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Aims Left ventricular (LV) global longitudinal strain (GLS) (LV-GLS) is a strong and independent predictor of outcomes in patients
with immunoglobulin light-chain (AL) cardiac amyloidosis. This study was performed to investigate whether right ventricular
(RV) GLS (RV-GLS) provides prognostic information in patients with AL amyloidosis.

Methods Among 74 patients who were diagnosed with AL cardiac amyloidosis at Kumamoto University Hospital from December

and results 2005 to December 2022, 65 patients who had enough information for two-dimensional speckle tracking imaging and did
not receive chemotherapy before the diagnosis of cardiac amyloidosis were retrospectively analysed. During a median fol-
low-up of 359 days, 29 deaths occurred. In two-dimensional echocardiographic findings, LV-GLS, left atrium reservoir strain
(LASr), and RV-GLS were significantly lower in the all-cause death group than in the survival group (LV-GLS: 8.9 +4.2 vs.
11.7 £ 3.9, P <0.01; LASr: 9.06 + 7.28 vs. 14.09 + 8.32, P < 0.05; RV-GLS: 12.0 + 5.1 vs. 16.8 + 4.0, P < 0.01). Multivariable
Cox proportional hazard analysis showed RV-GLS was significantly and independently associated with all-cause death in pa-
tients with AL cardiac amyloidosis (hazard ratio 0.85; 95% confidence interval, 0.77-0.94; P < 0.01). Receiver operating char-
acteristic analysis showed that the area under the curve of RV-GLS for all-cause death was 0.774 and that the best cut-off
value of RV-GLS was 14.5% (sensitivity, 75%; specificity, 72%). In the Kaplan—Meier analysis, patients with AL cardiac amyl-
oidosis who had low RV-GLS (<14.5%) had a significantly higher probability of all-cause death (P < 0.01).
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LV-GLS and LALS

were also evaluated
to compare with RVLS

RV-=right ventricle, LV=left ventricle

RV-GLS has prognostic value in patients with AL cardiac amyloidosis and provides greater prognostic power than LV-GLS

To investigate whether RV-GLS provides prognostic information in patients with AL amyloidosis.

RV-GLS and RVFWLS

_were evaluated in the RV focused apical four-chamber view

LA-=left atrial, LS=longitudinal strain, GLS=global longitudinal strain, FWLS=free wall longitudinal strain

Results
Multivariable Cox Proportional Hazards Model
for All-Cause Death

HR (95% CI) p-value
LV-GLS per 1% 0.94 (0.82-1.08) 0.40
LAST per 1% 0.98 (0.92-1.03) 0.42
RV-GLS per 1% 0.85 (0.77-0.94) <0.01

p-value was obtained by multivariate Cox hazard analysis.

LASr=left atrium reservoir strain
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RV-GLS has prognostic value in patients with AL
cardiac amyloidosis and provides greater prognostic

power than LV-GLS and LALS.
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Introduction

Amyloid cardiomyopathy is a clinical disorder in which interstitial de-
position of amyloid fibrils causes morphological and functional abnor-
malities of the heart." Amyloid cardiomyopathy is divided into three
main types: immunoglobulin light-chain (AL) amyloidosis, mutant trans-
thyretin amyloidosis, and wild-type transthyretin amyloidosis.1 AL
amyloidosis is a multisystem disease caused by the deposition of amyl-
oid fibrils in organ tissues, and it arises from misfolded light chains most
commonly produced by clonal expansion of monoclonal plasma cells.”
Cardiac involvement has been noted in approximately 70% of patients
with AL amyloidosis®** and is the primary driver of death in these
pa‘cients.5

