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Background: Reports show that the left ventricular myocardial work index (LVMWI) is a novel parameter
for evaluating cardiac function. Decompensated heart failure leads to a high rate of early mortality in
advanced patients with light-chain cardiac amyloidosis (AL-CA) and prevents them from a relatively delayed
response to chemotherapy. This study aimed to assess the association of the LVMWTI with short-term
outcomes and to construct a simple model for risk stratification.

Methods: A total of 79 patients with an initial diagnosis of AL-CA were included in this retrospective
cohort study. LVMWI was calculated by integrating brachial artery cuff blood pressure and left ventricular
longitudinal strain (LVLS). The short-term outcome was defined as 6-month all-cause mortality. Receiver
operating characteristic (ROC), logistic regression, and Kaplan-Meier analysis were used in this study.
Results: The median follow-up time was 21 months (3-—36 months), and 23 (29%) patients died in the first
6 months. The time-dependent ROC and the area under the curve (AUC) showed that the LVMWTI had the
best predictive potential at the 6-month time point [AUC =0.805; 95% confidence interval (CI): 0.690-0.920].
A bivariate prognostic model based on the LVMWI was constructed, and D-dimer showed a synergistic effect
with optimum predicted potential (AUC =0.877; 95% CI: 0.791-0.964). Kaplan-Meier analysis demonstrated
that patients with two, one, and none of the variates beyond the cut-off value bore a different risk of 6-month
all-cause mortality (accumulated mortality was 86%, 30%, 3%, respectively; log-rank, P<0.001). Multivariate
nested logistic regression showed that the level of D-dimer provided an incremental prognostic value (Ay’=10.3;
P=0.001) to the value determined from New York Heart Association (NYHA) classification and the LVMWI.
Conclusions: The LVMWI is associated with the short-term outcome of patients with AL-CA. The
D-dimer test provides additional prognostic information for the LVMWI.
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Introduction

Systemic light-chain amyloidosis is a progressive disease
characterized by the extracellular deposition of insoluble
amyloid fibrils in various organs, causing dysfunction (1).
The infiltration in the myocardium could lead to irreversible
congestive heart failure in a restrictive pattern (2), with
a median survival of 3-6 months (3). For these advanced
patients, relatively delayed chemotherapy responses may
not improve the outcome (4,5), and the prognosis mainly
depends on their cardiac function. Therefore, light-chain
cardiac amyloidosis (AL-CA) is a critical subgroup of
systemic light-chain amyloidosis. Further examination of
AL-CA is required to understand its role in prognostic
evaluation, especially the short-term risk of death, to
optimize the risk stratification of patients.

Echocardiographically-derived left ventricular
longitudinal strain (LVLS) is a useful marker that reflects
the amyloid burden (6). However, the load dependency of
longitudinal strain (LS) affects the accuracy of evaluating
myocardial contractile function (7). The left ventricular
myocardial work index (LVMWI) is a novel, noninvasive
index that integrates brachial artery cuff blood pressure
and LVLS; it overcomes the interference of afterload when
assessing myocardial deformation (8).

Initial studies reported that, global LVMWI is associated
with the long-term prognosis of patients with cardiac
amyloidosis (CA) (9,10). However, these studies did not
report on individual types of amyloidosis. Considering
the poor prognosis of AL-CA, specific short-term risk
stratification may be meaningful to recognize advanced
patients.

An increased D-dimer level is a concern in many
hematologic malignancies and has been independently
associated with a poor prognosis (11,12). However, only
one study has described the D-dimer level in AL-CA
patients and assessed its prognostic value (13). The clinical
applicability of this variate is attractive, but it needs further
verification.

Therefore, we aimed to assess whether the LVMWI
has satisfactory short-term prognostic potential for AL-
CA patients and to construct a simple bivariate prognostic
model based on LVMWTI and D-dimer levels. We present
the following article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-386/rc).
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Methods
Study population

Patients with biopsy-confirmed immunoglobulin AL-CA
were retrospectively enrolled and analyzed from July 2015 to
March 2021. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the Ethics Committee of the First Affiliated
Hospital, Medical School of Zhejiang University, and
individual consent for this retrospective analysis was waived.

