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Abstract Few studies have focused on right ventricular
(RV) involvement in cardiac amyloidosis (CA). We inves-
tigated the prognostic value of RV assessment by cardio-
vascular magnetic resonance (CMR) in CA. In 2011-2014,
consecutive patients with suspected CA referred for CMR
were retrospectively evaluated. Demographic and baseline
clinical characteristics were collected. Healthy volunteers
were matched for sex and age and served as controls. All
subjects underwent a contrast-enhanced CMR examination.
RV size, function, and late gadolinium enhancement (LGE)
were analyzed. All deaths during follow-up were recorded.
Sixty-one patients [37 males (60.7%), age 60 + 11 years]
were included; CA was diagnosed in 47 (77.0%) patients.
CA patients displayed decreased biventricular ejection
fraction, elevated left ventricular mass index, and increased
biventricular end-systolic volume index (ESVi) compared
with controls. A total of 27 deaths (57.4%) occurred in
the CA group at 21-month median follow-up. Multivari-
able analysis demonstrated that RVESVi (HR 1.033, 95%
CI 1.004-1.063, P = 0.026) and RV-LGE (HR 2.814, 95%
CI 1.063-7.450, P = 0.037) were independent predictors of
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mortality in CA. For all amyloid patients, log NT-proBNP
(HR 3.412; 95% CI 1.484-7.845; P = 0.004) and RV-LGE
(HR 4.149; 95% CI 1.623-10.607; P = 0.003) were identi-
fied as independent predictors. RVESVi and RV-LGE are
independent predictors of survival and evaluation of RV by
CMR enables risk stratification in patients with CA.

Keywords Cardiac amyloidosis - Cardiovascular
magnetic resonance - Survival - Right ventricular

Introduction

Amyloidosis is a group of rare diseases characterized by
extracellular deposition of insoluble abnormal fibrillar pro-
teins derived from various precursor proteins that leads to
multi-organ structural alterations and functional impairment
[1]. Cardiac involvement frequently occurs in immunoglobu-
lin light chain amyloidosis (AL) and has a worst prognosis
than all other pathogenic subtypes [2].

Most studies have emphasized the importance of left ven-
tricular (LV) diastolic dysfunction in CA, but the value of
the right ventricular (RV) function is usually ignored [3-6].
In the clinical setting, transthoracic echocardiography is
widely available for the assessment of RV function. Some
studies that evaluated RV systolic performance by Doppler
myocardial imaging and speckle-tracking imaging have
shown an association of RV systolic dysfunction with poor
prognosis in CA [7-9].

Cardiovascular magnetic resonance (CMR) imaging is
the reference modality for the quantification of RV volumes
and systolic function [10]. Furthermore, CMR has emerged
as a high specificity, noninvasive tool for the diagnosis of
CA, with late gadolinium enhancement (LGE) reflecting the
distribution of amyloid infiltration in the extracellular space
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[11]. It has been reported that the presence and extent of
LV-LGE are useful predictors of adverse outcome in CA
[12-14]. However, few data are available regarding RV
involvement evaluated by CMR to predict prognosis in AL
amyloidosis. Therefore, we aimed to investigate the impact
of the RV parameters evaluated by CMR on all-cause mor-
tality in AL amyloidosis patients.

Materials and methods

Between 2011 and 2014, 65 consecutive patients with
biopsy-proven AL amyloidosis in any organ system under-
went CMR at West China Hospital, Sichuan University. In
all cases, histological proof of systemic AL amyloidosis was
obtained, with pink homogeneous material on hematoxy-
lin and eosin staining, apple-green birefringence staining
with Congo red, or amyloid fibers on electron microscopy.
AL amyloidosis was further confirmed by immunohisto-
chemical staining and demonstrating the presence of clonal
plasma dyscrasias. Positive biopsy sites included abdomi-
nal fat (n = 21), kidney (n = 19), bone marrow (n = 14),
lymph node (n = 3), bronchus (n = 2), rectum (n = 2), liver
(n =2), and skin (n = 2). Lack of cardiac involvement was
defined as normal LV wall thickness without LGE on CMR
and normal serum biomarkers. Three patients were excluded
due to receiving chemotherapy before CMR, and one patient

was excluded from the analysis due to incomplete data on
baseline characteristics, resulting in a study population of
61 patients. Figure 1 shows the study’s flowchart. Fourteen
patients with CA underwent chemotherapy after receiving
CMR. Hematologic responses were evaluated according to
the criteria of the International Society of Amyloidosis [15].

