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Abstract

Purpose—Analysis of regional wall motion of the right ventricle (RV) is primarily qualitative
with large interobserver variation in clinical practice. Thus the purpose of this study was to use
feature tracking to analyze regional wall motion abnormalities in patients with arrhythmogenic
right ventricular cardiomyopathy (ARVC).

Materials and Methods—We enrolled 110 subjects (39 overt ARVC [mutation+/phenotype+]
(35.5%), 40 preclinical ARVC [mutation+/phenotype—] (36.3%), and 31 control subjects (28.2%)).
Cine steady state free precession cardiac MR was performed with temporal resolution <40 msec in
the horizontal long axis (HLA), axial, and short axis (SA) directions. Regional strain was analyzed
using feature tracking software and reproducibility was assessed via intraclass correlation
coefficient. Dunnett's test was used in univariate analysis for comparisons to control subjects;
cumulative odds logistic regression was used for minimally and fully adjusted multivariate models.

Results—Strain was significantly impaired in overt ARVC compared to control subjects both
globally (p<0.01) and regionally (all segments of HLA view, p<0.01). In the HLA view, regional
reproducibility was excellent within (ICC=0.81) and moderate between (ICC=0.62) observers.
Using a threshold of —31% subtricuspid strain in the HLA view, the sensitivity and specificity for
overt ARVC were 75.0% and 78.2%, respectively. In multivariable analysis involving all three
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groups, subtricuspid strain less than —31% (beta=1.38, p=0.014) and RV end diastolic volume
(EDV) index (beta=0.06, p=0.001) were significant predictors of disease presence.

Conclusions—RV strain can be reproducibly assessed with MR feature tracking, and regional
strain is abnormal in overt ARVC compared to control subjects.
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Introduction

For the right ventricle of the heart, identification of regional disease by magnetic resonance
(MR) is problematic since quantitative tools to determine regional function are not generally
available. Tagged MR provides quantitative assessment of left ventricular strain, but has not
generally proven to be useful to measure RV strain due to the thinness of the myocardial
wall.(1)

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited cardiomyopathy
with disease frequently presenting with regional dysfunction and enlargement of the right
ventricle.(2) Affected patients typically present during the second to fifth decades of life,
most commonly with palpitations, syncope, or sudden cardiac death.(3-5) Diagnosis is made
based on the Task Force Criteria (TFC),(6) which involves assessment for major and minor
criteria in six categories, including imaging assessment, to detect RV global and'regional
dysfunction, as well as RV enlargement.(6) To date, regional function by MR in ARVC is
only analyzed qualitatively (visually); this can lead to variability between readers and false
positive diagnoses.(7, 8)

Feature tracking is a technique that allows regional motion analysis for which strain
information can be derived. Feature tracking is a post-processing procedure that does not
inherently rely on a particular pulse sequence or modality, and has been applied in the past
to echocardiographic, computed tomography, and magnetic resonance cine sequences.(9)
The primary aim of this study was to determine the feasibility and reproducibility of RV
myocardial strain analysis of cine MR images in ARVC patients via feature tracking in
comparison to control subjects.

Materials and Methods

Study Population

The study population included 110 individuals who were evaluated for ARVC at a large,
urban, tertiary medical center. All subjects prospectively provided written informed consent
and the study was approved by an institutional review board. Patients were selected from a
preexisting database based on availability of genetic and MR data. All selected patients
underwent comprehensive clinical evaluation including MR to determine the presence or
absence of diagnostic TFC for ARVC.(6) Cases included 79 ARVC-associated desmosomal
mutation carriers who were divided in two groups: 1) overt ARVC (those fulfilling

J Magn Reson Imaging. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vigneault et al.

Page 3

diagnostic criteria for ARVC, n=39); and 2) preclinical ARVC (those not fulfilling
diagnostic criteria for ARVC, n=40). All overt patients were diagnosed with ARVC
independently of MR, so that the diagnostic TFC provide an independent standard of
reference. As a control group, we included 31 individuals who were either mutation-negative
family members of mutation-positive ARVC patients (n=9), or subjects without ARVC upon
comprehensive clinical evaluation (n=22) and had been referred for preemptive evaluation or
to rule out ARVC.

