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Introduction: This study examined the role of echocardiographic and cardiac

histomorphology parameters in predicting mortality in patients with cardiac AL

amyloidosis.

Methods: Patients with endomyocardial biopsy-proven cardiac AL amyloidosis

treated at MD Anderson Cancer Center between 6/2011 and 6/2020 were

identified. Stored echocardiographic images and endomyocardial biopsy samples

were processed for myocardial strain analysis and a detailed histomorphology

characterization.

Results: Of 43 patients; 44% were women and 63% white. Median age

was 65 years; 51% underwent stem cell transplantation (SCT). Thirty patients

(70%) died during follow up (median follow up: 4.1 years). Lower LA strain

(<13.5%) and absence of SCT as a time-varying covariate were significantly

associated with increased risk of death in the multivariate cox regression

analysis. Higher LV mass and lower RV tricuspid annular plane systolic

excursion were associated with increased odds of having ≥5% interstitial

amyloid deposition on biopsy in the multivariate logistic regression analysis.

Frontiers in Cardiovascular Medicine 01 frontiersin.org

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.1073804
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.1073804&domain=pdf&date_stamp=2023-01-24
https://doi.org/10.3389/fcvm.2022.1073804
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1073804/full
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1073804 January 18, 2023 Time: 16:11 # 2

Koutroumpakis et al. 10.3389/fcvm.2022.1073804

Conclusion: Lower LA strain independently predicted mortality in our cohort, and

its performance in the routine assessment of AL amyloidosis may be beneficial.

Furthermore, SCT for cardiac AL amyloidosis was associated with improved OS.

These findings need to be confirmed by larger studies in the era of contemporary

systemic therapies.

KEYWORDS

cardiac AL amyloidosis, echocardiography, histomorphology, pathology, mortality, left atrial
strain (LA strain), stem cell transplant (SCT)

Introduction

Immunoglobulin light chain (AL) amyloidosis involves the
heart in approximately half of all patients with AL amyloidosis
(1). Early diagnosis of cardiac amyloidosis is critical because the
median survival after onset of heart failure has been reported
as low as 6 months in patients with documented cardiac
involvement (2, 3). The diagnosis of cardiac AL amyloidosis is
often suggested by echocardiographic or cardiac MRI findings,
but endomyocardial biopsy (EMB) is sometimes necessary for
the establishment of diagnosis (4). Patients are treated with
systemic therapy with or without stem cell transplantation
(SCT) to achieve hematologic remission of the underlying
plasma cell dyscrasia, halting the progression of end organ
damage (4). However, there are currently no pharmacologic
agents specific to cardiac AL amyloidosis shown to improve
cardiovascular outcomes. When coupled with complete hematologic
remission, heart transplantation has demonstrated some success
as a treatment option with a small study demonstrating a
median survival of 10.8 years after transplantation (5). Of note,
complete hematologic remission is not necessary prior to heart
transplantation (6).

Appropriate patient risk stratification is essential in guiding
treatment of the underlying plasma cell dyscrasias. The Mayo
2004, Mayo 2004 with European modification, Mayo 2012 and
Boston University staging systems are recognized as well validated
systems to predict survival in general in patients with AL
amyloidosis (7–10). These staging systems use troponin levels (T
or I), and natriuretic peptide levels with or without free light
chain differences to stratify patients for overall survival (8). In
some recent reports, the prognostic value of these systems has
been augmented with echo-derived strain patterns, such as left
ventricular (LV) global longitudinal strain (GLS) and the apical to
basal longitudinal strain gradient (11). Furthermore, the capillary
density within the myocardium on histopathology has also been
shown to improve the prognostic value of the 2012 Mayo staging
system (12).

Although EMB carries a sensitivity that approaches 100% for
the diagnosis of cardiac AL amyloidosis, the value of a detailed

Abbreviations: AL amyloidosis, immunoglobulin light chain amyloidosis; CI,
confidence interval; CMR, cardiac magnetic resonance; EMB, endomyocardial
biopsy; GLS, global longitudinal strain; HR, hazard ratio; IQR, interquartile
range; LA, left atrium; LV, left ventricle; OR, odds ratio; OS, overall survival; RA,
right atrium; RV, right ventricle; SCT, stem cell transplantation; SD, standard
deviation; TAPSE, tricuspid annular plane systolic excursion.

histomorphology analysis in predicting mortality is not well studied
(13). Furthermore, the correlation of echocardiographic findings
with histomorphology characteristics has not been thoroughly
examined. The aim of this study was to assess the correlation of
echocardiographic parameters with histomorphology findings, and
their association with all-cause mortality.