The diagnostic criteria for AL-CA were as follows
(14,15): (I) an endomyocardial or extracardiac biopsy with
Congo red staining showing apple-green birefringence
under polarized light after potassium permanganate
pretreatment; (II) evidence of monoclonal kappa or lambda
protein in serum/urine immunofixation electrophoresis or
biopsy immunohistochemistry; and (III) echocardiographic
features of cardiac involvement shown by the presence of a
granular “sparkling” appearance of the myocardium as well
as increased interventricular septum thickness and/or an left
ventricular (LV) posterior wall that was greater than or equal
to 12 mm thick, which could not be attributed to hypertension
alone. Patients who met the following criteria were excluded: (I)
previous diagnosis of AL-CA and completion of chemotherapy
(n=8); (II) unavailable noninvasive brachial artery cuff blood
pressure at the time of echocardiographic examination (n=1);
(III) results with poor image quality (n=0); (IV) incomplete
follow-up information (n=2); and (V) refusal to undergo
chemotherapy (n=4).

Patient baseline clinical and demographic characteristics
including age, gender, underlying diseases, blood pressure,
New York Heart Association (NYHA) classification, and
type of light-chain, as well as laboratory characteristics
including the levels of natriuretic peptide, D-dimer, alkaline
phosphatase, and creatinine (Cr), the estimated glomerular
filtration rate (eGFR), and total bilirubin (TBil) were
collected from the patients’ medical records within 2 weeks
of the echocardiographic study. Among the data collected,
the levels of N-terminal pro-B-type natriuretic peptide
(N'T-proBNP) and or B-type natriuretic peptide (BNP)
were available and analyzed in 72 (91%) patients. Previous
studies have shown that abnormal natriuretic peptide
involves an N'T-proBNP level greater than 8,500 pg/mL
and or a BNP level greater than 700 pg/mL (16,17). The
D-dimer level was available in all cases and was represented
as fibrinogen equivalent units (FEU). The 6-month all-
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cause mortality was defined as the endpoint of the short-
term outcome, which was registered by the electronic
medical record system and telephone follow-up. The whole
follow-up period was defined as the data from the initial
echocardiograph to death or the last follow-up, which
occurred in September 2021.

Echocardiography

Comprehensive 2-dimensional (2D) echocardiography
(Vivid E9; GE Vingmed Ultrasound, Horten, Norway) and
offline analysis were performed by a single experienced
investigator. Measurements in this study were in accordance
with the guidelines of the American Echocardiography
Association (18,19).

The LV end-diastolic posterior wall and interventricular
septum thickness were measured in the parasternal long
axis view. The left ventricular ejection fraction (LVEF) was
measured by the biplane Simpson method. The normal
value of LVEF was defined as >52% for males and >54% for
females, according to the recommendations from current
guidelines (18). An apical 4-chamber view was acquired
to measure the peak mitral flow velocities during early
diastole (E). Tissue Doppler echocardiography was
performed to measure the early diastolic mitral annular
velocity (¢) at the lateral and septal sides. Lateral and septal
velocities were averaged, and the value of E/e’ was defined
as the ratio of E and averaged ¢’.

Echocardiographic recordings were processed offline
using dedicated software (EchoPAC 203; GE Vingmed
Ultrasound). Poor image quality was defined as a frame rate
of fewer than 40 frames per second or an inability to visualize
or adequately trace more than 2 myocardial segments.
According to the description from Russell er al. (8),
LVMWTI was calculated by the pressure-strain loop (PSL),
which integrates LVLS and brachial artery cuff blood
pressure, and was synchronized with echocardiography-
derived valvular timing events. LVLS represents the average
peak systolic LS in 3 views (apical long axis, 2-chamber,
and 4-chamber views), using 2D speckle tracking imaging.
Regions of interest were adjusted to optimize the tracer
results. Noninvasive systolic brachial artery cuff pressure,
as a surrogate for LV systolic pressure, was combined with
strain to construct the PSL. The area of LV PSL represents
the myocardial work from the mitral valve’s closure to its
opening. The constructive work consists of the positive
work for contracting myocardium in systole and the
negative work for lengthening in isovolumetric relaxation.
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In contrast, the wasted work consists of the negative work
in systole and the positive work in isovolumetric relaxation.
Constructive work divided by the sum of constructive and
wasted work provided the myocardial work efficiency. Based
on the LV short axis views, LV was evaluated at 3 regions:
apical, mid, and basal. According to the formula previously
reported (20), the relative regional work ratio was defined
as the average apical LVMWI divided by the sum of the
average mid and basal LVMWTI values.