Myocardial amyloid deposition in cardiac tissues causes dysfunction
through architectural damages as well as through direct myocardial
toxicity and oxidative damage by amyloidogenic light chains.®
Echocardiographic findings provide diagnostic and prognostic informa-
tion in patients with AL amyloidosis suspected of having cardiac

involvement.”® The hallmarks of amyloid cardiomyopathy on transthor-
acic echocardiography (TTE) are increased left ventricular (LV) thick-
ness, left atrial (LA) enlargement, reduced systolic and diastolic LV
function, and LV apical sparing.7'9‘10 Additionally, amyloid can infiltrate
virtually all cardiac chambers, including the right ventricle (RV).""
Therefore, RV dysfunction is also a common finding in patients with
amyloid cardiomyopathy.'"'? Two-dimensional strain analysis based
on speckle-tracking echocardiography has recently been used to detect
myocardial deformation.’® We previously reported the usefulness of RV
longitudinal strain (LS) (RVLS) to predict cardiovascular events in pa-
tients with transthyretin amyloid cardiomyopathy.™ To our knowledge,
however, few reports have focused on the usefulness of RVLS as a pre-
dictive factor in patients with AL amyloidosis compared with classical
prognostic factors and other echocardiographic factors.

Thus, we hypothesized that RVLS estimated by two-dimensional
speckle-tracking echocardiography in patients with AL amyloidosis might
be an effective predictor of survival. We therefore investigated whether
RVLS provides prognostic information in patients with AL amyloidosis.
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Methods
Study population

In total, 74 patients were diagnosed with AL cardiac amyloidosis at
Kumamoto University Hospital from January 2005 to January 2022. Of
these patients, eight were excluded because they had no transthoracic
echocardiography data at diagnosis or had insufficient two-dimensional
speckle-tracking echocardiography data. In addition, one patient was ex-
cluded because he had already received chemotherapy before diagnosis
of cardiac amyloidosis. The remaining 65 patients diagnosed with AL cardiac
amyloidosis were enrolled in this study (Figure 7). Baseline clinical character-
istics and electrocardiographic and echocardiographic data at diagnosis
were obtained while the patients were clinically stable.

This study conformed to the principles outlined in the Declaration of
Helsinki. It was approved by the institutional review board and ethics

74 patients diagnosed with cardiac AL amyloidosis
between January 2005 and January 2022

8 patients who did not undergo a TTE examination at
diagnosis or had insufficient information for two-
dimensional speckle tracking echocardiography.

1 patient who had already received chemotherapy before
diagnosis of cardiac amyloidosis.

‘ 65 patients with cardiac AL amyloidosis were enrolled in this study

Figure 1 Study flow chart detailing the inclusion and exclusion cri-
teria for the study patients. AL amyloidosis, immunoglobulin light-
chain amyloidosis; TTE, transthoracic echocardiography.

committee of Kumamoto University (No. 1588). The requirement for in-
formed consent was waived because of the low-risk nature of this retro-
spective study and the inability to obtain consent directly from all
patients. Instead, we extensively announced this study protocol at
Kumamoto University Hospital and on our website (http:/www2.kuh.
kumamoto-u.ac.jp/tyuokensabu/index.html) and gave patients the oppor-
tunity to withdraw from the study.

Diagnosis of AL cardiac amyloidosis

The diagnosis of amyloid deposition was based on Congo red staining and
apple-green birefringence visualized with cross-polarized light microscopy
in biopsied tissue samples. AL amyloidosis was diagnosed based on positive
staining for immunoglobulin light chains by immunohistochemical staining.
We diagnosed cardiac amyloidosis when amyloid deposition was observed
in the myocardium, typical findings were observed on cardiac magnetic res-
onance imaging (CMR) (e.g. LV subendocardial late gadolinium enhance-
ment or significantly elevated native T1 and extracellular volume fraction
values), and/or a thickened LV wall was observed by cardiac echocardiog-
raphy [interventricular septal thickness at end-diastole (IVSTd) of
>12mm] according to 2022 European Society of Cardiology
cardio-oncology guidelines.'

Survival staging system

We evaluated survival staging as an objective prognostic indicator. Because
Lilleness et al.'® created a survival staging system using B-type natriuretic
peptide (BNP) and cardiac troponin, we separated enrolled patients into
four groups (stages |, Il, llla, and Illb) as the reported cut-off points: stage
|, both BNP and high-sensitivity cardiac troponin T (hs-cTnT) were lower
than cut-off point (BNP =81 pg/mL, hs-cTnT =0.035 ng/mL), stage II:
BNP or hs-cTnT were higher than the cut-off point, stage Ill: both BNP
and hs-cTnT were higher than the cut-off point. Patients in stage Ill were
also separated according to the BNP levels: stage Illa, BNP <700 pg/mL;
stage lllb, BNP > 700 pg/mL.