Forty-seven age- and gender-matched healthy controls
were selected from our healthy volunteer database undergo-
ing CMR with gadolinium. Healthy controls were enrolled
based on responses to advertisements within the hospital and
university and through personal contacts of the investiga-
tors. All healthy subjects had normal blood pressure (defined
as <140/90 mmHg) and normal 12-lead electrocardiogra-
phy (ECG) and showed no history or symptoms of cardio-
vascular disease or diabetes. All subjects included in the
study provided written informed consent, and the study was
approved by the Institutional Review Board of West China
Hospital, Sichuan University.

ECG-gated CMR was performed during a breath-hold
using a 3.0 T scanner (Magnetom Tim Trio; Siemens Medi-
cal Solutions, Erlangen, Germany) with an eight-channel
phased array body coil. Steady-state free precession cine
images were acquired in consecutive short-axis slices cover-
ing the whole ventricle and three long-axis slices (two, three,
and four chamber views). The parameters of the SSFP cine
were as follows: repetition time (TR) 3.4 ms, echo time (TE)
1.3 ms, flip angle 50°, field of view (FOV) 340 mm, matrix

Fig. 1 Patient selection flow
diagram
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size 256 x 144, slice thickness 8 mm, no gap. LGE images
were acquired at 3—5 and 10-15 min, respectively, after
intravenous administration of 0.15 mmol/kg gadopentetate
dimeglumine (Magnevist, Bayer Schering Pharma, Berlin,
Germany) using an inversion recovery turbo-flash sequence
in identical views [TR 700 ms, TE 1.56 ms, flip angle 20°,
matrix 256 X 144, inversion time (TI) was individually opti-
mized to null normal myocardial signal using a TI scout
sequence].

Images were analyzed on a workstation using Q-MASS 7.6
software (Medis, Leiden, The Netherlands). Briefly, endocardial
and epicardial borders were traced manually by an experienced
observer in the end-diastolic and end-systolic frames on succes-
sive short-axis cine images. Ventricular volume was calculated
by volume summation of consecutive short-axis slices. LVEF
was calculated as: (volume end diastole — volume end systole)/
volume end diastole). LV mass was derived by the summation
of the disk method and by multiplying muscle volume by its
density (1.05 g/cm?). The volumes of individual slices were
summated to obtain the LV end-diastolic volume (LVEDV) and
LV end-systolic volume (LVESV), which were then used to
calculate LVEF [LVEF = 100 X (LVEDV — LVESV)/LVEDV]
and LV mass (LV mass = myocardial LVEDV X myocardial
density taken as 1.05 g/dL). LVEDV index (LVEDVi) and
LVESYV index (LVESVi) were defined as the ratio of LVEDV
and LVESV, respectively, to body surface area. The papillary
muscles were included in the LV volumes and excluded in the
mass calculations.

In a similar manner, RV borders were identified on short-
axis images at the end diastole and end systole. The inter-
ventricular septum was considered part of the LV, whereas
the RV trabeculations were regarded as part of the RV cavity
volume. On the basal slices, only the portion of the volume
surrounded by the trabeculated myocardium was included
in the RV volume, whereas the pulmonary valve and the
right ventricular outflow track (surrounded by a thin and
non-trabeculated wall) were not traced. From the identified
borders, RV end-diastolic volume (RVEDV) and RV end-
systolic volume (RVESV) were calculated and indexed to
body surface area.

