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The prognostic value of right ventricular deformation derived from 
cardiac magnetic resonance tissue tracking for all-cause mortality 
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Background: Early detection of right ventricular (RV) dysfunction is vital for determining the prognosis 
of light-chain amyloidosis (AL) patients. While few studies focused on RV deformation due to the limitation 
of research methods. The aim of this study was to determine the prognostic significance of RV myocardial 
strain in AL patients assessed by cardiac magnetic resonance (CMR) tissue tracking.
Methods: Sixty-four AL patients (28 females and 36 males, mean age 58±12.8 years old; range 25–81 
years old) were enrolled from 1 October 2014 through 31 March 2017 and compared with 20 age- and 
sex-matched controls. Fifty-one AL patients met the criteria for cardiac amyloidosis (CA). Deformation 
parameters of both RV and left ventricle (LV) were measured by the CMR tissue tracking technique 
including myocardial global radial peak strain (GRPS), global circumferential peak strain (GCPS), and global 
longitudinal peak strain (GLPS). The follow-up time was 20 months or until the occurrence of death. 
Results: Thirty-two (50%) had preserved RV ejection fraction (RVEF ≥45%). AL patients had significantly 
lower RV-GRPS (20.3±2.12 vs. 31.31±7.61), GCPS (−2.12±0.88 vs. −13.71±2.53), and GLPS (−5.33±0.64 
vs. −14.239±2.99) than controls even RVEF remain preserved (all P<0.001). Compared with controls 
and patients without CA, RV-GRPS (12.26±1.26 vs. 29.72±3.54, P<0.001) and RV-GLPS (−3.78±2.25 vs. 
−5.66±2.08, P<0.05) were significantly lower in patients with CA. Cox multivariate analyses demonstrated 
that RV-GRPS [hazard ratio (HR) =0.93, 95% CI: 0.88–0.98, P=0.007] and Mayo stage were (HR =3.11, 
95% CI: 1.30–7.41, P=0.01) predictors of mortality in AL patients.
Conclusions: CMR tissue tracking is a feasible and highly reproducible technique for the analysis of RV 
deformation and could aid in the early diagnosis of RV involvement in AL patients. RV-GRPS of RV strain 
and Mayo stage provides prognostic information about mortality in AL patients.
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Introduction

Immunoglobulin light-chain amyloidosis (AL) is the most 
common of all systemic amyloidosis subtypes, accounting 
for approximately 70% of all amyloidosis cases (1). Cardiac 
amyloidosis (CA) occurs in up to 80% of systemic AL 
patients and therefore represents one the most important 
clinical manifestations (1,2). Amyloid deposition in the heart 
typically presents as restrictive cardiomyopathy and often 
occurs with disproportionate signs of right ventricular (RV) 
failure (3). Clinically, RV function has been shown to have 
prognostic value in a variety of congenital abnormalities, 
pulmonary hypertension and dilated cardiomyopathy (4-8).  
Therefore, early detection of RV dysfunction is vital for 
determining the prognosis of AL patients.

To determine RV dysfunction early, 3D speckle-
tracking echocardiography and cardiac magnetic resonance 
(CMR) tissue tracking have been regarded as early and 
sensitive makers for assessing subclinical deformations of 
both left ventricular (LV) and RV (9-15). However, CMR 
imaging is considered the gold standard technique for RV 
evaluation (16,17) and could be used to detect subclinical 
changes in myocardial mechanics early in patients with RV  
deformation (18) due to the low spatial resolution and 
difficult acoustic windows (19,20) of echocardiography. To 
the best of our knowledge, a few studies have evaluated 
LV dysfunction using CMR tissue tracking or tagging 
techniques in patients with AL (21,22), and RV deformation 
assessment with CMR tissue tracking has not yet been 
reported in the literature. Thus, the aims of this study were 
(I) to assess and compare RV deformation in AL patients, 
especially those with preserved RV ejection fraction, and 
(II) further identify the most potent prognostic index of RV 
myocardial strain for all-cause mortality in AL patients.

