 17 (5 to 38) months, 42 patients (45%) died. The
baseline clinical characteristics of the overall population,
survivors, and nonsurvivors are presented in Table 1. Over-
all, the median age was 73 (63 to 80) years, 73% were
male, 27% presented with New York Heart Association
(NYHA) class III to IV heart failure symptoms and more
than half of the patients (55%) had chronic kidney disease.
In the per-group analysis, survivors had similar age, cardio-
vascular risk factors, and co-morbidities compared with
nonsurvivors. However, compared with survivors, patients
who died during follow-up were more likely to be diag-
nosed with AL amyloidosis had more severe heart failure
symptoms (i.e., NYHA class III to IV) and used less angio-
tensin-converting enzyme inhibitors or angiotensin-II
receptor blockers.

The conventional and deformation echocardiographic
parameters are presented in Table 2. Overall, the mean LV
mass and RV free wall thickness were increased, mean left



122 The American Journal of Cardiology (www.ajconline.org)

Table 1

Clinical characteristics

Variable Total (n=93) Survivors (n=51) Nonsurvivors (n=42) p value
Age, years 73 (63—80) 77 (66—81) 69 (61-78) 0.064
Men 68 (73%) 38 (75%) 30 (71%) 0.739
Amyloid light-chain phenotype 31 (33%) 10 (20%) 21 (50%) 0.002
Amyloid transthyretin phenotype 47 (51%) 35 (69%) 12 (29%) <0.001
Low QRS voltage 33 (36%) 13 (26%) 20 (49%) 0.021
New York Hear Association class III-IV 25 (27%) 8 (16%) 17 (41%) 0.007
Body mass index (kg/m?) 25+4 25+4 24 £4 0.103
Diabetes mellitus 16 (17%) 10 (20%) 6 (14%) 0.499
Hypertension 46 (50%) 31(61%) 15 (36%) 0.016
Dyslipidemia 34 (37%) 23 (45%) 11 (26%) 0.060
Current or former smoker 28 (30%) 17 (33%) 11 (26%) 0.455
Atrial fibrillation 23 (25%) 12 (24%) 11 (26%) 0.767
Family history of coronary artery disease 10 (11%) 6 (12%) 4 (10%) 0.728
Coronary artery disease 21 (23%) 14 (28%) 7 (17%) 0.238
Chronic kidney disease 51 (55%) 29 (57%) 22 (52%) 0.666
Polyneuropathy 8 (9%) 4 (8%) 4 (10%) 0.774
Beta blocker 44 (47%) 27 (53%) 17 (41%) 0.231
Anti-arrhythmic 9 (10%) 4 (8%) 5 (12%) 0.510
Renin angiotensin aldosterone system inhibitor 38 (41%) 26 (51%) 12 (29%) 0.029
Diuretic 61 (66%) 30 (59%) 31 (74%) 0.130
Mineralocorticoid receptor antagonists 29 31%) 16 (31%) 13 (31%) 0.965
Statin 40 (43) 28 (55) 12 (29) 0.011

atrial volumes were dilated, LV filling pressures were
increased (mean E/e’ >14) in 51% of the patients and mean
pulmonary pressures were slightly above the upper normal
range. The median LVEF was preserved, whereas more
advanced parameters of LV systolic function, such as mean
LV GLS, were impaired. In the per-group analysis, nonsur-
vivors had smaller left and right atrial volumes, lower
stroke volume, higher LV apical ratio, and more impaired

indexes of LV diastolic function than survivors. In addition,
patients who died during follow-up had more impaired RV
systolic function (evaluated with both TAPSE and RV free
wall strain).

Univariable Cox regression analysis was performed to
characterize the relation between patient characteristics and
outcomes. As shown in Table 3, NYHA class III to IV heart
failure symptoms, amyloidosis phenotype, LVEF, stroke