MR Acquisition and Analysis

Cine images in the horizontal long axis (HLA), axial, and short axis (SA) planes were
acquired at 1.5 Tesla (Avanto, Siemens Medical Imaging, Erlangen, Germany) using a
balanced, steady state free precession (SSFP) sequence (TR/TE/FA 2.4/1.2/50-75 degrees,
matrix 256-192, field of view 30-36 cm, temporal resolution <40 msec, slice thickness 6-8
mm).

Since little is known about quantitative strain in the RV in ARVC, we approached the
analysis in a stepwise manner: a) global strain (average of all segments) to determine which
MR cine view distinguished overt and control groups; b) segmental (local) strain in various
views to determine if differences between groups were primarily driven by regional
abnormalities; ¢) qualitative reads by radiologists in comparison to quantitative strain
measurements to determine if there is any advantage of quantitative strain analysis.

Quantitative Analysis: Global Metrics

For global metrics, RV and left ventricular (LV) ejection fraction (EF), end systolic volume
(ESV), and end diastolic volume (EDV) were measured with CV142 (Circle Cardiovascular
Imaging; Client Version 248, Server Version 258; Calgary, Alberta, Canada). RV ESV and
EDV were indexed to body surface area (BSA) using the Dubois formula (BSA = body
weight(kg)®-42% x height(cm)®-725 x 0.007184).

Quantitative Analysis: Strain Measurements

For regional analysis, we measured peak longitudinal (HLA and axial) and circumferential
(SA) strain using Multimodality Tissue Tracking (MTT) software (MTT Version 6.0.4725,
Toshiba Medical Systems Corporation, Tokyo, Japan).(10) On SA views, the most basal
slice without right atrium through-plane motion during systole was analyzed. This position
was chosen to optimize detection of abnormalities both at the inferior RV base and anteriorly
at the RV outflow tract. On long axis (HLA and axial) views, the most central slice in which
the valve plane was visible throughout the cardiac cycle was analyzed. Endocardial and
epicardial contours were drawn in a semiautomated fashion from the apical insertion point to
the mitral valve plane in the HLA and axial views and from the anterior to the inferior RV
insertion points in the circumferential view. Contours were based on spline curves, the order
of which is defined internally by the manufacturer. Points along the contour at end diastole
(ED) were used to define a 10x10mm neighborhood, which was matched to a neighborhood
of the subsequent frame within a search window by minimizing the sum of squared
differences between the pixel intensities (Figures 1, 2). The quality of tracking was visually
verified and manually adjusted if necessary. Of the 330 possible MR series, 55 (16.7%) were
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excluded due to poor image quality (poor electrocardiogram gating due to arrhythmia,
patient motion).

The segmentation of the RV for various views is illustrated in Figure 3. In the HLA and axial
views, the RV was segmented into subtricuspid, anterior wall, and apical regions; in the SA
view, the RV was segmented into outflow tract, free wall, angle, and inferior regions. Image
quality was inadequate for feature tracking in 19 (6.9%) regions in the HLA view, 24 (9.1%)
in the axial view, and 14 (3.7%) in the SA view. By convention for strain, segmental
shortening is negative; segments that show greater local contraction have more negative
strain.

Qualitative Readings

Two readers qualitatively assessed wall motion blinded to group assignment and
demographic data (DAB and SLZ, 15 and 5 years of experience in interpreting ARVC,
respectively). Wall motion on the HLA cine views was scored as 1 (normal, no abnormality),
2 (possible abnormality), or 3 (definite abnormality). After independent assessment, the
readers conferred over the cases and decided upon a consensus read. Interobserver
agreement was assessed using the Cohen's kappa coefficient.

Statistical Analysis

Results

Continuous and discrete data are presented as mean (£SD) and 77 (%), respectively. For
continuous data, comparisons to the control group were performed using Dunnett's test,
which inherently accounts from multiple comparisons. Categorical data were compared
using Pearson's 2 test. Univariate and multivariate cumulative odds logistic regression was
used to determine predictors of clinical diagnosis based on regional strain and clinical risk
factors. Model selection was performed using stepwise backward selection based on
Akaike's information criterion. Intra- and inter-observer reproducibility of strain
measurements was evaluated visually by Bland-Altman analysis; correlation was assessed
by intraclass correlation coefficient (ICC). For ICC, a value =0.75 was considered excellent,
<0.75 and =0.40 moderate, and <0.40 poor. All statistical analysis was performed using R
(v3.1.0). P-values <0.05 were considered significant.