Longitudinal Strain (endo)
1098 ms
———————
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Figure 2 Representative example of right ventricular global longitudinal strain (white arrow) and right ventricular free wall longitudinal strain (red
arrow). The peak longitudinal strain for right ventricular free wall and septal wall were averaged to provide right ventricular global longitudinal strain.
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Table 1 Clinical characteristics between all-cause death group and event-free group

Event-free group (n = 36)

All-cause death group (n =29)

P-value

Baseline clinical characteristics

Age, years
Male sex, n (%)

Body mass index, kg/m?

Past medical history

Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidaemia, n (%)
Current smoking, n (%)
Atrial fibrillation, n (%)

ICD, n (%)
Pacemaker, n (%)
Stage |, n (%)
Stage Il, n (%)
Stage lll, n (%)
Stage llla, n (%)
Stage lllb, n (%)

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg

Laboratory findings

Haemoglobin level, g/dL
eGFR, mL/min/1.73m?

BNP, pg/mL
Hs-cTnT, ng/mL

C-reactive protein, mg/L

Difference FLC

Electrocardiographic findings

Low voltage
Pseudo Ml pattern
CRBBB

Conventional echocardiographic findings

660+9.8
22 (61)
227 + 4.1

17 (47)
5(14)
9 (25)
2(6)
5(14)
38
4(11)
4/32 (13)
932 (28)
19/32 (59)
17/32 (53)
2/32 (6)
1166+ 157
68.1£10.9

13023
62.0+236
174 (83-310) (n = 36)

0.04 (0.03-0.07) (n=32)

0.14 (0.06-0.25)
257 (72-716) (n = 35)

12 (34) (n=35)
6 (17) (n=35)
4(11) (n=135)

LAVI, mL/m? 49.0+208

IVSTd, mm 132420

LVPWTd, mm 13.0+22

LVEF, % 60.1+79

E/A 144 +1.21 (n=33)

E/e’ ratio 185+78

RVFAC, % 29.6+7.1

AS (%) 1(3)

MR (%) 103)

TR (%) 103)
Two-dimensional speckle tracking echocardiographic findings

LV-GLS, % 11.7+39

LASr, % 14.09 +8.32

pLASRr, 5~ 0.58 +0.31

pLASRcd, S~ 0.45 +0.30 (n=27)

pLASRct, S~ 0.51+0.25 (n=25)

RV-GLS, % 16.8 +4.0

RVFWLS, % 202+52
Cardiac treatment

RAS inhibitor, n (%) 9 (25)

69.9+89
19 (66)
215+33

7 (24)
2(7)
5(17)
10)
5(17)
2(7)
5(17)
3/27 (11)
2/27 (7)
22/27 (81)
9127 (33)
13/27 (48)
1014+ 154
632£115

121+£20
49.9 +20.1

634 (324-1300) (n = 28)
0.10 (0.07-0.18) (n = 28)

0.15 (0.05-0.65)

419 (192-1195) (1=17)

18 (62) (n=29)
12 (41) (n=29)
3 (10) (1=29)

58.6 +23.1
143+29
13.7 241
53.7+10.1
192 +1.36 (n=125)

247 +11.0
217 +87

0 (0)

7 (24)

3(10)

89+42
9.06 +7.28
0.40+0.25
0.41+024 (n=17)
033+£023 (n=17)
120+ 5.1
144 +59

10 (34)

0.10
0.71
0.18

0.06
037
0.45
0.71
0.71
0.83
0.48
0.87
<0.05
0.07
0.13
<0.01
<0.01
0.09

0.10
<0.05
<0.01
<0.01

0.36

0.25

<0.05
<0.05
0.89

0.08
0.07
0.21
<0.01
0.16
<0.05
<0.01
0.37
<0.01
0.21

<0.01
<0.05
<0.05

0.61
<0.05
<0.01
<0.01

0.40

Continued
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Table 1 Continued

Event-free group (n = 36)

MRA, n (%) 7 (19)

Beta blocker, n (%) 5(14)

Diuretic, n (%) 22 (61)
Haematological treatment

Bortezomib, n (%) 15 (42)

Daratumumab, n (%) 30 (83)

All-cause death group (n =29) P-value
13 (45) <0.05
7 (24) 0.29
23 (79) 0.1
6 (21) 0.07
6 (21) <0.01

The P values were obtained by student’s t-test, Mann—Whitney U test, or xz test.