Table 2

Echocardiographic characteristics

Variable Total (n=93) Survivors (n=51) Nonsurvivors (n=42) p value
Interventricular septum thickness (mm) 15 (13—-17) 15(13—17) 15 (14—17) 0.602
LV end-diastolic diameter (mm) 44 (40—48) 45 (41-49) 43 (38—48) 0.169
LV end-diastolic volume (ml/m?) 52+ 17 53+ 16 50+ 18 0.398
LV mass (g/m?) 131 (101—-170) 130 (101—165) 139 (100—177) 0.663
Left atrial volume (ml/m?) 37 (19-52) 45 (26—53) 23 (15—49) 0.005
LV ejection fraction (%) 60 (50—65) 61 (50—65) 59 (47—64) 0.419
Stroke volume (ml/m?) 348 +11.8 393+ 12.0 302+£9.6 0.001
LV global longitudinal strain (%) 13+4 13+3 12+5 0.090
LV apical ratio > 1 36 (40%) 12 (26%) 24 (57%) 0.002
RV free wall thickness (mm) 7(6-9) 7(6-9) 7(6-9) 0.254
E/A 1.1 (0.7—1.5) 1.2 (0.8—1.7) 0.9 (0.6—1.3) 0.024
E/e’ 15 (10-21) 12 (8—16) 18 (13-27) <0.001
Ele’ > 14 40 (51%) 16 (36%) 24 (69%) 0.004
E deceleration time (ms) 181 (152-236) 188 (154—249) 178 (151-227) 0.442
PA systolic pressure (mm Hg) 36 £ 12 36 +11 35+13 0.809
Right atrial volume (ml/m?) 23 (13—-38) 28 (17—-41) 16 (12—30) 0.009
RV basal diameter (mm) 38+7 38+6 38+7 0.934
RV mid diameter (mm) 29+6 29+£5 29+6 0.860
Tricuspid annular plane systolic excursion (mm) 18+ 6 20+5 15+5 <0.001
Tricuspid annular plane systolic excursion <17 mm 41 (45%) 15 (29%) 26 (63%) 0.001
Fractional area change (%) 41+9 42+ 8 40+ 10 0.338
Fractional area change < 35% 20 (23%) 8 (17%) 12 (29%) 0.156
RV free wall strain (%) 18 (14—24) 22 (17-26) 14 (11-18) <0.001
RV free wall strain < 16% 33 (35%) 7 (14%) 26 (62%) <0.001

LV = left ventricular; PA = pulmonary artery; RV =right ventricular.
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volume index, LV GLS, LV apical ratio, TAPSE, RV frac-
tional area change, RV free wall strain, and mean E/e’ ratio
were all associated with all-cause mortality. Due to the lim-

Variable Univariable analysis ) ’ . .
ited number of events to avoid overfitting, several multivar-
HR  95% CI p value . . .
iable Cox regression models were built and RV free wall
Age 101 0.98-1.03  0.606 strain remained independently associated with all-cause
Male o 0.68 034-134 0261 mortality in all of them (Table 4). As shown in Figure 1,
iew lY(:irll( I‘LearLASSOCIa“OH class III-IV %;‘3 }gg_;‘i é gggi both conventional and advanced parameters of RV systolic
myloid light-chain type ‘ e : function showed incremental prognostic value when added
Body mass index 094 0.85-1.03 0.193 . . .
Diabetes mellitus 102 043—244 0960 to a basal model (including NYHA functional class, amy-
Hypertension 061 032—1.17  0.135 loidosis phenotype, and LV GLS). .The quel that included
Dyslipidemia 081 040—1.64 0562 advanced parameters of RV systolic function (i.e., RV free
Atrial fibrillation 137 068=275 0.379 wall strain) showed the highest predictivity (i.e., chi-square
Beta blockers 0.67 036-124  0.198 value) compared with the other parameters of RV systolic
Renin angiotensin aldosterone system 0.53 0.27-1.04  0.066 function.
inhibitors To further investigate the relation between all-cause
Diuretic 165 083-329  0.157 mortality and RV free wall strain, a spline curve was fitted.
Mineralocorticoid receptor antagonists 1.01  0.53-1.95 0.973 As shown in Figure 2, the HR for all-cause mortality
Stat,m . 0.36  029-1.10 0.095 steadily increased from lower to higher values of RV free
Anti-arrhythmic 1.11  044-2.84 0.824 .
. . wall strain and was equal to 1 (neutral effect) at 16%. The
Interventricular septum thickness 1.06 097-1.16  0.201 .
Left ventricular end-diastolic diameter 097 0.92-1.01 0.167 use.Of 16% as a prognostic cut-off Yalue of RY free wall
Left ventricular mass 100 1.00-1.01 0242 strain was also supported by the receiver operating charac-
Left atrial volume 099 097—1.01 0253 teristic curve and Youden index which was the highest at
Right atrial volume 0.99 097-1.01  0.289 16% (with a sensitivity of 0.863 and a specificity of 0.643
Left ventricular ejection fraction 098 0.95-1.00  0.047 to predict patient survival). At baseline echocardiographic
Stroke volume 095 092-0.99  0.005 assessment, 60 patients (65%) presented with preserved RV
Left ventricular global longitudinal strain ~ 0.89  0.82—0.97  0.010 systolic function (RV free wall strain >16%), whereas 33
]%e,ft Ver_lglc‘ﬂarl ap‘Tal ratio 21,1 ) ggi ég;‘_ggi 88(3)? (35%) had impaired RV systolic function (RV free wall
ricuspid annular plane systolic excursion 0. potlbe ‘ strain <16%). During follow-up, 23 of all deaths (55%)
Fractional area change 0.96 0.92—-0.99  0.020 . . . .
. . . occurred in the first 12 months, including 16 deaths in
Right ventricular free wall strain 0.88 0.84-0.93  <0.001 . . L. .
Mean E/e’ 104 1.02—106 <0.001 patients with 'RV systghc impairment. The overall 1- and 3-
Pulmonary artery systolic pressure 1.02  0.98-1.05 0.319 Year cumulative SuerYal rates were 63% .and: 49%, respec-
tively. The Kaplan-Meier curves showed significantly lower
Table 4
Multivariable Cox regression models for all-cause mortality
Variable Multivariable model 1 Multivariable model 2 Multivariable model 3
HR 95% CI P value HR 95% CI P value HR 95% CI P value
NYHA class III-IV 1.38 0.72—-2.64 0.336 1.85 0.94-3.63 0.076 1.35 0.63—2.91 0.443
AL type 2.23 1.15-4.29 0.017 1.98 1.05-3.75 0.035 1.81 0.93-3.53 0.082
SVi 0.98 0.94—1.02 0.222
LV GLS 0.92 0.86—0.99 0.021
TAPSE 0.92 0.87—0.98 0.005
RV FWS 0.89 0.84—-0.95 <0.001 0.90 0.85—0.96 0.001 0.89 0.83—0.95 <0.001
Variable Multivariable model 4 Multivariable model 5 Multivariable model 6
HR 95% CI P value HR 95% CI P value HR 95% CI P value
NYHA class III-IV 1.83 0.91-3.69 0.089 1.17 0.49—-2.81 0.730 1.55 0.79-3.05 0.201
LVEF 1.00 0.97—-1.03 0.826
SVi 0.98 0.94—1.02 0.332
LV AR >1 1.15 0.58—2.28 0.682
TAPSE 0.93 0.88—0.99 0.024
FAC 0.98 0.94—1.02 0.324
RV FWS 0.91 0.86—0.97 0.002 0.89 0.83—0.96 0.003 0.91 0.86—0.97 0.005
E/e’ 1.03 1.00—1.05 0.021