Statistical analysis

Continuous variables were presented as the mean + standard
deviation or median (interquartile range) according to the
normality, which was verified by the Kolmogorov-Smirnov
test. To compare clinical characteristics between different
CA subgroups, the Student’s #-test or the Mann-Whitney
U test was used, as appropriate. Categorical variables were
presented as a number (frequency) and compared using the
chi-squared test or Fisher’s exact test.

Spearman correlation analysis was used to explore
the association between LVMWTI and other clinical
characteristics. A correlation coefficient greater than
0.6 was considered as collinearity. The time-dependent
receiver operating characteristic (ROC) and the area
under the curve (AUC) were used to assess the accuracy
of echocardiographic indicators in predicting outcomes
at different time points. The Youden index was calculated
to find the optimal cut-off value. Logistic regression was
used to screen potential prognostic factors and structure
a bivariate prognosis model. Multivariate nested logistic
regression was used to verify the cumulative prognostic
value of variates with log-likelihood chi-squared tests.
Kaplan-Meier analysis was used to evaluate the cumulative
mortality rate of the bivariate model based on the log-rank
test. Intra-observer variabilities of LVMWI were assessed
using the intraclass correlation coefficient (ICC) in 10
randomly selected patients with AL-CA. The software
packages SPSS 23.0 (IBM Corp., Armonk, NY, USA) and R
(version 4.0.5; The R Foundation for Statistical Computing,
Vienna, Austria) were used for statistical analyses. A P value
less than 0.05 was considered statistically significant.

Results
Study population

A total of 79 patients with AL-CA were enrolled in this
study (Figure S1) (mean age, 62.7+7.9 years; 72% male).
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Table 1 Clinical characteristics of AL-CA patients
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All-cause mortality during 6 months

Variables Total (n=79)
Survivors (n=56) Non-survivors (n=23)
Clinical characteristics
Age (year) 62.7+7.9 62.1+7.6 64.0+8.5
Gender (male, %) 57 (72.2) 41 (73.2) 16 (69.6)
Hypertension (%) 19 (24.1) 14 (25.0) 5(21.7)
Diabetes (%) 8 (10.1) 6(10.7) 2(8.7)
Coronary heart disease (%) 3(3.8) 1(1.8) 2 (8.7)

SP (mmHg)

DP (mmHg)

NYHA Class >l (%)

Type of light-chain (lambda, %)
Laboratory characteristics

Abnormal natriuretic peptide® (%)

D-dimer (FEU) (ug/mL)

ALP (U/L)

Cr (umol/L)

eGFR (mL/min/1.73 m?)

TBil (umol/L)

103.0 (93.0, 115.5)
64.0 (59.0, 76.0)
39 (49.4)

57 (72.2)

31/72 (43.1)
1.0 (0.7, 2.0)
90.0 (73.5, 127.0)
91.0 (79.0, 122.5)
74.4 (53.1, 87.4)
7.4 (4.8,13.1)

105.0 (94.0, 117.0)
67.5 (59.5, 77.0)
19 (33.9)

40 (71.4)

15/50 (30.0)
0.9 (0.5, 1.5)
89.5 (75.0, 118.0)
86.0 (74.5, 107.0)
81.6 (59.3, 89.3)
6.6 (4.2, 10.4)

95.0 (89.0, 107.0)*
62.0 (56.5, 67.5)
20 (87.0)™
17 (73.9)

16/22 (72.7)"
1.9 (1.1, 4.6)"
91.0 (70.0, 156.5)
105.0 (87.5, 173.5)*
66.2 (33.0, 76.3)
12.0 (7.2, 20.9)*

¥, n=72. Data are expressed as mean = standard deviation, median (interquartile range), or number (frequency). Abnormal natriuretic
peptide means BNP >700 pg/mL and or NT-proBNP >8,500 pg/mL. The level of D-dimer was represented as FEU. *, P<0.05; **, P<0.01;
*** P<0.001; comparison between survivor and non-survivor during 6 months. AL-CA, light-chain cardiac amyloidosis; SP, systolic
pressure; DP, diastolic pressure; NYHA, New York Heart Association; FEU, fibrinogen equivalent units; ALP, alkaline phosphatase; Cr,
creatinine; eGFR, estimated glomerular filtration rate; TBil, total bilirubin; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro-B-

type natriuretic peptide.