Baseline Characteristics

MR images from 110 subjects (39 overt ARVC [mutation+, phenotype+] (35.5%), 40
preclinical ARVC [mutation+, phenotype—] (36.3%), and 31 control subjects (28.2%)) were
evaluated. Clinical characteristics of the study population are shown in Table 1. The average
age was 33.3 years (+£15.8); 54 (49.1%) of patients were female. Age and gender were
similar between the groups. As expected, RV EF was lower and RV EDV Index was greater
in overt ARVC relative to control subjects; there were no significant differences in LV
function or dimension between groups (Table 1). Patients with preclinical ARVC were
similar to control subjects for all global metrics.

J Magn Reson Imaging. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vigneault et al.

Page 5

Global (Average) Strain Analysis

As shown in Table 2, global strain magnitude was lower in overt ARVC compared to control
subjects in all MR views (p<0.0001, p=0.017, and p<0.01 for HLA, axial, and SA views,
respectively). However, the greatest strain differences between overt ARVC subjects and
control subjects were in the HLA view (—19.3% versus —27.7%, respectively, p<0.0001),
corresponding to 30.3% ((27.7% — 19.3%)/27.7%*100%) lower strain in overt subjects.
Global strain was similar between control subjects and patients with preclinical ARVC.
Global strain was not related to either gender or age (p=NS).

Regional Strain Analysis

Table 3 shows strain by region for the HLA, axial, and SA views. We began by comparing
the overt ARVC and control groups, since regional strain was expected to be most different
for those groups. In the HLA view (Table 3), strain magnitude was lower in overt ARVC
compared to control subjects for the subtricuspid (p<0.001), anterior wall (p<0.01), and
apical (p<0.01) regions. In the axial view, only the apical segment showed differences in
strain for the overt versus the control subjects (p=0.04). In the short axis view, only the free
wall (p<0.001) and angle (p=0.045) segments showed lower strain for the overt versus the
control subjects. Thus, we concluded that the HLA view was most likely to discriminate
overt ARVC from control subjects. Using a cutoff of greater (more negative) than —31% as
normal subtricuspid strain in the HLA view, overt ARVC patients were separated from
control subjects with 75.0% sensitivity and 78.2% specificity.

For evaluation of the preclinical (mutation+/phenotype-) group, some patients with early
disease may have subtle signs of ARVC such as regional wall motion abnormality while
other patients may never develop a full ARVC phenotype. Thus, for a sufficiently large
sample size, RV strain may be on average intermediate between control and overt ARVC
subjects. Indeed, in the HLA view, regional strain in the preclinical group was intermediate
between control and overt groups (Table 3 (middle column) and Figure 4 (green bars)).
Using the —31% cutoff described above, 13/34 (38.2%) patients in the preclinical group
showed reduced (less negative) subtricuspid strain. Preclinical patients with abnormal strain
were more often male (n=10/13 [77%] vs. 10/21 [48%], p=0.092) and older (30.5 + 18.6 vs.
27.5 + 15.4 years, p=0.621) than preclinical subjects with normal strain. Interestingly,
compared to individuals with normal strain, subjects with abnormal strain were significantly
more likely to have other minor clinical abnormalities in addition to their genetic
predisposition (n=10/13 [77%] vs. n=7/21 [33%], p=0.013).

We performed multivariable analyses to determine the independent predictive value of
regional strain for presence or absence of disease. Abnormal HLA strain in the subtricuspid
region (defined as less negative than —31% subtricuspid strain) was considered the predictor
variable of interest in the multivariable analysis. As shown in Table 4, abnormal subtricuspid
strain was an independent predictor of ARVC diagnosis (beta 1.38, p=0.014) in
multivariable analysis controlling for gender, RV EF and RV EDV index, while RV EF was
not significant in the multivariable model.
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Comparison of Strain with Qualitative Radiologist Interpretation

Cohen's kappa coefficient for DAB vs SLZ was 0.78, indicating moderate interobserver
reproducibility. A consensus wall motion abnormality rating of ‘Definitely Abnormal’ was
specific but not sensitive for overt ARVC (specificity 95.7% versus sensitivity 44.4%). A
consensus wall motion abnormality rating of either ‘Definitely Abnormal’ or ‘Possibly
Abnormal’” was moderately sensitive and specific for overt ARVC (sensitivity 55.6% versus
specificity 63.8%).