LGE images were first assessed visually for the presence
and location of LGE by two experienced readers (D.Y. and
H.L.) that were blinded to patient profiles and clinical out-
come, with any disagreement adjudicated by a third expert
reader (YCC). To exclude artifact, LGE was deemed pre-
sent only if visible in two orthogonal views. Because the
classification of cause of death is often problematic in AL
amyloidosis, all-cause mortality due to progressive disease
was the primary endpoint. Follow-up data were obtained by
review of the patient’s hospital chart or telephone interview
with the patient or relative. There was 100% follow-up.

Data were expressed as the mean + standard devia-
tion (SD). Continuous variables were summarized as the
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mean + SD where normally distributed with equal variances
and compared by Student’s ¢ test or analysis of variance.
Differences among the three groups were assessed by one-
way ANOVA or the Kruskal-Wallis test, followed by post
hoc pairwise comparisons using Bonferroni correction. Non-
parametrically distributed continuous data were presented as
medians with interquartile range (IQR) and compared by the
Wilcoxon rank sum test or Kruskal-Wallis test. NT-proBNP
and troponin T were log (In) transformed to achieve nor-
mality for further analysis. Variables for which P values in
the univariate analysis were smaller than 0.05 were entered
in a multivariate Cox proportional hazard model. Factors
independently associated with the primary endpoint were
identified using backward stepwise selection. We tested four
models. The first model included the significant clinical vari-
ables, the second model included all significant biological
variables, the third model included the significant functional
and tissue characteristics of the CMR, and the last model
included all significant clinical, biological, and CMR vari-
ables. Area under the curve (AUC) of the receiver operating
characteristic (ROC) analysis was performed to determine
the prognostic value and optimal cut-off point. Sensitivity,
specificity, positive predicted value (PPV), and negative pre-
dicted value (NPV) using relevant cut-offs were computed.
Survival curves were plotted with the Kaplan—-Meier method
using the log rank test for comparisons. All statistical analy-
ses were performed using SPSS 17.0 software for Windows
(IBM, Armonk, NY, USA). P < 0.05 was considered statisti-
cally significant.

Results
Study population

Sixty-one patients with AL amyloidosis [37 male (60.7%),
age 60 + 11 years] were included in the study; CA was diag-
nosed in 47 (77.0%) patients. The CA patients’ mean age
was 60 years (IQR 54-68), 28 (59.6%) were men, and six
(12.7%) had atrial fibrillation. The baseline demographic
and clinical characteristics of the patients and healthy vol-
unteers are summarized in Table 1. Compared with patients
without CA and healthy subjects, patients with CA had a
lower body mass index (BMI), worse biventricular function,
and higher left ventricular mass index (LVMI). Biventricular
end-systolic volume indices were higher in patients with CA
compared with patients without CA, but diastolic volume
indices were similar.

Survivors and non-survivors at 6 months follow-up
did not differ in age, sex, low voltage, or chemotherapy
(Table 2). Fourteen patients with AL amyloidosis underwent
chemotherapy after CMR; the most common treatments
included corticosteroids (100%), lenalidomide (64.2%),
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Table 1 Baseline demographic and cardiac magnetic resonance
imaging parameters

Healthy Patients P value
controls - -
(n = 47) No car'dlac Cardla'c
amyloid amyloid
(n=14) (n=47)
Age (years) 60 + 11 57+13 60 + 11 0.525
Male/female  28/19 9/5 28/19 0.945
BMI (kg/m?) 23 +3 24+2 21 + 4% 0.002
LVEF (%) 67+5 60 + 10 47 + 12" <0.001
LVEDVi (mL/ 72+ 12 72+ 15 73 + 19 0.959
m2)
LVESVi (mL/ 24 +7 30+ 11 39 + 147 <0.001
mz)
LVMI 51+9 66 + 137 92 +317  <0.001
RVEF (%) 61+5 55+7 45+ 15™  <0.001
RVEDVi 69 + 15 70 + 17 64 + 19 0.391
(mL/m?)
RVI;,SVi (mL/ 27 +7 27+5 35+ 147 <0.001
m-)

RVEDVi right ventricular end-diastolic volume index, RVESVi right
ventricular end-systolic volume index, RVEF right ventricular ejec-
tion fraction, LVEDVi left ventricular end-diastolic volume index,
LVESVi left ventricular end-systolic volume index, LVEF left ventric-
ular ejection fraction, LVMI left ventricular mass index