There were 57 patients (72%) with a positive lambda light
chain, and 22 patients (28%) with a positive kappa light
chain. The median follow-up time was 21 months (3-36
months). In total, chemotherapy was planned in all patients
but was ultimately not performed in 6 (8%) patients, all
of whom died prior to undergoing chemotherapy. The
median time between echocardiographic measure and
death was 10 (range, 6-40) days. The median time between
chemotherapy and the echocardiographic operation was
9 (range, 4-22) days. Between patients with or without
natriuretic peptide, no statistical difference was found in
mortality, age, gender, chronic disease, blood pressure, or
LVMWI.

The clinical characteristics of patients are listed in Zable 1.
A total of 23 (29%) patients died in the first 6 months; these
patients had a lower level of systolic pressure and eGFR,
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a higher proportion of NYHA Class >II and abnormal
natriuretic peptide, and a higher level of D-dimer, Cr,
and TBil. Almost all patients (22/23, 96%) died of cardiac
events. Only 1 patient died of severe liver failure due to
primary involvement of the liver.

Echocardiographic characteristics

As shown in 7able 2, echocardiographic characteristics were
compared between survivors and non-survivors. In the first
6 months, non-survivors had thicker interventricular septal
and posterior wall thickness, a higher level of LV mass
index, left atrial volume index, E/e’ ratios, and tricuspid
regurgitation gradient, and a lower level of LVEE.

The 2D speckle tracking imaging reported a lower
magnitude of LVLS (the absolute value), LVMWI, LV
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All-cause mortality in 6 months

Variables Total (n=79)
Survivors (n=56) Non-survivors (n=23)
General echocardiographic characteristics
IVST (mm) 17.3£2.8 16.6+£2.5 18.9+£3.1*
PWT (mm) 15.6+3.0 15.1£2.8 16.7+3.2*
LVMI (g/m?) 138.5+50.4 125.8+35.3 169.4+67.0**
LAVI (mL/m?) 37.6+13.9 34.7+12.7 44 .5+14.7*
E/e’ (ratio) 17.6+£8.4 15.9+7.6 21.6+9.1*
LVEF (%) 59.0 (50.5, 61.5) 60.0 (55.0, 62.5) 48.0 (43.5, 56.5)**
TR gradient (m/s) 2.6 (2.4,2.9 25(2.4,2.8) 2.8 (2.6, 3.0)
Two-dimensional speckle tracking imaging
LVLS (%) -12.3+4.2 -13.6+3.7 -9.3+4.0"*

LVMWI (mmHg%) 860.0 (672.0, 1,231.0)

LVMCW (mmHg %) 1,027.0 (809.5, 1,492.0)
LVMWW (mmHg%) 78.0 (44.0, 105.0)
LVMWE (%) 90.0 (86.0, 93.0)

Relative regional work ratio 0.8(0.7,1.2)

1,029.5 (815.5, 1,382.5)
1,243.5 (927.0, 1,610.5)
80.5 (44.5, 116.5)
92.0 (89.0, 94.0)
0.8 (0.6, 1.0)

593.0 (487.5, 753.0)™*
741.0 (597.0, 891.5)
69.0 (41.0, 99.0)
86.0 (83.5, 89.5)**
1.1(0.7, 1.3)"

Data are expressed as mean =+ standard deviation, median (interquartile range). *, P<0.05; **, P<0.01; ***, P<0.001; comparison between
survivor and non-survivor during 6 months. AL-CA, light-chain cardiac amyloidosis; IVST, interventricular septal thickness; PWT, posterior
wall thickness; LVMI, left ventricular mass index; LAVI, Left atrial volume index; E/e’, ratio of peak early diastolic mitral inflow velocity
to peak early diastolic mitral annular velocity; LVEF, left ventricular ejection fraction; TR, tricuspid regurgitation; LVLS, left ventricular
longitudinal strain; LVMWI, left ventricular myocardial work index; LVMCW, left ventricular myocardial constructive work; LVMWW, left
ventricular myocardial wasted work; LVMWE, left ventricular myocardial work efficiency.

myocardial constructive work, and work efficiency in the
non-survivor group. No statistical difference was found
in LV myocardial wasted work between these 2 groups.
Further, the level of relative regional work ratio was
significantly higher in the non-survivor group than in the
survivor group.