We compared the diagnostic accuracy of abnormal qualitative wall motion (defined by
radiologists as “Possibly” or “Definitely” abnormal) to abnormal subtricuspid strain (less
negative than —31%) between overt ARVC and control subjects. As shown in Figure 5,
abnormal subtricuspid strain reduced the false positive rate (FPR) from 50% (n=15/30) to
22% (n=5/23), while simultaneously reducing the false negative rate (FNR) (44% [n=16/36]
vs. 25% [n=6/24]). In addition, accuracy increased from 53% (n=35/66) to 77% (n=36/47)
(Figure 5).

Strain Reproducibility

Forty randomly selected cases were reanalyzed for intra- and inter-observer reproducibility.
As shown in Supplemental Figure 1, intracbserver agreement was excellent in the HLA view
(ICC=0.81) and moderate in the axial (ICC=0.66) and SA view (ICC=0.70). Interobserver
agreement was moderate in HLA, axial, and SA views (ICC=0.62, 0.60, and 0.61,
respectively).

Discussion

Qualitative determination of abnormal contraction patterns in the RV is currently a
diagnostic problem for imaging physicians, due to the unusual shape and variations in
contraction patterns of the RV. Using quantitative metrics, we assessed regional RV
myocardial strain through MR feature tracking in a cohort including control, preclinical, and
overt ARVC subjects. We showed that quantitative strain measurements were moderately
reproducible within and between observers. Globally, strain magnitude was significantly
lower in overt ARVC compared to control subjects in all MR views. However, regional
strain measured in the HLA view showed the greatest differences between control and overt
ARVC subjects. Regionally, subtricuspid strain separated overt ARVC from control subjects
with high sensitivity and specificity. Of note, abnormal strain had higher diagnostic accuracy
with lower false positive and false negative diagnoses compared to qualitative wall motion
assessment. These results suggest that MR feature tracking may have clinical utility in
ARVC evaluation.

In ARVC, a basic, yet unanswered question is the ideal plane of imaging. For feature
tracking, the HLA view provided (a) the most reproducible measurements, (b) the greatest
separation between overt and control, particularly in the subtricuspid region, and (c) a
continuous downward trend in strain magnitude between control subjects, preclinical ARVC,
and overt ARVC. The superior reproducibility and separation seen in HLA measurements
may be due to less through-plane motion compared to axial and SA views.
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Strain has previously been quantified in ARVC using speckle tracking echocardiography.
(11-14) These studies have been limited by a combination of small numbers of patients and
lack of regional analysis, genetic characterization, and a preclinical ARVC group. Prior
studies report global longitudinal RV strain of approximately —30% in control subjects, and
varying study to study from —10% to —25% in overt ARVC. These values are in agreement
with our observations. Impairment of regional function was primarily in the basal region of
the RV, consistent with our finding that subtricuspid strain allowed for the greatest
discrimination between control subjects and overt ARVC. These findings are also in
agreement with prior work showing that structural abnormalities most frequently localize to
the subtricuspid region in ARVC.(15) Heermann et a/ (16) evaluated feature tracking of cine
MR in ARVC, including 20 patients with ARVC and 10 control subjects. In that study, the
HLA view was not evaluated, so that long axis strain was evaluated only on axial views.
Heermann et a/found that strain evaluated in the short axis views and ejection fraction
provided the greatest difference between ARVC patients and normal subjects. Since the
orientation of the heart within the chest cavity varies considerably between subjects, the
angular variation between the true HLA long axis view and the axial view may be up to 35
degrees.(17) This variation may explain our results that the HLA view provided greater
separation between ARVC patients and control subjects. In our multivariable model,
regional subtricuspid strain was superior to global ejection fraction for prediction of the
presence of disease, consistent with the concept of ARVC as a regional disease.

The present study suggests MR feature tracking has the potential to improve the reliability of
ARVC diagnosis and detection of regional wall motion abnormalities. Although MR may be
considered a standard of reference for ARVC, a long-standing limitation is lack of
quantitative metrics for regional wall motion abnormality of the RV.(8, 18) Although
patients with overt ARVC have global changes in RV ejection fraction and volumes,
preclinical ARVC patients who have known desmosomal mutations may have normal or
only subtle RV motion abnormalities. Thus, a major focus of clinical effort is based on
accurate phenotyping of this early ARVC group in order to accurately triage therapy. In this
study, subjects with preclinical ARVC had strain abnormalities that were intermediate
between control and overt subjects. Further studies are warranted to follow these patients
over time to determine if they indeed represent a high-risk group who may progress to overt
disease or have adverse cardiovascular events.