AS, aortic stenosis; BNP, B-type natriuretic peptide; CRBBB, complete right bundle branch block; eGFR, estimated glomerular filtration rate; FLC, free light chain; hs-cTnT, high
sensitivity cardiac troponin T; GLS, global longitudinal strain; ICD, implantable cardioverter defibrillator; IVSTd, interventricular septal thickness in diastole; LV, left ventricle; LAV,
left atrial volume index; LVPWTd, left ventricular posterior wall thickness in diastole; LVEF, left ventricular ejection fraction; LASr, left atrial strain during reservoir phase; Ml,
myocardial infarction; MRA, mineralocorticoid receptor antagonist; MR, mitral regurgitation; pLASRr, peak strain rate during reservoir phase; pLASRcd, peak strain rate during
conduit phase; pLASRct, peak strain rate during contraction phase; RV, right ventricle; RVFWLS, right ventricle free wall longitudinal strain; RAS, renin angiotensin system; RVFAC,

right ventricular fractional area change; TR, tricuspid regurgitation.

Conventional echocardiographic

measurements

TTE was performed in patients in a stable condition using the Vivid E95 or 7
(GE Vingmed, Horten, Norway), Aplio 500 (Canon Medical Systems Corp.,
Otawara, Tochigi, Japan), and Epiq 7G (Philips, Bothell, WA, USA), which
were equipped with a 2.5-MHz phased-array transducer. Conventional
echocardiography was performed according to the recommendations of
the American Society of Echocardiography (ASE) and the European
Association of Cardiovascular Imaging."”"® LV wall thickness was acquired
in the parasternal long-axis view. LV ejection fraction (LVEF) and LA volume
index were calculated using a modified Simpson’s method. Peak early dia-
stolic velocity of LV inflow (E velocity), late atrial diastolic velocity of LV in-
flow (A velocity), and peak early diastolic velocity on the septal corner of
the mitral annulus (e') were measured in the apical four-chamber view.
Moderate or severe valvular diseases according to ASE guideline’® were de-
fined as valvular diseases in this study. To minimize bias, the echocardiog-
raphy reviewers were blinded to the patients’ clinical history and data.

Two-dimensional speckle-tracking
echocardiography

Two-dimensional speckle-tracking echocardiography was performed by
one operator (first operator) who was blinded to the clinical data and
who was different from the operator who performed the conventional
echocardiography. Two-dimensional speckle-tracking echocardiography
was performed using Cardiac Performance Analysis (2D-CPA): a manual
vendor-independent measurement package (TomTec-Arena, TomTec
Imaging Systems, Unterschleissheim, Germany). To assess the RVLS, we
evaluated the average value of the longitudinal peak systolic strain only
from the free wall [RV free wall LS (RVFWLS)] and from the free wall
and the septal wall of the RV [RV global LS (RV-GLS)] in the RV focused
apical four-chamber view? (Figure 2). To assess the LV strain, the LS, cal-
culated from the echocardiography images in the four-chamber, three-
chamber, and two-chamber views, was determined in 16 segments of
the left ventricle in accordance with the ASE guidelines.'”” The LV global
LS (LV-GLS) was calculated as the average LS of these 16 segments. To
assess LA strain, the regional strain and strain rate were determined
in three segments (septal, roof, and lateral) obtained from echocardio-
graphic images in the four-chamber apical view according to our previous
report.?"?? To evaluate LA strain components, the zero-strain reference
was defined at end-diastole. LA reservoir function was estimated using LA
strain during the reservoir phase (LASr) and the peak LA strain rate dur-
ing the reservoir phase (pLASRr) during the ventricular systole phase,
which represents LA filling during LV systole. LA conduit function was es-
timated using the peak LA strain rate during the conduit phase (pLASRcd)
during the LV diastole phase. In contrast, LA pump function was esti-
mated using the peak LA strain rate during the contraction phase