Time-dependent ROC curves analysis

Figure 1 shows representative PSLs and bull’s eye maps
in patients with normal cardiac function and AL-CA. To
explore the accuracy of LVMWI for predicting all-cause
mortality at different time points, time-dependent ROC was
performed in this study (Figure 2). The AUC of 6-month,
1-year, and 2-year all-cause mortality for LVMWI were
0.805, 0.788, and 0.711, respectively. The continuous AUC
curve showed that the LVMWTI had the best predictive
potential at the 6-month time point.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Univariable and multivariate analysis for 6-month all-
cause mortality

Univariable logistic regression analysis was used to
screen potential candidates to structure a bivariate model
(1able 3). Among these variates, LVMWI showed the best
potential in predicting a 6-month outcome [AUC =0.805;
95% confidence interval (CI): 0.690-0.920]. To observe
the collinearity of variates, a correlation analysis between
LVMWI and other clinical characteristics was performed
(Table S1). Finally, 9 variates with less collinearity were
combined with LVMWTI to construct a bivariate model
(Table 4 and Table S2). The results showed that the model,
including LVMWI and D-dimer, had the optimum
predictive value (AUC =0.877; 95% CI: 0.791-0.964). The
model that included LVMWI and NYHA Class >IT had an
acceptable predictive value (AUC =0.854; 95% CI: 0.755-
0.953). However, neither the abnormal natriuretic peptide
nor the relative regional work ratio provided additional
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Figure 1 The pressure-strain loop and bull’s eye map in patients with normal cardiac function (control) and AL-CA. LVP, left ventricular
pressure; ANT, anterior; SEPT, septal; INE, inferior; LAT, lateral; LVMWI, left ventricular myocardial work index; AL-CA, light-chain

cardiac amyloidosis.
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Table 3 Univariable logistic regression analysis and receiver operating characteristic to predict 6-month all-cause mortality

Variables

Univariate OR (95% ClI)

Cardiac function
Systolic pressure (mmHg)
NYHA Class >l
Abnormal natriuretic peptide®
Type of light-chain (lambda, %)
LVMI (g/m?)
LAVI (mL/m?)
E/e’
LVEF (%)
TR gradient (m/s)
LVMWI (mmHg %)

Relative regional work ratio
(per 0.1 increase)

Other laboratory characteristics
D-dimer (FEU) (ug/mL)
ALP (U/L)
Cr (umol/L)
TBil (umol/L)

0.966 (0.932, 1.001)
12.982 (3.421, 49.266)
6.222 (2.038, 19.000)

0.882 (0.295, 2.642)

1.019 (1.007, 1.032)

1.055 (1.015, 1.097)

1.087 (1.021, 1.158)

0.886 (0.829, 0.947)
4.485 (1.008, 19.966)

0.997 (0.995, 0.999)

1.216 (1.054, 1.404)

1.421 (1.028, 1.965)
1.002 (0.999, 1.004)
1.012 (1.003, 1.022)
1.048 (1.001, 1.097)

139
P AUC (95% Cl) P
0.057 0.649 (0.509, 0.790) 0.038
<0.001 0.765 (0.653, 0.877) <0.001
0.001 0.714 (0.583, 0.845) 0.004
0.823 0.512 (0.372, 0.653) 0.863
0.002 0.703 (0.559, 0.848) 0.005
0.007 0.689 (0.558, 0.821) 0.008
0.010 0.692 (0.560, 0.823) 0.008
<0.001 0.760 (0.630, 0.891) <0.001
0.049 0.658 (0.522, 0.794) 0.028
<0.001 0.805 (0.690, 0.920) <0.001
0.008 0.670 (0.528, 0.812) 0.018
0.034 0.743 (0.622, 0.863) 0.001
0.197 0.503 (0.346, 0.661) 0.961
0.011 0.681 (0.546, 0.817) 0.012
0.046 0.729 (0.606, 0.853) 0.001