Materials and methods

Patient selection and data collection

Adult patients (age 18 years or older) diagnosed with cardiac
AL amyloidosis by endomyocardial biopsy at the University of
Texas MD Anderson Cancer Center between the dates 6/2/2011 to
6/16/2020 were identified. Among those, patients who had adequate
endomyocardial biopsy samples stored for detailed histomorphology
analysis were selected.

Patient electronic medical records were manually reviewed
for demographic characteristics, clinical, laboratory and
echocardiographic data. Age, gender, race, cardiovascular
comorbidities and therapies targeting the underlying plasma
cell dyscrasia were collected. Additionally, laboratory parameters
including hemoglobin, platelets, creatinine, serum free light
chains and cardiac biomarkers as well as routine 2D and
Doppler echocardiographic parameters were abstracted. All
echocardiographic images were captured using GE echocardiography
machines. Laboratory values and echocardiograms within a 2-month
period prior to the date of endomyocardial biopsy were available for
>95% of patients. With regards to cardiac biomarkers, most patients
had B-type natriuretic peptides (BNP 76% vs NT-proBNP 24%)
and traditional troponin I (66% vs high sensitivity troponin T 34%)
levels. Stored echocardiographic images were further processed for
longitudinal (global, apical, mid, basal), radial and circumferential
strain of the LV, right ventricle (RV) free wall strain, left atrium (LA)
reservoir strain and right atrium (RA) strain. Strain measurements
were performed by a physician board certified in echocardiography
and blinded to the clinical outcomes. Semiautomated strain analysis
was performed using a vendor independent software (Epsilon
EchoInsight Software) (14). Strain analysis of the LA and RA was
performed on zoomed LA and RA-focused apical four-chamber
views when available or the standard apical four-chamber views
when LA and RA-focused views of sufficient quality were not
available. For the purposes of this study, LA strain refers to reservoir
LA strain, calculated as end-systole LA minus end-diastole LA strain
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(Figure 1) (15). The subcomponents of LA strain including conduit
and active emptying LA strain were not calculated in this study. The
terms “LA strain” and “reservoir LA strain” are used interchangeably
in this manuscript.

Histomorphology analysis

Formalin-fixed and paraffin-embedded tissue samples obtained
by endomyocardial biopsy were used. Amyloid was detected using
H&E and Congo red staining of tissue sections reviewed with light
microscopy and Congo red staining, polarized light, showing green-
yellow-orange birefringence. Immunohistochemical classification of
the extent of amyloid and pattern of deposition was performed
using the Larsen BT et al. scoring by two cardiovascular pathologists
(13). The extent of interstitial and vascular amyloid deposition was
evaluated semi quantitatively by light microscopy. The extent of
interstitial deposition of amyloid was graded based on the percentage
of myocardial area involved as follows: 0: no interstitial deposits,
1+: interstitial deposits involving 1 to <5% of myocardial area,
2+: interstitial deposits involving 5 to <50% of myocardial area,
and 3+: interstitial deposits involving >50% of myocardial area
(Figure 2). Four patterns of interstitial deposition were recorded:
(i) a diffuse pericellular pattern, characterized by broad zones of
uniform lace-like deposition around individual cardiomyocytes; (ii) a
discrete pericellular pattern, characterized by micronodular areas of
pericellular deposition (generally < 20 myocytes) interspersed with
uninvolved myocardium; (iii) a nodular pattern, characterized by
solid deposits with interstitial architectural effacement; and a (iv)
mixed pattern. Vascular deposition of amyloid was graded as (i) non-
obstructive (<75% reduction in the luminal cross-sectional area), or
(ii) obstructive (≥75% reduction in the luminal cross-sectional area).
Three patterns of vascular deposition were recorded: (i) an arterial
pattern; (ii) a venous pattern; and (iii) a mixed pattern. Endocardial
involvement, cardiomyocyte degeneration and presence of fibrosis
were also assessed and recorded. The cardiovascular pathologists
were blinded to the clinical outcomes of the patients.