Methods

Study population

This study was approved by our institutional review board. 
We retrospectively considered 71 consecutive AL patients  
(34 females and 37 males, mean age 59±10.2 years old, 
range 25–81 years old) who had CMR examinations from 1 
October 2014 through 31 March 2017. As Jaccard et al. (23) 
previously described, the diagnosis of amyloidosis was made 
based on a biopsy of subcutaneous fat or an involved organ 
with the demonstration of typical Conge red birefringence 
under polarized light. Amyloidosis was further confirmed by 
the detection of a monoclonal protein in the serum or urine 

and/or a monoclonal population of plasma cells in the bone 
marrow. The exclusion criteria were as follows: (I) patients 
with congenital heart disease, primary cardiomyopathy such 
as hypertrophic cardiomyopathy or coronary artery disease 
(n=1); (II) patients with poor quality CMR images (n=2); 
(III) patients with arrhythmia (n=2); and (IV) patients with 
pulmonary hypertension (n=2). Finally, the study group 
consisted of 64 patients (28 females and 36 males, mean age 
58±12.8 years old, range 25–81 years old). Patients selection 
flow diagram shows in Figure 1. According to A Consensus 
Opinion From the 10th International Symposium on 
Amyloid and Amyloidosis, CA was defined as an LV 
thickness >12 mm without another known cause, as shown 
by echocardiography (24). A total of twenty age- and sex-
matched healthy controls (8 females and 12 males, mean age 
54±12.1 years old, range 24–75 years old) were enrolled as 
the normal control group. None of the included individuals 
had a history of heart diseases, systemic hypertension, or 
diabetes.

Biomarkers, ECG and echocardiography

In patients with AL amyloidosis, blood was collected 
within a week of CMR examination for the measurement 
of N-terminal pro-brain natriuretic peptide (NT-
proBNP) and cardiac troponin T. Standard 12-lead resting 
electrocardiography (ECG) was performed in all patients 
prior to the CMR examination. All patients included in the 
study were examined by standard echocardiography before 
undergoing CMR focused on LV parameters.

Standard CMR imaging protocol

The CMR was performed with a 3.0-T scanner (Magnetom 
Tim Trio; Siemens Healthineers, Erlangen, Germany) 
using an eight-channel phased-array body coil during 
breath holding. Steady-state, free-precession, cine images 
were obtained along a consecutive short-axis covering the 
LV and RV from the mitral valve level to the apex and 
included 8 slices (TR/TE 37.66 ms/1.2 ms, flip angle 39°, 
FOV 280 mm × 373 mm, matrix size 146 mm × 280 mm, 
slice thickness 8 mm with no gap) as well as in the long 
axis (with two- and four-chamber views). Gadolinium-
enhanced images were acquired in the same sections as 
the cine images 10–15 minutes after intravenous injection 
of gadopentetate dimeglumine (dose: 0.1 mL/kg body 
weight, flow rate: 2.5–3.0 mL/s, MultiHance 0.5 mmol/mL; 
Bracco, Milan, Italy) using an inversion recovery TrueFISP 
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sequence (TR/TE700/1.31 ms, flip angle 20°, FOV  
320 mm × 270 mm, and slice thickness 8 mm).

Imaging analysis

CMR studies were analysed offline by an experienced 
observer blinded to all patients clinical data using 
customized software (cvi42;  vers ion5.9.3;  Circle 
Cardiovascular Imaging, Inc., Calgary, Canada). The 
endocardial and epicardial traces were performed manually 
in serial short-axis slices at the end-diastolic and end-
systolic phases, and the papillary muscles and moderator 
bands were carefully excluded from the analysis. Global 
LV/RV systolic function, including the LV/RV end-
diastolic volume index (EDVi), end-systolic volume index 
(ESVi), and LV/RV ejection fraction (EF), were computed. 
Subsequently, LV myocardial strain analysis was performed 
by loaded the long-axis two-chamber, four-chamber and 
short-axis slices into the tissue tracking module. The 
analysis of RV myocardial strain was performed by loading 
the images of four-chamber and short-axis slices into the 
RV tissue tracking module. In all series, the endocardial and 
epicardial contours were delineated manually per slice at 
end-diastole. The global myocardial strain parameters were 
acquired automatically, including the global radial peak 
strain (GRPS), global circumferential peak strain (GCPS), 
and global longitudinal peak strain (GLPS) (Figure 2).  