(pLASRct) during the LV diastole phase.?>?* Strain and strain rate are de-
scribed in absolute values. For assessment of intraobserver variability, the
first operator reevaluated RV-GLS measurements from 20 patients 1
month after the initial calculation. For assessment of inter-observer vari-
ability, the RV-GLS measurements from 20 patients were paired to the
measurement of another operator (second operator). The intra-observer
and inter-observer variabilities were assessed using the intra-class correl-
ation coefficient (ICC). Analysis of the intra-observer and inter-observer
showed good correlations for RV-GLS measurements [mean ICC, 0.86;
95% confidence interval (Cl), 0.69-0.94 and mean ICC, 0.83; 95% ClI,
0.61-0.93, respectively].

Data collection

For patients receiving chemotherapy, laboratory examination, electrocar-
diogram, and TTE were performed before starting chemotherapy.
Mortality was identified by a search of the medical records and confirmed
by a questionnaire and direct contact via a telephone interview of the pa-
tient or, if deceased, a family member. The confirmation data were in July
2022.

Statistical analysis
Detailed statistical analysis is available in the Supplementary material online.

Results

Diagnosis of AL cardiac amyloidosis

Among the 65 enrolled patients, 11 patients underwent endomyocar-
dial biopsy, of whom 10 patients had AL amyloid deposition in the
heart. In the other 55 patients, AL amyloid deposition was confirmed
in other tissues (skin or abdominal fat pad, n = 23; gastrointestinal tract,
n = 28; kidney, n = 9; other tissues, n = 5). Cardiac amyloidosis was de-
fined according to amyloid deposition in the myocardium (n = 10) and/
or typical findings of CMR (n = 36). Twenty-seven patients were de-
fined as AL cardiac amyloidosis by echocardiography (IVSTd
>12 mm) and AL amyloid deposition in non-cardiac tissues.

Comparison of clinical characteristics
between all-cause death and survival
groups

During a median follow-up of 359 days (interquartile range, 146—1287

days), 29 deaths occurred (heart failure, n = 15; out-of-hospital sudden
death, n = 3; ventricular arrhythmia, n = 2; infection, n = 2; renal failure,
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Table 2 Univariate Cox proportional hazards model

for all-cause death

Univariate analysis

HR (95% CI) P-value
Age per 1 year 1.05 (1.00-1.09) <0.05
Male sex/yes 0.87 (0.40-1.87) 0.71
Body mass index per 1 kg/m? 0.96 (0.87-1.05) 0.32
Hypertension/yes 0.55 (0.23-1.28) 017
Diabetes mellitus/yes 0.45 (0.11-1.90) 0.28
Dyslipidaemia/yes 0.68 (0.26-1.79) 0.44
Atrial fibrillation/yes 143 (0.54-3.77) 0.47
Current smoking/yes 0.81 (0.11-5.99) 0.83
Haemoglobin level per 1 g/dL 0.91 (0.78-1.06) 0.23
Ln TnT per 1 2.00 (1.34-2.98) <0.01
Ln BNP per 1 3.12 (2.00-4.88) <0.01
eGFR per 1 mL/min/1.73 m? 0.98 (0.97-1.00) <0.05
difference FLC per 1 1.00 (1.00-1.00) 0.25
Stage l/yes 0.74 (0.22-2.45) 0.62
Stage ll/yes 0.25 (0.06-1.06) 0.06
Stage llla/yes 0.50 (0.22-1.11) 0.09
Stage lllb/yes 9.38 (4.09-21.56) <0.01
Low voltage QRS in 1.95 (0.92-4.13) 0.08
electrocardiography/yes
Pseudo Ml pattern/yes 2.87 (1.36-6.06) <0.01
LAVI per 1 mL/m? 1.01 (1.00-1.03) 0.09
IVSTd per 1 mm 1.20 (1.03-1.39) <0.05
LVPWTd per 1 mm 1.14 (0.97-1.33) 0.11
LVEF per 1% 0.95 (0.91-0.98) <0.01
E/e’ ratio per 1 1.05 (1.01-1.08) <0.01
RVFAC per 1% 0.91 (0.87-0.95) <0.01
Mitral regurgitation/yes 5.51 (2.28-13.30) <0.05
Tricuspid regurgitation/yes 3.19 (0.95-10.72) 0.10
LV-GLS per 1% 0.83 (0.75-0.92) <0.01
LASr per 1% 0.91 (0.86-0.98) <0.01
pLASRr per 1 0.11 (0.19-0.60) <0.05
pLASRcd per 1 0.39 (0.06-2.74) 0.35
pLASRct per 1 0.05 (0.00-0.57) <0.05
RV-GLS per 1% 0.83 (0.76-0.89) <0.01
RVFWLS per 1% 0.88 (0.83-0.93) <0.01
RAS inhibitor/yes 1.36 (0.63-2.93) 043
MRA/yes 248 (1.18-5.19) <0.05
Beta blocker/yes 2.07 (0.87-4.90) 0.10
Diuretics/yes 2.03 (0.83-5.00) 0.12
Bortezomib/yes 0.36 (0.14-0.90) <0.05
Daratumumablyes 0.11 (0.44-0.27) <0.01