Clinical outcomes

The primary clinical outcome of the study was all-cause mortality.
The electronic medical records of the patients were reviewed to
determine mortality, date of death or date of last follow up. If
unavailable in the chart, mortality data was supplemented by search
of online obituaries. Associations of echocardiographic parameters
with histomorphology characteristics and all-cause mortality were
examined. Furthermore, the Mayo 2004, Mayo 2012 and Boston
University staging systems were used to stratify the patients in our
cohort based on available cardiac enzyme and light chain levels.
Based on the Mayo 2004 staging system we used the cutoff values
of NT-proBNP >332 ng/L, cardiac troponin T > 0.035 µg/L, and
cardiac troponin I > 0.1 µg/L to group the patients of our cohort
into stage I (all cardiac enzyme levels below the cutoff level), II (one
cardiac enzyme level elevated) or III (both cardiac enzymes elevated)
(7). Patients who only had BNP levels available but no NT-proBNP
levels were not classified based on the Mayo 2004 staging system.
Based on the Mayo 2012 staging system, the patients in our cohort
were assigned a score of 1 for each of: (i) free light chain difference

(FLC-diff) ≥ 18 mg/dL, cardiac troponin T ≥ 0.025 ng/mL, and
NT-ProBNP ≥ 1,800 pg/mL, creating stages I to IV with scores of
0–3 points, respectively (8). Patients who only had BNP and cardiac
troponin I levels available but no NT-proBNP or cardiac troponin
T levels were not classified based on the Mayo 2012 staging system.
Based on the Boston University staging system, the patients in our
cohort were grouped into stage I if troponin I was ≤ 0.1 ng/mL
and BNP ≤81 pg/mL, stage II if troponin I was >0.1 ng/mL OR
BNP > 81 pg/mL, stage III if troponin I was > 0.1 ng/mL AND
BNP > 81 pg/mL and stage IV if troponin I was >0.1 ng/mL AND
BNP > 700 pg/mL (10). Patients who only had NT-proBNP and
cardiac troponin T levels available, but no BNP or cardiac troponin
I levels were not classified based on the Boston University staging
system. Associations between the different stages of each grading
system with mortality were examined.

Statistical analysis

Continuous variables are presented either as mean
values ± standard deviation (SD) or median values and interquartile
range (IQR), based on normality of distribution. Categorical variables
are presented as frequencies and percentages. The association
between each covariate on echo findings (presence of interstitial
deposit ≥ 5% or not) was assessed by univariate and multivariate
logistic regression models (selected by stepwise selection if possible).

Overall survival (OS) is calculated as time interval from
endomyocardial biopsy to death. Those who survived were censored
at the time of last follow-up. Univariate and multivariate Cox
regression models were fitted to evaluate the effect of each covariate
on death. A multivariate Cox regression model initially included all
covariates with significant p-values based on univariate models and
selected by stepwise selection method. We tested the proportionality
of hazards with the use of time-varying covariates. SCT was
performed before or after biopsy. We considered SCT as a time-
varying covariate to take into account the effect of variable timing of
SCT after biopsy on mortality. Kaplan-Meier plots were produced for
covariates that were significantly associated with OS based on Log-
rank testing. Simon-Makuch plots was produced for time-varying
covariate. A p-value less than 0.05 was used to assess statistical
significance. SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used
for data analysis.

Ethical approval

This study was approved by the institutional review board (2022-
0614).

Results

Patient population

A total of 43 patients diagnosed with cardiac AL amyloidosis by
endomyocardial biopsy were identified. Median age was 65.4 years
(IQR 59.2, 70.5); 44% of the patients were women and 63% were
white. Hypertension was present in 70%, dyslipidemia in 40% and
diabetes mellitus in 16% of the patients. Five patients (12%) had a
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FIGURE 1

Measurement of reservoir LA strain as [(end systole LA strain) – (end diastole LA strain)] using LA-focused apical four chamber views. Reprinted from
Singh et al. (15) with permission from Elsevier.