Positive and negative symbols represent direction. We 
defined peak strain as the absolute maximum strain over 
the entire cardiac cycle. The diagnosis of myocardium late 
gadolinium enhancement (LGE) was obtained by visual 
assessment, which required viewing an elevated signal in the 
myocardium within two orthogonal views.

Patients were divided into subgroups according to 
(I) preserved RVEF (RVEF% ≥45%) or reduced RVEF 
(RVEF% <45%) (25), (II) patients with CA or without CA, 
and (III) CA patients with or without RV LGE.

Clinical follow up

The primary outcome was all-cause mortality after a review 
of hospital records or via a telephone call to the patient or 
their families. The follow-up was closed on 31 November 
2018. The follow-up time was 20 months or until the 
occurrence of events. The time-to-event was defined as the 
time between CMR imaging and death.

Reproducibility analysis

To verify the reproducibility and reliability of RV functional 
assessment by CMR in our cohort, intra- and inter-
observer variability were calculated for RV strain parameter 
measurements in 26 randomly selected patients. For intra-
observer variability, parameters were measured twice by 

AL amyloidosis proved by biopsy or monoclonal protein in the serum and/or
a monoclonal population of plasma cells in bone marrow

Congenital heart
disease/primary

cardiomyopathy (n=2)

Poor quality CMR
images (n=2)

Statistical analysis

Pulmonary hypertension
(n=2)

Biomarkers, electrocardiography,
echocardiography and CMR data collection

20 age- and sex-matched
healthy controls

Arrhythmia
(n=1)

71 AL patients

64 AL patients

Figure 1 Patients selection flow diagram. Seventy-one AL patients underwent CMR were enrolled. Two patients with coronary artery 
disease, two patients with poor quality CMR images, one patient with arrhythmia and two patients with pulmonary hypertension were 
excluded. In brief, the study group consisted of sixty-four patients and twenty healthy controls.
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Figure 2 RV global radial peak strain, circumferential peak strain and longitudinal peak strain. The curve graphs show the global strain 
changes over time in a cardiac cycle in three directions of the right ventricle [abscissa represents time (ms), ordinate represents peak strain 
(%)]. The short axis and four chambers of heart show the delineation of the inner and outer membranes. The yellow dots represent the 
myocardial voxel points. RV, right ventricular.

the same observer with a minimum interval of two weeks 
between serial assessments. Inter-observer variability 
was assessed using measurements obtained by a second 
independent observer blinded to all other analyses. These 
values are presented as means ± standard deviation (SD).

Statistics analysis

All statistical analyses were performed using a commercially 
available software package (SPSS for Windows, version 
25.0; SPSS Inc, Chicago, IL; GraphPad version 7.00; 
San Diego, CA; and MedCalc, Version 9.3.0.0. MedCalc 
Software; Mariakerke, Belgium). All data were evaluated 
for normal distribution using the Kolmogorov-Smirnov 
test. Homogeneity of variance was evaluated using Levene’s 
test. All results are expressed as the mean ± SD or median 
[interquartile range (IQR), 25–75%]. Independent samples 
t-tests and Mann-Whitney U tests were used to evaluate 
CMR parameters and the baseline characteristics of the 
normal and AL subgroups. Group percentages were 
compared using the Chi-square test or Fisher’s exact 

test, where appropriate. Pearson correlation analysis was 
performed to examine the correlation between RV and 
LV global peak strain. Intra- and inter-observer variability 
were assessed using the intraclass correlation coefficient 
(ICC) method, and the 26 patient results are presented 
as Cronbach’s α and 95% limits of agreement. Univariate 
and multivariate analyses were used to predict all-cause 
mortality in AL patients. NT-proBNP and troponin T 
were log (ln)-transformed to achieve normality for further 
analysis. Patients were divided into two groups by the 
median RV-GRPS. Kaplan-Meier survival curves were 
constructed to estimate the cumulative event rate for 
each end point according to the high or low RV-GRPS 
subgroup. The log-rank test was used to compare Kaplan-
Meier survival curves. Statistical significance was considered 
a 2-tailed P<0.05.