P value was obtained by the univariate Cox hazard analyses model.

n=12; general weakness, n=2; intestinal perforation, n=1; multiple
myeloma, n = 1; and unknown cause, n =1). Table 1 shows the clinical
characteristics in the all-cause death group and the survival group. The
rate of stage Il was significantly lower, and the rate of stage lllb was sig-
nificantly higher in the all-cause death group than in the survival group.
Among the laboratory findings, estimated glomerular filtration ratio

(eGFR) was significantly lower, and BNP and hs-TnT were significantly
higher in the all-cause death group than in the survival group. Among
the conventional echocardiographic findings, the LVEF and RV fraction-
al area change (RVFAC) were significantly lower, and the E/e’ ratio and
the rate of mitral regurgitation (MR) were significantly higher in the all-
cause death group than in the survival group. Among the two-
dimensional speckle-tracking echocardiographic findings, LV-GLS,
LASr, pLASRr, pLASRct, RV-GLS, and RVFWLS were significantly lower
in the all-cause death group than in the survival group.

Cox proportional hazard analysis for
all-cause death

As shown in Table 2, the univariate Cox proportional hazard analysis
showed that 20 variables were significant predictors of all-cause death:
age, InTnT, InBNP, eGFR, stage lllb, pseudo myocardial infarction pat-
tern, IVSTd, LVEF, E/e’ ratio, RVFAC, MR, LV-GLS, LASr, pLASRr,
pLASRct, RV-GLS, RVFWLS, mineralocorticoid receptor antagonist
use, bortezomib use, and daratumumab use. Considering the internal
correlation and the number of patients in our study, we created five
models to perform multivariable Cox proportional hazard analysis
(Table 3). RV-GLS was significantly and independently associated with
all-cause death after adjusting for RVFAC and RVFWLS (Model 1),
LV-GLS and LASr (Model 2), conventional prognostic risk factors
(Model 3), conventional echocardiographic findings (Model 4), and
medications (Model 5).

ROC analysis for all-cause death

Receiver operating characteristic (ROC) analysis was performed to de-
termine the optimal RV-GLS cut-off value for predicting all-cause death
in patients with cardiac AL amyloidosis. As shown in Figure 3, the area
under the curve of RV-GLS for all-cause death was 0.774. We also
found that the best cut-off value of RV-GLS was 14.5% (sensitivity,
75%; specificity, 72%).

Follow-up of patients with high and low
rv-GLS values

We divided the patients into two groups using the best cut-off value of
RV-GLS estimated by the ROC analysis: the high RV-GLS group
(>14.5%, n=35) and low RV-GLS group (<14.5%, n=30). Kaplan—
Meier analysis demonstrated a significantly higher risk of all-cause death
in patients with high than with low RV-GLS (P < 0.01 by log-rank test)
(Figure 4).

Next, we divided the patients into two groups: the daratumumab-
based treatment group and non-daratumumab group. In the
daratumumab-based treatment group, Kaplan—Meier analysis demon-
strated a significantly higher risk of all-cause death in patients with low
than high RV-GLS (P<0.05; see Supplementary material online,
Figure S1A). Even in the non-daratumumab group, patients with low
RV-GLS had a significantly higher risk of all-cause death than patients
with high RV-GLS (P <0.01; see Supplementary material online,
Figure S1B).