#, n=72. Abnormal natriuretic peptide means BNP >700 pg/mL and or NT-proBNP >8,500 pg/mL. OR, odds ratio; Cl, confidence interval;
AUC, the area under the curve; NYHA, New York Heart Association; LVMI, left ventricular mass index; LAVI, left atrial volume index; E/
e’, ratio of peak early diastolic mitral inflow velocity to peak early diastolic mitral annular velocity; LVEF, left ventricular ejection fraction;
TR, tricuspid regurgitation; LVMWI, left ventricular myocardial work index; FEU, fibrinogen equivalent units; ALP, alkaline phosphatase; Cr,

creatinine; TBIl, total bilirubin; BNP, B-type natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

predictive information for LVMWI. A multivariate nested
logistic regression model enrolled LVMWI, NYHA Class,
and D-dimer. The chi-square value of NYHA class was 20.0
(P<0.001). The addition of LVMWI improved the power
of the model (Ay’=8.2; P=0.004). By adding D-dimer as an
extra variable, the model was further improved significantly
(Ax’=10.3; P=0.001) (Figure 3).

"To construct a risk stratification for advanced patients with
AL-CA, all participants were divided into 3 groups according
to the cut-off value: Group 1, LVMWI >802 mmHg%
and D-dimer <1.4 pg/mL FEU; Group 2, LVMWI
<802 mmHg% or D-dimer >1.4 pg/mL FEU; and Group
3, LVMWI <802 mmHg% and D-dimer >1.4 pg/mL
FEU. Kaplan-Meier analysis demonstrated that these 2
variates had a synergistic effect, as the accumulated 6-month
mortality of patients in Group 3 was significantly higher
than that of patients in Group 2 (86% vs. 30%; log-rank,
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P<0.001) and Group 1 (86% vs. 3%; log-rank, P<0.001).
Additionally, the accumulated 6-month mortality of patients
in Group 2 was higher than in Group 1 (30% vs. 3%; log-
rank, P=0.003; Figure 44). Similar results were also obtained
from the analysis of short-term accumulated mortality for
AL-CA patients with normal LVEF (Figure 4B). During the
long-term follow-up, this simple model still showed clinical
potential in risk stratification (Figure S2).

Intra-observer variability of LVMWI

To verify the intra-observer variability of LVMWI, the
measurement of LVMWI from 10 randomly selected
patients with AL-CA was independently performed by a
single experienced investigator. The investigator measured
the intra-observer variability of LVMWI twice on separate
days with a washout period of more than 1 month. The
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Table 4 Multivariate logistic regression analysis to predict 6-month all-cause mortality

Models Multivariate OR (95% ClI) P The AUC of bivariate model
Model 1

LVMWI 0.998 (0.996, 0.999) 0.013

NYHA Class >l 7.606 (1.856, 31.159) 0.005 0.854 (0.755, 0.953)
Model 2

LVMWI 0.997 (0.995, 0.999) 0.001

Abnormal natriuretic peptide® 2.477 (0.676, 9.076) 0.171 0.805 (0.690, 0.920)
Model 3

LVMWI 0.997 (0.995, 0.999) <0.001

Relative regional work ratio 1.065 (0.911, 1.246) 0.429 0.805 (0.690, 0.920)

(per 0.1 increase)
Model 4

LVMWI 0.996 (0.994, 0.998) 0.001

D-dimer 1.640 (1.006, 2.673) 0.047 0.877 (0.791, 0.964)

¢, n=72. OR, odds ratio; Cl, confidence interval; AUC, the area under the curve; LVMWI, left ventricular myocardial work index; NYHA,

New York Heart Association.

50

40

30

20

Chi-square test

10+

0 T
Six-month all-cause mortality

Figure 3 Nested logistic regression model showing cumulative
prognostic potential for variates (NYHA Class, LVMWI, and
D-dimer). NYHA, New York Heart Association; LVMWI, left

ventricular myocardial work index.

intra-observer ICCs revealed good repeatability for
LVMWI (Table S3).

Discussion

In our study, we found that LVMWI showed the best
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predictive potential of all-cause mortality at the 6-month
time point for AL-CA patients, and D-dimer had a
synergistic value with LVMWTI for predicting short-term
outcomes.