AL = amyloid light-chain; FAC = fractional area change; LV AR = left ventricular apical ratio; LVEF = left ventricular ejection fraction; LV GLS = left
ventricular global longitudinal strain; NYHA = New York Heart Association; RV FWS = right ventricular free wall strain; SVi = stroke volume index;
TAPSE = tricuspid annular plane systolic excursion.
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XZ 40 p value <0.001
35 p value = 0.011
30
p value = 0.038
25 ' ;
20
- - .
10
Basal model + FAC + TAPSE + RV free wall strain

Figure 1. Incremental prognostic value of RV free wall strain over conventional parameters of RV systolic function. The bar charts represent the predictivity
(chi-square) of several multivariable Cox regression models. The basal model includes heart failure symptoms, amyloidosis phenotype, and left ventricular
global longitudinal strain. The addition of RV free wall strain to the basal model yielded a higher increment in predictivity compared with conventional
parameters of RV systolic function. FAC = fractional area change.

short- and long-term survival rates in patients with RV sys- Discussion
tolic dysfunction than those with preserved RV systolic
function (1- and 3-year cumulative survival: 81% vs 31% The main findings of the present study can be summa-
and 67% vs 20%, respectively; overall log-rank chi-square: rized as follows: (1) both standard (TAPSE) and advanced
28.33, p <0.001) (Figure 3). (RV free wall strain) echocardiographic parameters of RV
20.1
74
20 =
14
i
105
0.37
0.14
T T T T T T
5 10 15 20 25 30

RV free wall strain (%)

Figure 2. Spline curve analysis for all-cause mortality versus baseline RV free wall strain. The blue line represents the HR for all-cause mortality (with
the overlaid 95% confidence intervals) according to the values of RV free wall strain. The gray density plot at the bottom of the figure illustrates the patient
distribution according to RV free wall strain. The figure demonstrates that lower values of RV free wall strain were associated with higher risk of all-cause
mortality.
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Figure 3. RV FWS and survival in cardiac amyloidosis. The Kaplan-Meier curves show that patients with impaired RV FWS (light-blue line and box) had
significantly worse survival during the follow-up compared with patients with preserved RV FWS (red line and box). FWS = free wall strain.

systolic function show an independent association with all-
cause mortality in patients with CA, even after adjusting for
LV GLS, HF symptoms and amyloidosis phenotype; (2)
RV free wall strain demonstrates the strongest association
with all-cause mortality and has incremental prognostic
value over conventional parameters of RV systolic func-
tion; and (3) an RV free wall strain cut-off value of 16%
shows the greatest sensitivity and specificity to predict
patient survival and may improve risk stratification of
patients with CA.