T P < 0.05, compared with healthy subjects
¥ P < 0.05, compared with patients without cardiac amyloid

cyclophosphamide (50%), and bortezomib (21.4%). Five
patients demonstrated a partial or better response to chemo-
therapy and three patients suffered progression in the survi-
vor cohort; four patients had a partial or better response and
two patients suffered progression in the non-survivor cohort.
Hematologic response was similar between the survivor and
the non-survivor cohort. In the CA group, 25 patients exhib-
ited low voltage on ECG, 16 were in NYHA class III, and
nine were in NYHA class IV. NYHA class was higher in
patients who died than in patients who survived. Patients
who died within 6 months showed higher NT-proBNP levels
than those who survived. CMR imaging data are shown in
Table 2. Patients who died within 6 months displayed greater
RVESVi, lower RVEF, and similar RVEDVi compared with
those who survived within 6 months. The RVESVi of the
healthy volunteers was 27 + 7 mL/m”. LV-LGE and RV-
LGE were less frequently observed in the survivor group.

Univariate and multivariate analyses in AL patients
with cardiac amyloidosis

During a mean follow-up period of 21 months, there were 27
deaths (57.4%) in the CA group. Six deaths occurred within
1 month of AL amyloidosis diagnosis, 17 within 6 months,
and 24 within 1 year. No deaths occurred in patients without

CA. The results of the univariate analyses in CA patients are
presented in Table 3. NYHA functional class, creatinine,
log NT-proBNP, LVEF, LVMI, RVEF, RVESVi, LV-LGE,
and RV-LGE were significantly related to survival. Table 4
shows the results of the multivariate analyses in CA patients.
RVESVi and RV-LGE were better predictors of adverse out-
come than other CMR variables, including LVEF and RVEF.
RVESVi (HR 1.033, 95% CI 1.004-1.063, P = 0.026 com-
bined model) and RV-LGE (HR 2.814, 95% CI 1.063-7.450,
P = 0.037 combined model) remained significantly associ-
ated with the primary outcome when all significant variables
of clinical, laboratory, and CMR model were added to the
model. ROC analysis revealed that the AUC of RVESVi was
0.757 (Fig. 2). The best RVESVi cut-off value for predicting
death was 32 mL/m?, with a sensitivity of 74.1%, specificity
of 74.9%, PPV of 79.9%, and NPV of 68.2%. The results of
the univariate Kaplan—-Meier survival analysis are shown
in Fig. 3a. The cut-off of 32 mL/m? discriminated the two
groups with a highly significant survival difference (log rank
test = 11.618, P < 0.001). The overall survival of the RV-
LGE-negative group was superior to that of the RV-LGE-
positive group (log rank test = 10.343, P = 0.001; Fig. 3b).
Two representative cases are presented in Fig. 4a, b.

Univariate and multivariate analyses in all AL patients

The unadjusted variables associated with all-cause death
analysis in patients with AL amyloidosis (including both
CA and non-CA patients) are reported in Table 3. By multi-
variate analysis, only log NT-proBNP and RV-LGE exhib-
ited a statistically significant association with mortality (HR
3.412,95% CI 1.484-7.845, P = 0.004 and HR 4.149, 95%
CI 1.623-10.607, P = 0.003, respectively) after adjustment
for the significant variables of the clinical, biological, and
CMR model (Table 5).

Discussion

Cardiac involvement is common in patients with AL amy-
loidosis and is characterized by a poor prognosis with lim-
ited treatment options [16]. In the present study, our results
indicate that higher RVESVi and positive RV-LGE portend
a worse prognosis in patients with AL CA. In patients with
AL amyloidosis, including both CA patients and non-CA
patients, NT-proBNP and RV-LGE were independent pre-
dictors of death.