The results of this study should be interpreted in light of its strengths and limitations.
Although ARVC is a relatively common reason for heart evaluation by MR, the disease is
quite rare and the sample size is therefore small. While this study is among the largest
reported in the literature, a larger multicenter trial may provide further insight. An important
strength of this study is that clinical characterization of study subjects was extensive and
included genetic testing. In addition, ARVC diagnosis was made independently of MR
findings, so that the diagnostic TFC provide an independent standard of reference. While it
would be interesting to correlate strain values by MR feature tracking to those obtained by
echocardiographic deformation imaging, reliable echocardiographic data was not available
in part due to limitations of that technique for reliable identification of the RV. Diagnostic
accuracy improved with the addition of quantitative measures compared to radiologist
interpretation alone. However, false positive and false negative diagnoses remain nontrivial.
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Though intraobserver reproducibility was good in the HLA view, improvement to the
algorithm and increased standardization of the procedure is necessary to improve
interobserver reproducibility. Finally, we utilized standard MR steady state free precession
(SSFP) images without further optimization for feature tracking. It seems likely that
improved temporal and/or spatial resolution of cine MR may result in better feature tracking,
possibly improving differences between patient groups and control subjects.

In conclusion, MR feature tracking of the RV has the potential to provide reliable
quantification of regional wall motion abnormalities in ARVC. The MR approach identified
abnormalities in ARVC most reliably in the HLA view. Compared to qualitative analysis, the
approach provided incremental value in confirming the presence of wall motion
abnormalities that were most commonly present in the subtricuspid region.

Supplementary Material
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Figure 1.
Right ventricular feature tracking of cine steady state free precession (SSFP) images in the

horizontal long axis (7.e., 4-chamber) view of a 44 y/o female control subject. Contours were
drawn in a semiautomated manner at end-diastole (left) and propagated throughout the
cardiac cycle. The position of the propagated contours at end-systole (right) are also shown.
Multimodality Tissue Tracking (MTT) points have been overlain with yellow circles to be
more easily visualized; orange bars indicate demarcation between segments.
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Figure 2.
Right ventricular feature tracking of cine steady state free precession (SSFP) images in the

horizontal long axis (7.e., 4-chamber) view of a 55 y/o male patient with overt ARVC.
Contours were drawn in a semiautomated manner at end-diastole (left) and propagated
throughout the cardiac cycle. The position of the propagated contours at end-systole (right)
are also shown. Multimodality Tissue Tracking (MTT) points have been overlain with
yellow circles to be more easily visualized; orange bars indicate demarcation between
segments.

J Magn Reson Imaging. Author manuscript; available in PMC 2017 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Vigneault et al. Page 13

Axial HLA

Outflow Tract

Free Wall

Figure 3.
Definition of regions for the RV in the SA (left), axial (center), and HLA (right) views.

Abbreviations: SA: Short axis; HLA: Horizontal Long Axis; RV: Right Ventricle; LV: Left
Ventricle; RA: Right Atrium; LA: Left Atrium.
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I I
Subtricuspid Anterior Wall Apex
Segment

Figure 4.
Regional strain by group in the horizontal long axis view. Red, green, and blue boxplots

correspond to control subjects, preclinical ARVC, and overt ARVC, respectively.
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Figure 5.

Diagnostic performance of abnormal strain (defined as more positive than =31%
subtricuspid strain in the HLA view) compared to qualitative wall motion abnormality.
Abbreviations: FPR: false positive rate; FNR: false negative rate, HLA: horizontal long axis.
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Characteristics of the Study Population.