Discussion

The present study revealed the usefulness of RV-GLS by two-
dimensional speckle-tracking echocardiography to predict all-cause
death in patients with AL cardiac amyloidosis.

LV-GLS is a strong and independent predictor of outcomes in pa-
tients with AL amyloidosis.”*>® LALS and RVLS are also important
prognostic predictors in patients with AL amyloidosis.”’ ' However,
these studies did not evaluate the superiority between RV, LV, and
LA strain in patients with AL cardiac amyloidosis. In our present study,
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Table 3 Multivariable Cox proportional hazards model for all-cause death

Model 1 Model 2
HR (95% ClI) P-value HR (95% CI) P-value
RVFAC per 1% 0.97 (0.90-1.04) 0.33 — —
RVFWLS per 1% 1.13 (0.91-1.40) 0.26 — —
LV-GLS per 1% — — 0.94 (0.82-1.08) 0.40
LASF per 1% — — 0.98 (0.92-1.03) 042
RV-GLS per 1% 0.74 (0.56-0.98) <0.05 0.85 (0.77-0.94) <0.01
Model 3 Model 4 Model 5
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
Age per 1 year 1.01 (0.96-1.07) 0.65 — — — —
eGFR per 1 mL/min/1.73m? 0.99 (0.96-1.07) 0.20 — — — —
Stage lllb 4.36 (0.69-5.01) <0.01 — — — —
IVSTd/1Tmm — — 1.19 (0.97-1.45) 0.09 — —
E/e'n — — 1.00 (0.95-1.04) 0.84 — —
Mitral regurgitation/yes — — 10.77 (3.29-35.21) <0.01 — —
LVEF/1% — — 1.011 (0.96-1.07) 0.68 — —
Bortezomib/yes — — — — 0.40 (0.15-1.12) 0.08
Daratumumab/yes — — — — 0.10 (0.04-0.27) <0.01
MRA/yes — — — — 1.35 (0.57-3.25) 0.50
RV-GLS/1% 0.89 (0.80-1.00) <0.05 0.82 (0.75-0.91) <0.01 0.88 (0.82-0.95) <0.01
P-value was obtained by the multivariate Cox hazard analysis.
but also LV and LA dysfunction. For instance, LV dysfunction secondar-
Lo ily aggravates RV dysfunction because of pulmonary venous hyperten-
sion, ventricular interdependence, neurohormonal interactions, and
myocardial ischaemia of the RV.* In addition, LA dysfunction and en-
05 » largement due to pressure and volume overload cause structural
changes in the other chambers, including concomitant tricuspid annulus
dilatation, increased mobility of the tricuspid leaflets, and tricuspid re-
06 gurgitation,>*3> which would result in RV remodelling and affect RV
’? longitudinal function. We speculate that the RV-GLS could provide
= greater prognostic power even compared to LV-GLS and LALS in pa-
E 0] tients with cardiac AL amyloidosis, because RV dysfunction might re-
@ flect the burden of LV dysfunction, LA dysfunction, and amyloidosis
deposition as a whole.
o] AUC 0.774 Binder et al.>® showed that RV strain was not significant in AL amyl-
Sensitivity 75% oidosis, whereas LV-GLS was superior in AL amyloidosis, and this result
Specificity 72% is not in line with ours. Binder et al. used RVFWLS as RV strain, which
Cutoff point 14.5% was thought to be important difference from our present study. Our
i 02 o4 06 08 1o present study compared RV-GLS and RVFWLS and revealed that

1-Specificity

Figure 3 Receiver operator characteristic curve analysis of right
ventricular global longitudinal strain for predicting all-cause death.
AUC, area under the curve.

we revealed the superiority of RV-GLS over LV-GLS and LALS to pre-
dict all-cause mortality in these patients.