Prognostic value of RV-LGE
LGE CMR is a robust technique used to assess myocar-

dial irreversible injury, such as myocardial focal fibrosis
[17] and amyloidosis [18]. Thus, the use of LGE CMR
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Table 2 Comparison of

. Characteristic Survivors (n = 30) Non-survivors (n = 17) P value

clinical and CMR parameters

between 6-month survivors Demographics

and I’lO.l’l—SL.eriVOIS with cardiac Age (years) 61 + 10 59 + 11 0.462

amyloidosis
Male [n (%)] 19 (63.3%) 9(59.2) 0.255
NYHA class 2.0 (1.0-3.0) 3.0 (2.0-4.0) 0.026
Low voltage [ (%)] 14 (46.7%) 11 (64.7%) 0.362
Chemotherapy [n (%)] 11 (36.7%) 3(17.6%) 0.204

Biochemical biomarkers
Kk:A ratio 1.5+1.0 1.4 +0.7 0.678
Troponin T (ng/L) 49.1 (25.5-116.4) 61.0 (61.0-209.4) 0.023
NT-proBNP (pg/ml) 4087 (1534-7872) 8338 (3820-14248) 0.058
Creatinine (pmol/L) 73.9 (52.9-104.4) 94.9 (69.4-136.0) 0.022
AST (IU/L) 25.0 (20.0-37.0) 34.5 (26.3-44.0) 0.031
ALT (IU/L) 22.0 (13.0-35.0) 25.0 (21.0-37.0) 0.227
UA (pmol/L) 393 (354.5-495.3) 485.5 (408.5-617.3) 0.062
CMR volume

LVEF (%) 48 + 12 44 + 11 0.186
LVEDVi (mL/m?) 74 +20 71+ 17 0.622
LVESVi (mL/m?) 38+ 15 40 + 13 0.654
LVMI 85 +31 105 + 27 0.031
RVEF (%) 48 + 14 38+ 13 0.021
RVEDVi (mL/m?) 61+ 19 69 + 20 0.201
RVESVi (mL/m?) 31+12 43 + 15 0.008
LV-LGE [n (%)] 22 (73.3%) 17 (100%) 0.038
RV-LGE [n (%)] 13 (43.3%) 14 (82.4%) 0.015

AST aspartate aminotransferase, ALT alanine aminotransferase, UA uric acid, LGE late gadolinium

enhancement

imaging has recently become a routine examination for the
evaluation of amyloid patients for the presence of LGE.
A previous study showed that LGE was a strong predictor
of 1-year mortality in patients with suspected CA [13]. A
recent study described transmural LGE as an important
marker of all-cause mortality in systemic amyloidosis [14].
Banypersad and colleagues [19] proposed that extracellu-
lar volume fraction measured by T1 mapping used as a
predictor of amyloid burden had a strong predictive role in
patients with AL amyloidosis. However, one of the known
limitations of T1 mapping is the sequence- and vendor-
specific difference, which limits the role of T1 mapping in
routine clinical practice. The LGE technique-based PSIR
reconstruction makes LGE a reliable prognostic parameter
in patients with cardiac amyloidosis. Multivariate analysis
revealed a 2.8-fold higher risk of death when RV-LGE was
present in our cohort. This data indicated that the visual
recognition of RV-LGE is a strong and independent pre-
dictor of patient mortality. In a recent study by Bodez et al.
[9], tricuspid annular plane systolic excursion (TAPSE)
was a significant independent predictor of mortality (HR
1.08, 95% CI 1.01-1.15), whereas RV-LGE was not sig-
nificant. We did not include TAPSE in our analysis and the
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differential importance of RV-LGE might also be due to
different patient population studied (transthyretin-related
CA in theirs versus AL-related CA in our study).

Prognostic value of RV functional parameter

As LV ejection fraction is generally preserved in patients
with CA, other markers of myocardial dysfunction are
needed for prognosis. Previous echocardiographic studies
have shown that changes in RV function have independent
prognostic power in patients with amyloidosis, such as Tei
index >0.9 [20], TAPSE <17 mm [8], and peak longitudinal
systolic basal anteroseptal strain <—7.5% [5]. CMR is the
gold-standard to evaluate RV function and there are limited
data on CMR RV parameters for prognosis in CA patients.
Our data demonstrate a decrease of biventricular function
between survivors and non-survivors at 6-month follow-up
and we have found that an increased RVESVi carried a nega-
tive prognosis.