By relying on 2D speckle tracking imaging and brachial
artery cuff blood pressure, LVMWI was measured as
an extension to the existing LVLS. Doing so overcame
the interference of afterload when assessing myocardial
deformation and may provide a novel perspective for
evaluating cardiac function. Unlike LVLS, LVMWI
reflected the cardiac work in the whole cardiac cycle
rather than during systole. Previous studies have reported
the clinical potential of myocardial work parameters in
several cardiovascular diseases (21-27). For patients with
AL-CA, cardiac involvement is always more severe than
transthyretin amyloidosis (28). A previous study reported
that 6-month cardiac and renal responses were 26.1% and
22%, respectively, in AL amyloidosis treated with frontline
bortezomib (5). Therefore, poor cardiac function and
relatively delayed response to chemotherapy cause a higher
proportion of early death for patients with AL-CA and
necessitate a specific short-term risk stratification for this
subgroup.

One study measured the level of LVMWI in 34 light
chain and 66 transthyretin amyloidosis patients and
identified its potential in predicting long-term outcomes (9).
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Figure 4 Kaplan-Meier analysis depicting the time to cumulative mortality in the first 6 months. (A) The analysis for all AL-CA patients.
(B) The analysis for AL-CA patients with normal LVEF. AL-CA, light-chain cardiac amyloidosis; LVEF, left ventricular ejection fraction;

LVMWI, left ventricular myocardial work index.

This team also found inefficient myocardial energy
exploitation in patients with CA (29). Another study, which
included 26 light chain and 92 transthyretin amyloidosis
patients, reported similar results (10). However, no studies
have focused on the short-term or long-term outcomes
of patients with AL-CA alone. In our study, 79 patients
diagnosed with AL-CA were enrolled, and a high mortality
rate (29%) was reported in the first 6 months. Almost
all patients died of cardiogenic events. Time-dependent
ROC curve analysis showed that LVMWTI had the best
predictive potential at the 6-month time point. This is
understandable because 6 months may reflect the “blank
period” of chemotherapy, and the 6-month prognosis
mainly depends on the patient’s own cardiac function. This
may partly explain why chemotherapy does not improve the
outcome of AL-CA patients with irreversible heart failure.
Identifying this high-risk group through risk stratification
and helping them safely pass the blank period could
enable them to benefit from chemotherapy. Additionally,
daratumumab, as a new treatment, has been shown to
benefit patients with advanced AL-CA (30,31). How to
accomplish careful patient selection under precise risk
stratification is a quandary worth exploring.

In this study, the abnormal natriuretic peptide and
relative regional work ratio failed to provide prognostic
information for LVMWI, suggesting that LVMWTI has an

advantage in evaluating cardiac function. Further, a bivariate
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model including LVMWI and D-dimer was shown to have
a synergistic value in predicting the 6-month prognosis.
Patients with 2, 1, and none of the variates beyond the cut-
off value showed a significantly different risk of 6-month all-
cause mortality. This potential for risk stratification was also
applied to the subgroup who had normal LVEE, reflecting its
superiority in recognizing subclinical systolic dysfunction.

In patients with AL-CA, the level of D-dimer is less
of a concern. However, its elevation has attracted great
attention in many malignancies and is associated with a
poor prognosis (12,32,33). Only one study retrospectively
enrolled 897 patients with AL amyloidosis and found a high
prevalence (approximately 50%) of elevated D-dimer. The
prognostic analysis confirmed that D-dimer was associated
with survival in all cardiac stages (13). These meaningful
results suggested that D-dimer could provide additional
prognostic information beyond cardiac function, which may
be attributed to thrombophilia and fibrinolytic activation,
vascular involvement and endothelial dysfunction, or the
extent of organ involvement (13) Unlike the indicators
reflecting the mechanical systolic and diastolic function,
such as LVMWI, D-dimer is more likely to reflect a
systemic, multi-organ involved state in the whole body.
Although the prognostic value of D-dimer alone was not
satisfactory, it provides a new perspective and supplement
on the short-term prognosis of AL-CA. The application
of this sample model may be meaningful to recognize
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moderate- and high-risk patients and help them through
the early stages of the disease.