Results

Baseline characteristics

Baseline characteristics, biomarkers, ECG results and 
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echocardiography parameters were recorded and are 
summarized in Table 1. Among the 64 AL patients, 1 had 
hypertension, 2 had diabetes, and 10 had a low-voltage by 
electrocardiography. Echocardiography examination found 
that tricuspid regurgitation and mitral regurgitation were 
observed in 9 and 12 patients, respectively. Laboratory 
tests showed that serum NT-proBNP and troponin T 
concentrations were 5,815.1 (2,090.5–13,667.1) pg/mL and 
83.5 (43.9–219.4) µg/L, respectively. There were 9 patients 
took Beta-blockers and 4 took cardiac glycosides. Thirty-
nine patients received chemotherapy and only four patients 
received stem cell transplantation.

Subclinical RV myocardial deformation analysis

Table 1 shows the characteristics of myocardial function and 
strain in both RV and LV in AL patients. To analyse the 
value of the index of RV strain in the early diagnosis of RV 
deformation in AL patients, we divided the AL patients into 
a preserved RVEF group (n=32) and a reduced RVEF group 
(n=32). Similar to the results obtained for RVEF, LVEF was 
comparable between patients with preserved RVEF and 
healthy controls (65.42±6.36 vs. 60.68±12.63, P=0.25). The 
LV-EDVi (69.3±20.6 vs. 42.2±8.3, P=0.01) and LV-ESVi 
(27.1±14.2 vs. 14.4±2.9, P=0.21) also remined within the 
normal range in the preserved RVEF group.

For the strain analysis, RV-GRPS, RV-GLPS, and RV-
GCPS were significantly lower in AL patients than in 

controls (P<0.001 for all comparisons). Most importantly, 
RV-GRPS (8.5±1.04  vs. 20.3±2.12, P<0.001) and RV-GLPS 
(−2.7±1.17 vs. −5.33±0.64, P=0.03) were lower in patients 
with reduced RVEF than in those with preserved RVEF 
(P=0.02). As shown in Table 1, there was no significant 
difference in RV-GCPS between patients with preserved 
or reduced RVEF (1.06±1.63 vs. −2.12±0.88, P=0.15). In 
addition, a Pearson’s correlation test indicated that there 
was a good correlation between RV-GRPS and LV-GRPS 
(r=0.56, P=0.001) and a moderate correlation between RV-
GLPS and RV-LVGLPS (r=0.32, P=0.015) (Figure 3).

RV Myocardial deformation in CA 

As shown in Table 2, 51 (80%) patients met the criteria for 
CA. RVEF was significantly lower in CA patients than in 
AL patients without CA (41.5±17.34 vs. 53±14.34, P<0.001). 
Similar decreases were observed in RV-GRPS (12.26±1.26 
vs. 29.72±3.54, P<0.001) and RV-GLPS (–3.78±2.25 vs. 
–5.66±2.08, P<0.05) between CA patients and those without 
CA. Similar to Table 1, no significant differences were 
found in RV-GCPS (–2.41±1.72 vs. –0.78±0.75, P>0.05) 
between AL patients with and without CA. Additionally, we 
found that 29 (57%) of the 51 CA patients had RV LGE. 
Compared with AL patients without RV LGE, those with 
RV LGE had lower RVEF (31.72±15.65 vs. 45.48±12.70, 
P=0.001) and RV-GRPS (7.01±4.32 vs. 13.75±9.59, P=0.009) 
(Table 3).

Table 1 Baseline characteristics, cardiac function and myocardial strain in patients with preserved and reduced RVEF

Parameters
Control subjects  

(n=20)
Patients with preserved RVEF%  

(n=32)
Patients with reduced RVEF% 

(n=32)

Clinical variables

Age 54±12.1 58±10.89 59±11.9

Male 12 (60%) 15 (47%) 21 (66%)

Body mass index, kg/m2 21.8±1.9 23.2±5.2 22.7±3.5

systolic pressure, mmHg 121.7±83.6 119.2±22.2 110.5±16.5

diastolic pressure, mmHg 78.9±12.9 75.7±14.1 71.8±12.1

MI 0 (0%) 0 (0%) 0 (0%)

Hypertension 0 (0%) 1 (3%) 0 (0%)

Diabetes 0 (0%) 1 (3%) 1 (3%)

Table 1 (Continued)
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Table 1 (Continued)

Parameters
Control subjects  

(n=20)
Patients with preserved RVEF%  

(n=32)
Patients with reduced RVEF% 

(n=32)