Previous echocardiographic studies have demonstrated
that changes in LV function play a role in predicting mortal-
ity, such as mitral inflow deceleration time [21] and E/A and
E/E'ratios [3]. An echocardiographic finding of shorter LV
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Table 3 Uni-Cox proportional
hazard analysis of various

Cardiac amyloidosis

All AL amyloidosis

clinical and cardiac magnetic Unadjusted HR (95% CI) P value  Unadjusted HR (95% CI) P value
resonance imaging predictors
of long-term mortality in AL Demographics
amyloid patients Age 0.989 (0.954-1.025) 0.544 1.000 (0.967-1.034) 0.999
Gender 0.702 (0.330-1.495) 0.359 0.673 (0.316-1.433) 0.305
NYHA class 1.480 (1.029-2.018) 0.035 1.903 (1.356-2.670) <0.001
Low-voltage pattern 1.148 (0.537-2.456) 0.721 2.157 (1.007-4.623) 0.048
Biochemical biomarkers
Creatinine 1.012 (1.001-1.023) 0.040 1.004 (1.001-1.006) 0.003
UA 1.003 (1.000-1.005) 0.063 1.016 (1.005-1.027) 0.004
AST 1.008 (0.993-1.023) 0.281 1.000 (0.988-1.012) 0.936
ALT 1.007 (0.990-1.025) 0.424 1.001 (0.986-1.018) 0.860
Log Troponin T 2.660 (0.973-7.272) 0.056 5.188 (2.126-12.660) <0.001
Log NT-pro BNP 2.756 (1.163-6.532) 0.021 4.338 (2.090-9.004) <0.001
CMR parameters
LVEF 0.961 (0.930-0.994) 0.022 0.945 (0.916-0.975) <0.001
LVEDVi 1.006 (0.987-1.025) 0.542 1.007 (0.987-1.028) 0.485
LVESVi 1.026 (1.000-1.054) 0.051 1.038 (1.012-1.065) 0.004
LVMI 1.012 (1.001-1.023) 0.029 1.018 (1.008-1.029) 0.001
RVEF 0.957 (0.929-0.984) 0.002 0.941 (0.915-0.969) <0.001
RVEDVi 1.012 (0.994-1.031) 0.193 1.007 (0.988-1.027) 0.475
RVESVi 1.046 (1.019-1.074) 0.001 1.059 (1.031-1.087) <0.001
LV-LGE 8.326 (1.126-61.562) 0.038 23.222 (3.139-171.783) 0.002
RV-LGE 3.010 (1.341-6.758) 0.008 7.101 (2.839-17.759) <0.001
Tabl'e 4 Multivar'iat? mode}s Cox regression Wald Chi square Hazard ratio 95% C1 P value
predicting mortality in cardiac
amyloidosis Simple models
Model 1: clinical model
NYHA class 4.63 1.480 1.029-2.128 0.035
Model 2: biochemical model
Log NT-pro BNP 4.89 2.646 1.117-6.270 0.027
Model 3: CMR model
RVESVi 11.86 1.033 1.004-1.063 0.026
RV-LGE 16.17 2.814 1.063-7.450 0.037
Combined models [models 1 + 2+3 (all significant variable model 1-2-3)]
RVESVi 11.86 1.033 1.004-1.063 0.026
RV-LGE 16.17 2.814 1.063-7.450 0.037

ejection time (240 ms) has independent and additive prog-
nostic value to clinical heart failure evaluation in determin-
ing long-term survival of AL patients [22]. We found LVEF
not to be a marker of all-cause mortality in multivariate
analysis after adjustment for established prognostic indica-
tors, including LV-LGE, RV-LGE, RV parameters, LVMI,
and NYHA functional class, but we have not evaluated the
prognostic power of diastolic parameters of the LV filling
as shown by the echocardiographic studies. In addition, our
study identified the value of NT-proBNP and RV-LGE as

independent factors of death in all amyloid patients. This
result is consistent with the Mayo Clinic staging system that
shows that troponin T and NT-proBNP are independently
prognostic for overall survival in patients with AL amyloi-
dosis [23].