Accumulated evidence has revealed the importance of evaluating the
RV function in patients with heart failure.3? In patients with AL cardiac
amyloidosis, the RV is affected by not only direct amyloid deposition

RV-GLS, but not RVFWLS, was independently associated with the
prognosis in patients with AL cardiac amyloidosis. We previously re-
ported the superiority of RV-GLS over RVFWLS as a prognostic factor
in patients with transthyretin amyloid cardiomyopa‘chy.14 Thus, we con-
sidered RV-GLS may be an important prognostic factor in patients with
any phenotype of amyloid cardiomyopathy. RVFWLS is associated with
RV stroke volume,>” and RV-GLS is more closely associated with LV
systolic function than is RVFWLS,*® because RV-GLS is composed of
RVFWLS and the septal wall longitudinal strain. Therefore, RV-GLS
was thought to be affected by not only RV but also LV, which might
be the reason why RV-GLS had a stronger effect than RVFWLS on
the prognosis in patients with cardiac amyloidosis.

Diagnostic delay in AL amyloidosis leads to advanced multi-organ in-
volvement and poor prognosis.39 The addition of daratumumab to
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Figure 4 Kaplan—Meier curves of all-cause death in patients with immunoglobulin light-chain amyloidosis cardiac amyloidosis with high or low right

ventricular global longitudinal strain.

classical medical therapy was recently shown to be associated with sur-
vival free from major organ deterioration or haematologic progression
in patients with newly diagnosed AL amyloidosis.*® Therefore, daratu-
mumab combination therapy represents an important emerging first-
line treatment option for patients with systemic AL amyloidosis.
However, few data are available regarding prognostic echocardiograph-
ic factors in patients with daratumumab therapy. Our study revealed
that RV-GLS was independently associated with all-cause mortality
even after adjusting for administration of daratumumab therapy. In add-
ition, the low RV-GLS group had a significantly higher mortality rate
than the high RV-GLS group among patients receiving daratumumab
therapy. These results indicate that RV-GLS is an important prognostic
factor even in patients with daratumumab therapy. Thus, daratumumab
therapy should be started in the early stage of AL cardiac amyloidosis,
when RV function is fully preserved.

Study limitations

This study had several limitations. First, this was a retrospective single-
centre study that included a relatively small number of patients with AL
cardiac amyloidosis. Second, echocardiographic images were obtained
using several ultrasound machines. We performed the two-dimensional
speckle-tracking echocardiography analysis using vendor-independent
software (TomTec Image-Arena™). Although significant correlations
have been shown in the LS values analysed using vendor-independent
software for paired images obtained from different ultrasound ma-
chines,*" inter-machine variability may have still affected our study re-
sults. In addition, medical therapy is thought to have a significant
impact on the strain value. However, we did not consider baseline med-
ical therapy in our present study, which may have some effect on our
study results. Third, several patients were diagnosed with AL cardiac
amyloidosis before the RV-focused apical four-chamber view was
recommended. Therefore, we had no choice but to use the apical
four-chamber view to evaluate RV-GLS in these patients. In addition,
e’ lateral line was not measured in several patients because they
were diagnosed with AL cardiac amyloidosis before e’ lateral line was
recommended. Therefore, we used only e’ septal line to evaluate LV
diastolic function in our present study. Fourth, we did not evaluate
RV function data obtained by CMR because several patients did not
undergo CMR. Fifth, we did not clarify the term of medical treatment,

including daratumumab therapy. In our present study, 27 patients were
defined as cardiac amyloidosis by echocardiography alone. It cannot be
denied that LV hypertrophy in these patients was caused by other rea-
sons such as arterial hypertension. This is one of the other important
limitations.

Despite these limitations, the present study demonstrated the im-
portance of RV function estimated by two-dimensional strain analysis
compared to LVLS and LALS in patients with AL cardiac amyloidosis.
We believe that our results have significant value in the clinical setting.
In these days, the effect of three-dimensional speckle tracking imaging
on RV strain in patients with AL amyloidosis was reported.* Thus,
we should evaluate the prognostic impact of RV strain by three-
dimensional speckle tracking imaging in patients with AL cardiac amyl-
oidosis in the future.

Conclusion

RV-GLS has prognostic value in patients with AL cardiac amyloidosis
and provides greater prognostic power than LV-GLS and LALS.
Further prospective studies with more patients are needed to validate
our results.
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