Amyloidosis is a disease caused by misfolded proteins
that aggregate and deposit as amyloid fibrils. The type of
amyloidosis is based on the biochemical nature of the pro-
tein with the 2 most common types being AL and ATTR
amyloidosis.” It is well known that cardiac involvement is
common in these patients and it is the cardiac involvement
that drives prognosis regardless of the subtype of

amyloidosis.12 Most studies, however, have only focused
on LV involvement.'*'* Nonetheless, the prognostic value
of RV systolic dysfunction in patients with heart failure
(both with reduced and preserved LVEF) is increasingly
recognized.'”'® RV systolic dysfunction may aggravate
heart failure symptoms and increases the risk of cardio-
vascular events by reducing LV cardiac output (through a
reduction in LV preload), thereby enhancing neurohor-
monal activation and compromising end-organ
perfusion.'”'® RV systolic dysfunction may also lead to
venous congestion, leading to renal impairment and
hepatic dysfunction.'” In patients with CA, 2 potential
mechanisms may explain RV involvement: (1) primary
RV infiltration and (2) an increase in RV afterload result-
ing from LV systolic and diastolic dysfunction, which
leads to retrograde transmission of elevated left-sided fill-
ing pressures, pulmonary hypertension, and pulmonary
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vascular remodeling. Although RV abnormalities have
been described in patients with CA,?° less is known about
the prognostic value of RV systolic function in these
patients. In 322 patients with CA, Knight et al’' demon-
strated that impaired TAPSE was independently associ-
ated with worse outcomes. Similarly, in 74 patients with
biopsy-proved AL amyloidosis, Ghio et al’> showed that
TAPSE <17 mm was the only echocardiographic parame-
ter associated with poor survival.

Although the presence of impaired RV systolic function
seems strongly associated with worse outcome, detection of
RV systolic dysfunction by conventional echocardiography
(i.e., TAPSE) remains difficult. TAPSE only measures the
displacement of the lateral annulus, thereby extrapolating
the motion of a single point to the entire ventricle. In addi-
tion, TAPSE is angle- and load-dependent and regional dif-
ferences (which are well known in patients with CA)
cannot be identified. In contrast, RV free wall strain is less
angle- and volume-dependent and is known to have a high
sensitivity for detecting (subclinical) RV systolic dysfunc-
tion.”” In 880 patients with heart failure, Morris et al* dem-
onstrated that RV strain was more sensitive than TAPSE in
detecting RV systolic dysfunction. RV free wall strain also
showed a better correlation with RV EF measured with car-
diac magnetic resonance imaging.”” In 93 patients with CA,
Fine et al’ showed that RV free wall strain was significantly
associated with the primary end point of all-cause mortality
or cardiovascular hospitalization. However, the incremental
value of RV free wall strain over traditional parameters of
RV systolic function (i.e., TAPSE) was not shown. The
present study is in line with these observations and shows
the incremental value of RV free wall strain over TAPSE.

Novel treatment options are emerging that could
improve prognosis in patients with CA. However, these
treatments are expensive and seem most efficient when
started at an early stage of the disease.”® A widely spread
imaging technique such as echocardiography can help to
timely identify patients with CA and improve risk stratifica-
tion in these patients. The present study shows that evalua-
tion of RV involvement by advanced imaging techniques (i.
e., RV free wall strain) improves risk stratification and
should be part of the integrated assessment of CA. Prospec-
tive studies are needed to evaluate the response of the RV
during treatment, which may be helpful to identify patients
in whom continuation of treatment seems useful or futile.

This study is limited by the retrospective, observational
design. A time span of 20 years was used for inclusion of
patients to acquire the large cohort as presented. Cardiac
magnetic resonance imaging was not performed for com-
parison with RV free wall strain measurements. Assessment
of RV free wall strain is vendor-dependent, and values can-
not be compared across different ultrasound platforms.
Heart failure hospitalization as an end point was not avail-
able, and it was not possible to differentiate between car-
diac and noncardiac causes of mortality.

In conclusion, RV systolic dysfunction is independently
associated with poor outcomes in patients with CA and the
use of advanced echocardiographic parameters, such as RV
free wall strain, provides incremental prognostic value
compared with conventional echocardiographic parameters
such as TAPSE.
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