Clinical implications

We investigated the prognostic value of RV volume, func-
tion, and tissue characteristics using CMR in AL patients
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Fig.2 ROC analysis of the study population indicated that an
RVESVi of 32 mL/m? was the most suitable cut-off value for predict-
ing death from all causes

with CA. On multivariate analysis, RVESVi and RV-LGE
are independently associated with an adverse outcome.
Furthermore, in patients with CA, an RVESVi greater than
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32 mL/m? identified a cohort of patients who may be at
high risk of death. There is some variability in survival
and clinical course in AL patients, and it is important to
be able to stratify these patients to guide therapeutic deci-
sions. Prospective trials aimed at early detection of poor
prognosis and employment of aggressive treatment strate-
gies such as transplantation or chemotherapy with stem cell
transplantation should be conducted to provide therapeutic
guidance.

Study limitations

The present study has several limitations. The patient
sample size was relatively small; however, given the low
prevalence of CA, our study numbers compare favorably
with previously published studies. Endomyocardial biopsy
was not performed, but AL amyloidosis was found in other
organs, and all patients met the criteria for clinical diag-
nosis of CA. Diagnostic algorithms integrating clinical
presentation, electrocardiography, echocardiography,
and blood biomarkers can obviate the need for myocar-
dial biopsy. Furthermore, cardiac response assessment is
not regularly performed after chemotherapy at our center.
Finally, our study was performed in a tertiary referral
center, and our results may not be extrapolated to all AL
populations.
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Fig. 3 Complication-free survival curves by Kaplan-Meier analysis. a ROC curve-derived cut-off value of RVESVi of 32 mL/m? predicted
death. b Significant differences were observed in patients with positive RV-LGE compared with patients who were RV-LGE negative
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A

Fig. 4 Representative two cases with cardiac amyloidosis. a A
68-year-old female with light chain amyloidosis. CMR cine in the
short-axis view demonstrates LV hypertrophy. Cine-MR showed
preserved normal biventricular systolic global LV function (LVESVi
33.5 mL/m?, LVEF 51.0%, RVESVi 35.5 mL/m?, RVEF 62.3%). The
LGE-MRI images on the mid and right panel showed subendocardial
LGE in the left ventricle and LGE in the right ventricle (arrow indi-
cated). The patient did well during follow-up. b A 76-year-old male

patient with reduced RVEF. CMR cine in the short-axis view dem-
onstrates biventricular hypertrophy, increased right ventricular wall
thickness, and circumferential pericardial effusion. LGE positive was
shown in LV and RV (mid-panel, arrows). Cine-MR showed altered
systolic global LV function (LVESVi 59.9 mL/m?, LVEF 31.0%,
RVESVi 65.2 mL/m?, RVEF 34.0%). Despite optimal medical ther-
apy, this patient suffered NYHA Class III heart failure and died in
hospital after diagnosis with amyloidosis at the 6th month

Table 5 Multivariate models

o e Cox regression Wald Chi square Hazard ratio 95% CI P value
predicting mortality in AL
amyloidosis Simple models
Model 1: clinical model
NYHA class 13.867 1.480 1.029-2.128 <0.001
Model 2: biochemical model
Log NT-pro BNP 15.504 4.338 2.090-9.004 <0.001
Model 3: CMR model
RVEF 4.619 0.967 0.939-0.997 0.032
LV-LGE 3.629 8.338 0.941-73.896 0.057
RV-LGE 3.069 2411 0.901-6.456 0.080
Combined models [models 1 + 243 (all significant variables model 1-2-3)]
Log NT-pro BNP 8.345 3412 1.484-7.845 0.004
RV-LGE 8.829 4.149 1.623-10.607 0.003
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Conclusions

RV size and tissue characteristics are significantly abnor-
mal in patients with cardiac amyloid, in which the accurate
assessment of RV by CMR provides significant independent
predicting value for mortality in patients with amyloidosis.
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