Biomarkers

NT-proBNP, pg/mL NA 4,760 [1,015−12,890] 10,121 [4,373−21,920]#

Troponin T, µg/L NA 68.9 (30.5−152.1) 170 (54.4−237.7)#

Mayo stage (I/II/III) NA 5/4/23 0/0/32#

GFR (µmol/L) NA 73.3±47.4 72.7±40.0

Beta-blockers/cardiac glycosides 0/0 2/1 7/3#

Stem cell transplantation NA 4 (13%) 0 (0%)#

CRT NA 0 (0%) 1 (3%)

Chemotherapy NA 20 (63%) 19 (59%)

ECG characteristics

Low voltage 0 (0%) 3 (9%) 7 (22%)

Echocardiography

Interventricular septal thickness 8.6±2.1 12.6±3.5* 15.3±3.2*#

Tricuspid regurgitation 0 (0%) 4 (13%) 5 (16%)

Mitral regurgitation 0 (0%) 6 (19%) 6 (19)

CMR parameters

LVEDVi (mL/m2) 42.2±8.3 69.3±20.6 68.6±22.4

LVESVi (mL/m2) 14.4±2.9 27.1±14.2 38.5±15.8***##

LVEF% 65.4±6.4 60.7±12.6 43.7±12.5***###

LV GRPS (%) 34.5±11.1 30.9±12.9 15.5±8.9***###

LV GCPS (%) −13.2±9.9 −14.7±6.6 −10.8±4.7**###

LV GLPS (%) −14.6±3.0 −11.7±6.7** −7.88±3.9***##

LV LGE (no/patch/diffuse) 20/0/0 13/5/14* 5/4/23*#

RVEDVi (mL/m2) 38.5±10.9 58.8±21.6 63.4±20.2

RVESVi (mL/m2) 16.6±4.8 25.1±10.5 44.7±17.9***###

RVEF% 56.1±9.1 56±7.5 27±11.9***###

RV GRPS (%) 31.3±7.6 20.3±2.1*** 8.5±1.0***###

RV GCPS (%) −13.7±2.5 −2.12±0.9*** −1.1±1.6***

RV GLPS (%) −14.2±2.9 −5.33±0.6*** −2.7±1.2***#

RV LGE 0 (0%) 5 (16%)* 17 (53%)*#

*, P<0.05; **, P<0.01; ***, P<0.001 versus control subjects. #, P<0.05; ##, P<0.01; ###, P<0.001 versus patients with preserved RVEF%. 
NT-proBNP, N terminal pro B type natriuretic peptide; MI, myocardial infraction; CMR, cardiac magnetic resonance; EDVi, end diastolic 
volume-index; ESVi, end systolic volume-index; LVEF, left ventricular ejection fraction; RVEF, right ventricular ejection fraction; GCPS, 
global circumferential peak strain; GLPS, global longitudinal peak strain; GRPS, global radial peak strain; GFR, Glomerular filtration rate; 
CRT, cardiac resynchronization therapy; LGE, late gadolinium enhancement.
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Table 2 Comparison of clinical and RV strain in patients with or without CA

RV strain Control subjects (n=20) Patients without CA (n=13) Patients with CA (n=51)

RVEDVi (mL/m2) 64.6±17.9 61.5±23.4 61.1±20.5

RVESVi (mL/m2) 27.9±8.7 26.5±10.2 37.3±18.6*#

RVEF% 56.1±9.1 53±14.34 41.5±17.3***###

RV GRPS (%) 31.3±7.6 29.7±3.5*** 12.3±1.3***###

RV GCPS (%) −13.7±2.5 −2.4±1.7*** −0.8±0.7***

RV GLPS (%) −14.24±2.9 −5.7±2.1*** −3.8±2.3***#

RV LGE 0 (0%) 0 (0%) 22 (43%)

*, P<0.05; ***, P<0.001 versus control subjects. #, P<0.05; ###, P<0.001 versus patients without CA. EDVi, end diastolic volume-index; ESVi, 
end systolic volume-index; RVEF, right ventricular ejection fraction; GCPS, global circumferential peak strain; GLPS, global longitudinal 
peak strain; GRPS, global radial peak strain; late gadolinium enhancement.