Limitations

The present study has some limitations. (I) This study was
retrospective and conducted in a single center with a small
sample size. To avoid overfitting of the prognostic model,
only limited variates were selected. Further prospective,
multicenter investigations with a larger sample size are
required to confirm our findings. (II) The acknowledged
Mayo score was unable to be reported because troponin
(n=31), natriuretic peptide (n=7), and free light chain (n=39)
were not available in all patients. Therefore, our findings
can only be explained to a limited extent. To reduce the
impact of missing data on the results, troponin and free
light chain were not included in this study, and the natriuretic
peptide was added as a variate to construct a bivariate model.
(III) The LV stress-strain loop area, rather than the PSL area,
is more persuasive in illustrating LVMWI (9). According
to Laplace’s law, patients with CA are characterized by
decreased LV wall stress levels, which are mainly attributed
to the increase in ventricular wall thickness and decrease
in the LV radius. (IV) Moreover, the use of brachial artery
systolic pressure as the surrogate of LV pressure is imprecise.
Therefore, the actual myocardial work of patients with
AL-CA may be lower than that reported in our study.

Conclusions

The LVMWI, calculated by the PSL, is associated with
the short-term all-cause mortality of patients with AL-

CA. Further, D-dimer provides additional prognostic
information for the LVMWI.
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Figure S1 Flowchart indicating patient selection for the present retrospective echocardiographic study. AL-CA, light-chain cardiac

amyloidosis.
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Table S1 Correlation analysis between LVMWTI and other

characteristics
Correlation coefficient P
Cardiac function
Systolic pressure 0.596 <0.001
NYHA Class >l -0.439 <0.001
Abnormal natriuretic peptide® -0.574 <0.001
LVMI -0.563 <0.001
LAVI -0.322 0.004
E/e’ -0.454 <0.001
LVEF 0.610 <0.001
TR gradient -0.112 0.324
Relative regional work ratio -0.470 <0.001
Type of light-chain 0.107 0.350
Other laboratory characteristics
D-dimer -0.132 0.246
ALP 0.079 0.491
Cr -0.073 0.525
TBIl -0.355 0.001

g, n=72. LVMWI, left ventricular myocardial work index; NYHA,
New York Heart Association; LVMI, left ventricular mass index;
LAVI, left atrial volume index; E/e’, ratio of peak early diastolic
mitral inflow velocity to peak early diastolic mitral annular
velocity; LVEF, left ventricular ejection fraction; TR, tricuspid
regurgitation; ALP, alkaline phosphatase; Cr, creatinine; TBil,
total bilirubin.
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Table S2 Multivariate logistic regression analysis to predict 6-month all-cause mortality (for LVMI, LAVI, E/¢’, Cr, and TBil)

Multivariate OR (95% ClI) P The AUC of bivariate model

Model 1

LVMWI 0.997 (0.995, 0.999) <0.001

LvMI 1.009 (0.996, 1.022) 0.179 0.805 (0.690, 0.920)
Model 2

LVMWI 0.997 (0.995, 0.999) 0.002

LAVI 1.038 (0.995, 1.082) 0.081 0.826 (0.720, 0.932)
Model 3

LVMWI 0.997 (0.995, 0.999) <0.001

E/e’ 1.040 (0.971, 1.115) 0.259 0.805 (0.690, 0.920)
Model 4

LVMWI 0.996 (0.994, 0.998) <0.001

Cr 1.016 (1.002, 1.030) 0.021 0.855 (0.759, 0.950)
Model 5

LVMWI 0.996 (0.994, 0.998) 0.001

TBIl 1.025 (0.996, 1.055) 0.086 0.843 (0.748, 0.939)

OR, odds ratio; Cl, confidence interval; AUC, the area under the curve; LVMWI, left ventricular myocardial work index; LVMI, left ventricular
mass index; LAVI, left atrial volume index; E/e’, ratio of peak early diastolic mitral inflow velocity to peak early diastolic mitral annular
velocity; Cr, creatinine; TBil, total bilirubin.
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Figure S2 Kaplan-Meier analysis depicting the time to cumulative mortality during the follow-up. AL-CA, light-chain cardiac amyloidosis;

LVMWI, left ventricular myocardial work index.

Table S3 The intra-observer variation of LVMWI

Intra-observer variation ICC

LVMWI 0.988 (0.956-0.997)

LVMWI, left ventricular myocardial work indices; ICC, intraclass

correlation coefficient.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

https://dx.doi.org/10.21037/qims-22-386