ARVC subjects

Overt ARVC n=39

Preclinical ARVC n=40

Control Subjects n=31

Male

Age (yrs)

Global MR parameters
RV EDV Index

RV ESV Index
RV EF

LV EDV Index
LV ESV Index
LV EF
Clinical Phenotype
Repolarization criteria
T-wave inversion V1-3
T-wave inversion V1-2
T-wave inversion V1-4 w/CRBBB
Depolarization criteria
Epsilon wave
Prolonged TAD
Late potentials
Arrhythmia criteria
LBBB superior axis VT
LBBB inferior axis VT
>500 PVCs/24 hrs
Structural criteria
Major

Minor

TFC fulfillment: number of criteria (median)

17 (44)
32.3+135

88.3+2567
474+2497

483+11.77
774121
30695
62.7+6.3

36 (92)
33 (85)
3(8)
0(0)
22 (56)
2(5)
17 (44)
15/34 (44)
25 (64)
6 (15)
9(23)
21/32 (66)
23 (59)
16 (41)
7(18)

6 (IQR 5-7)

22 (55)
31.3+18.1

68.4+14.4
31.1+9.8
549+9.6

69.1+12.9
252+7.0
63.2+11.7

4(10)
0(0)
4(10)
0(0)
13 (33)
0(0)
5(13)
12/38 (32)
25
0(0)
0(0)
2/35 (6)
0(0)
0(0)
0(0)
2 (IQR 2-3)

17 (55)
3724149

69.7+12.9
30.0+8.6
56.9+9.7

735+9.6
309+15.1
58.9+13.3

*p<0.05 compared to control;

fp<0.01 compared to control.

Page 16

Abbreviations: ARVC: arrhythmogenic right ventricular cardiomyopathy, BSA: body surface area, CRBBB: complete right bundle branch block,
EDV: end-diastolic volume, EF: ejection fraction, ESV: end-systolic volume, LBBB: left bundle branch block, LV: left ventricular, PVC: premature

bentricular complex, RV: right ventricular, TAD: terminal activation duration, TFC: task force criteria, VT: ventricular tachycardia.
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Table 2

Global strain values stratified by diagnostic group.

ARVC subjects

Overtn=39  Preclinical n=40  Control n=31

Global HLA () -193(26.2)7  -26.2 (¢5.0) -27.7 (¢5.5)
Global Axial () -23.3 (x8.1)%  -28.6 (¢7.2) -28.5 (45.2)
Global SA (e)  -11.0(35.6)7  -16.3 (x4.7) -14.8 (+3.2)

*p<0.05 compared to control;

7Lp<0.01 compared to control.

Abbreviations: HLA: horizontal long axis; SA: short axis
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Table 3

Regional strain values stratified by diagnostic group.

ARVC subjects

Overt n=39 Preclinical n=40  Control n=31

HLA (g)) view
Subtricuspid
Anterior wall
Apex

Axial (g;) view
Subtricuspid

Anterior wall
Apex

SA (&) View
Outflow tract
Free wall

Angle

Inferior

244 (+108)7  -334(x109)  -36.9 (+10.5)
-17.7@64)7  -23.0(26.1) -22.8 (+6.3)

-18.6 (¢8.8)7  -23.3(27.8) -25.5 (+9.6)

-31.0 (+132)  -38.2(x11.8)  -31.4(x13.7)

-221(x13.1)  -24.1(85) ~25.9 (5.9)
-224(x104)"  -29.0 (+14.9)  -30.6 (+12.7)
-11.3 (+6.8) -15.3 (+6.8) ~14.4 (+6.4)
-10.7 #42)7  -16.7 (25.8) -15.7 (+3.0)
-116 (#6.7)°  -17.0 (26.4) -15.2 (+3.9)
-13.8 (+7.9) -20.4 (+8.7) -17.9 (+5.5)

*p<0.05 compared to control;

fp<0.01 compared to control.

Abbreviations: HLA: horizontal long axis; SA: short axis
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Multivariable analysis using cumulative logistic regression for the prediction of group assignment (control,
preclinical ARVC, and overt ARVC) by abnormal subtricuspid strain and relevant clinical factors.

Univariable

Beta (95% CI) P-value

Multivariable

Beta (95% ClI) P-value

Age (yr)
Female

Abnormal subtricuspid strain (<|-31%)

RV EF (%)
RV EDV Index (m%/mL)

-0.01(-0.03,0.01)  0.248
0.35(-0.34,1.04)  0.319
167 (0.77,258)  <0.001
-0.10 (-0.15,-0.06)  <0.001
0.06 (0.04,009)  0.001

1.46 (0.36, 2.55) 0.009
1.38 (0.28, 2.47) 0.014
-0.06 (-0.12,0.01)  0.080
0.06 (0.02, 0.10) 0.001
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