Table 3 Comparison of biomarkers and RV strain in patients with or without RV LGE among CA patients

RV strain Control subjects (n=20) Patients without RV LGE (n=22) Patients with RV LGE (n=29)

RVEDVi (mL/m2) 64.6±17.9 57.7±21.7 68.1±19.4

RVESVi (mL/m2) 27.9±8.7 31.2±17.6 46.2±17.3***#

RVEF% 56.1±9.1 45.5±12.7** 31.7±15.6***###

RV GRPS (%) 31.3±7.6 13.8±9.6*** 7.1±4.3***##

RV GCPS (%) −13.7±2.5 −1.6±4.7*** −1.1±4.3***

RV GLPS (%) −14.2±2.9 −3.6±5.8*** −3.9±3.8***

**, P<0.01; ***, P<0.001 versus control subjects. #, P<0.05; ##, P<0.01; ###, P<0.001 versus patients without RV LGE. EDVi, end diastolic 
volume-index; ESVi, end systolic volume-index; RVEF, right ventricular ejection fraction; GCPS, global circumferential peak strain; GLPS, 
global longitudinal peak strain; GRPS, global radial peak strain;

Figure 3 Pearson correlation analysis of GRPS, GCPS and GLPS between RV and LV. The Pearson correlation analysis showed that there 
were significant correlations between RV-GRPS and LV-GRPS (r=0.56, P=0.001), RV-GLPS and RV-LVGLPS (r=0.32, P=0.015). The 
dotted line represents the 95% confidence interval.
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The prognostic value of RV myocardial strain

During a mean follow-up period of 15 months, there were 
37 (58%) deaths among all 64 included AL patients. Ten 
deaths occurred within 5 months of the AL amyloidosis 
diagnosis, 21 occurred within 10 months, 33 occurred 
within 15 months and 37 occurred within 20 months. Tables 
4 and 5 reports the univariate and multivariate analyses 
of AL patients with various clinical and CMR parameters. 
In the univariate analysis, log NT-proBNP, log troponin 

T, Mayo stage, RV-LGE, RV-GRPS, RV-GLPS, LVEF, 
LV-GRPS, LV-GCPS and LV-GLPS were significantly 
(P<0.05) related to survival. In the multivariate analysis of 
RV parameters and Mayo stage, only RV-GRPS (HR =0.93, 
95% CI, 0.88–0.98, P=0.007) and Mayo stage (HR =3.11, 
95% CI: 1.30–7.41, P=0.01) remined strong predictors 
of mortality. In the multivariate analysis of RV and LV 
parameters, only RV-GRPS (HR =0.92, 95% CI: 0.87–0.97, 
P=0.004) remined a strong predictor of mortality. As 
shown in Figure 4, patients with lower RV-GRPS had a 
significantly poorer prognosis than was found in those with 
higher RV-GRPS, based on the median CMR strain values 
(15.5%) for GRPS (10 vs. 20 months, HR =0.93, 95% CI: 
0.87–0.98, log-rank test =9.712, P=0.002).

Intra-observer and inter-observer variability

The intra-observer and inter-observer variability of all RV 
strain values obtained using CMR tissue tracking were 
calculated. Intra-observer and inter-observer reproducibility 
were  exce l l ent  among RV GRPS and  RV GLPS 
measurements, while the inter-observer of RV-GCPS was in 
general consistent. The ICCs of the results are summarized 
in Table 6. The ICCs of intra-observer variability for the 
measurements were 0.826–0.972; while the ICCs of inter-
observer variability for the measurements were 0.758–0.971.

Discussion

The main findings of the present study indicate that RV 
strain derived from CMR tissue tracking may be vital for 
the early diagnosis of subclinical RV involvement in AL 
patients, especially in AL patients with preserved RVEF. 
More importantly, besides the traditional prognostic value 
of Mayo stage, we also found the RV GRPS and Mayo 
stage contributed significant prognostic information in AL 
patients after adjusting for LV parameters and traditional 
RV parameters, including RVEF and RV LGE.

In AL patients, RV heart failure often represents the 
late stage of the disease, in which a narrow therapeutic 
time window remains available. AL patients with impaired 
systolic function are considered inappropriate for 
autologous stem cell transplantation, which is generally 
accepted as a therapeutic approach to improve the survival 
rate and quality of life in AL amyloidosis (26,27). Thus, 
early assessment of RV deformation plays a key role in 
therapeutic decision-making and prognosis evaluation 
in AL patients. As demonstrated in Cappelli’s study, RV 

Table 4 Univariate models of clinical and CMR parameters 
predicting mortality in AL patients

Parameters
Univariate analysis

HR (95% CI) P value

Age 0.99 (0.97–1.02) 0.522

Gender 0.89 (0.48–1.65) 0.711

BMI 0.94 (0.89–1.03) 0.177

systolic pressure 0.99 (0.98–1.01) 0.370

diastolic pressure 0.98 (0.95–1.01) 0.096

Hypertension 1.27 (0.39–4.15) 0.687

Diabetes 0.73 (0.26–2.07) 0.543

Log NT-pro BNP 2.75 (1.52–4.98) <0.001

Log troponin T 3.58 (1.82–7.04) <0.001

Mayo stage 3.39 (1.50–7.68) 0.003

RVEF% 0.99 (0.97–1.01) 0.097

RV-LGE 0.53 (0.29–0.99) 0.046

RV-GRPS 0.92 (0.88–0.96) <0.001

RV-GCPS 1.01 (0.96–1.07) 0.632

RV-GLPS 1.12 (1.03–1.22) 0.006

LVEF% 0.97 (0.95–0.99) 0.001

LV-GRPS 0.96 (0.93–0.99) 0.002

LV-GCPS 1.14 (1.06–1.22) 0.001

LV-GLPS 1.07 (1.03–1.11) 0.001

For categorical data entered into the univariate and multivariate 
logistic regression models, indicator =1, as follows: gender, male 
=1, female =0; diabetes, positive =1, negative =0; hypertension, 
positive =1, negative =0; LGE, positive =1, negative =0; RVEF, 
GRPS, GLPS, GCPS increased by 1%. LVEF, left ventricular 
ejection fraction; RVEF, right ventricular ejection fraction; GCPS, 
global circumferential peak strain; GLPS, global longitudinal 
peak strain; GRPS, global radial peak strain; late gadolinium 
enhancement.
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Table 6 Intraclass correlation coefficient (ICC) analysis of GRPS, 
GCPS and GLPS

Parameters Cronbach’s α 95% CI

GRPS

Intra-observer 0.972 0.938−0.988

Inter-observer 0.971 0.936−0.978

GCPS

Intra-observer 0.826 0.612−0.922

Inter-observer 0.758 0.499−0.889

GLPS

Intra-observer 0.92 0.822−0.964

Inter-observer 0.853 0.672−0.934

GCPS, global circumferential peak strain; GLPS, global 
longitudinal peak strain; GRPS, global radial peak strain. 

Table 5 Multivariate models of Mayo stage and CMR parameters predicting mortality in AL patients

Parameters
Multivariate models* Multivariate models*

Wald Chi-square HR (95% CI) P value Wald Chi-square HR (95% CI) P value

Mayo stage 6.58 3.11 (1.30−7.41) 0.010

RV-LGE 0.58 1.34 (0.63−2.86) 0.448

RV-GRPS 7.34 0.93 (0.88−0.98) 0.007 8.255 0.92 (0.87−0.97) 0.004

RV-GLPS 0.08 1.02 (0.89−1.16) 0.776

LVEF 0.000 1.00 (0.97−1.01) 0.991

LV-GRPS 0.871 1.04 (0.96−1.12) 0.351

LV-GCPS 1.087 1.11 (0.91−1.34) 0.297

LV-GLPS 1.687 1.04 (0.98−1.11) 0.194

*, as limited number of cases included, this statistical method can not include more than five parameters. The left table included Mayo and right 
ventricular parameters, while the right table included left ventricular parameters and right ventricular parameter that has statistical significance. The 
two tables have the same header and statistical method. CMR, cardiac magnetic resonance; LVEF, left ventricular ejection fraction; GCPS, global 
circumferential peak strain; GLPS, global longitudinal peak strain; GRPS, global radial peak strain; late gadolinium enhancement.

Figure 4 Prognostic value of RV GRPS for all-cause mortality in AL 
patients. Kaplan-Meier analysis revealed patients with lower RV-GRPS 
<15.5 had lower median survival time compared to patients with RV-
GRPS ≥15.5 [12 vs. 20 months, (hazard ratio (HR) =0.93, 95% CI: 0.87–
0.98, P=0.002]. RV, right ventricular; GRPS, global radial peak strain.
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longitudinal strain was significantly lower in AL patients 
with CA than in controls but remined normal in patients 
without CA (18). Accordingly, the present study also 
showed that patients with CA or RV LGE had lower RV 
strain than was found in patients without CA. Some studies 
have suggested that RV strain is correlated with LV filling 
pressure (28), and because of its anatomical position, the 
interventricular septum has been identified as a key element 
in ventricular interactions (29). In the correlation analysis 
performed in our study, there was a moderate correlation of 
GRPS and GLPS between LV and RV.

The prognosis of AL patients is often a paramount clinical 
concern. Some studies have demonstrated that NT-proBNP, 
troponin T, RV dysfunction and RV-LGE have prognostic 
value in AL patients (7,30-33). The prognostic value of CMR 
tissue tracking in AL patients has not yet been analysed. 
Moreover, whether the RV strain could provide information 
after adjusting for potent CMR or biomarkers remains 
uncertain. In our results, LVEF and LV strain parameters, 
Mayo stage, log NT-proBNP, log troponin T, RV-LGE, 
RV-GRPS and RV-GLPS were all risk factors for survival in 
univariate analysis. Nevertheless, only RV-GRPS and Mayo 
stage retained prognostic value for mortality in AL patients 
in the multivariate analysis after adjustment for other factors, 
demonstrating that RV-GRPS and Mayo stage are sensitive 
indicators of RV dysfunction in AL patients.

The CMR tissue tracking technique is an important 
modality that allows the assessment of regional myocardial 
function and the detection of any ventricular dysfunction in 
very early stages. Due to the accessibility of steady-state free 
recession (SSFP) cine images, CMR tissue tracking is the 
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most commonly used sequence in clinical cardiac function 
assessment (34). Maceira et al. reported that the CMR-tissue 
tracking technique, when used for strain analysis, was a 
feasible and highly reproducible technique with an excellent 
intra-observer ICC (ICC >0.90) for strain (35). In our study, 
excellent intra-observer (ICC 0.92–0.97) and inter-observer 
(0.85–0.97) agreement was observed in RV-GRPS and RV-
GLPS. Therefore, RV deformation assessed by the CMR 
tissue tracking technique could provide substantial value in 
future clinical applications.

To our knowledge, this is the first investigation to test 
the usefulness of the CMR tissue tracking technique in 
evaluating RV deformation in AL patients. In this study, 
we analysed the feasibility and value of the CMR tissue 
tracking technique in obtaining early subclinical diagnoses 
and prognoses in AL patients.

Interestingly, unlike in the LV, in which circumferential 
strain is more reproducible (36), in our study, we found 
that reproducibility measurements were moderate for RV-
GCPS. We speculate that this finding is related to the 
anatomical structure of the RV, which is mainly composed 
of shallow myocardial layers that are arranged annularly 
and the deep myocardium, which is arranged longitudinally. 
This is a new finding with regard for the evaluation of RV 
deformation by 3D motion analysis but still require more 
research to verify.

There are some limitations to our study. First, the 
myocardium of the RV is too thin, and this makes it difficult 
to track the inner and outer myocardial membranes. 
However, because of the deposition of amyloidosis, AL 
patients have a greater RV myocardial thickness than is 
found in patients with other diseases. This makes it much 
easier to track the RV myocardial membranes in AL 
patients. Second, the follow-up time of 20 month may have 
been too short in the current study though previous studies 
have reported that clinical outcomes are poor in untreated 
AL, in which the median survival is only 6 to 15 months (37).  
Finally, we did not assess T1 mapping or extracellular 
volume in the present study, which are well-known 
prognostic indicators (38,39). However, as myocardial 
strain is an early marker of myocardial deformation, tissue 
tracking could detect RV deformation in the early stage of 
disease and easy to obtain.

Conclusions

Our findings demonstrate that the use of RV global strain 
evaluated by CMR tissue tracking in AL patients may be 

useful for the assessment of RV deformation. CMR RV 
strain tended to decrease in subclinical CA patients prior to 
RVEF reduction and provided valuable information for the 
early diagnosis of RV involvement. Moreover, RV-GRPS 
and Mayo stage served as a predictive factors for all-cause 
mortality in AL patients.
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