FIGURE 2

H&E, trichrome, Congo red and Congo red birefringence appearance of a biopsy sample with <5% (top) compared to a biopsy sample with ≥5%
interstitial amyloid deposition (bottom). The H&E and trichrome photomicrographs were captured using the 20× lens on 50 µm scale while the Congo
red and Congo red birefringence photomicrographs were captured using the 40× lens on 20 um scale.

prior history of clinical coronary artery disease. Multiple myeloma
was diagnosed in 44% of the total cohort while MGUS in 35%. Out of
the 19 patients with multiple myeloma, 12 (63%) met CRAB criteria
while the remaining 7 patients (37%) had smoldering myeloma
with amyloidosis. For the treatment of their underlying plasma cell
dyscrasia, 72% of patients received a proteasome inhibitor, 56% an
alkylating agent, 30% an immunomodulatory drug and 9% an anti-
CD38 monoclonal antibody. A total of 22 patients (51%) underwent

autologous SCT. The reason that the rest 21 patients did not undergo
SCT, included multiorgan failure upon diagnosis/late diagnosis in
19, financial reasons in 1 and social reasons (lack of caregiver) in 1
patient. The median BNP of the patients in our cohort was 472 pg/mL
(IQR 163, 1409) and median troponin I was 0.07 ng/mL (IQR 0.04,
0.24). When using institutional assay limits of normal, a total of 89%
(n = 34/38) of patients had elevated natriuretic peptide levels, while
77% (25/31) had elevated troponin levels. Mean ± SD hemoglobin
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was 11.6 ± 1.9 g/dL, median creatinine 0.95 mg/dL (IQR 0.82, 1.52)
and median platelet count 241 K/µL (IQR 165, 306). Additional
data on patient demographics and baseline clinical characteristics are
presented in Table 1 and Supplementary Table 1.

Echocardiographic characteristics

Mean LV ejection fraction (LVEF) ± SD of the cohort was
52.4 ± 10.3%, while 42% of the patients had an LVEF of <50%.
Most patients had impaired LV relaxation with 94% having a lateral e’
velocity of <10 cm/sec and 81% a septal e’ velocity of <7 cm/sec. Left
atrial volume index (LAVI) was >34 mL in 49% and E/e’ average was
>14 in 48% of patients. Most patients in our cohort also had evidence
of RV dysfunction with 76% having a tricuspid annular plane systolic
excursion (TAPSE) of <1.6 cm. The mean LV GLS± SD of the cohort
was –11.7 ± 3.0%, while all patients had an abnormal LV GLS [>–
18%, range (–17.27, –6.86)]. Mean LV apical longitudinal strain± SD
was –15.6 ± 4.6% while mean mid LV longitudinal strain ± SD was
–11.1± 3.4 and median basal LV longitudinal strain –7.2 (IQR: –10.3,
–4.8). A detailed list of echocardiographic measurements is presented
in Table 2.

Histomorphology characterization

Out of a total of 43 endomyocardial tissue samples graded
(Table 3), 35 (81%) had interstitial deposits (21% 1+, 44% 2+,
16% 3+ deposits) while 19% had no interstitial deposits. Of those
with interstitial deposits, the most prevalent pattern of interstitial
deposition was a diffuse pericellular pattern, present in 66% of
patients, followed by the other 3 patterns equally, discrete pericellular
(11%), nodular (11%), and mixed (11%). Vascular deposition of
amyloid was present in 12 samples (28%); 75% of which had evidence
of obstructive vascular deposition. Of those samples with vascular
deposition, arterial pattern was seen in 83%, venous pattern in 8%
and a mixed pattern in 8%. Cardiomyocyte degeneration was noted in
28%, fibrosis in 21% and endocardial involvement in 12% of samples
(Table 2).

Mortality

A total of 30 patients (70%) died during the follow up of the study,
and most deaths (n = 16; 53%) occurred within the first year from
the date of endomyocardial biopsy. Median time to last follow up or
death was 4.1 years (95% CI, 2.9–8.6). Median overall survival (OS)
was 18.4 months (95% CI, 8.1–37).

Patients who died were more likely to have a history of
dyslipidemia, a baseline neutrophil count <1.7 × 1,000/mm3, a
higher troponin I, a lower LVEF, less negative mid-LV GLS, lower RV
TAPSE, lower RA strain, lower LA strain, and lower LV radial strain.
Further, they were less likely to have undergone SCT (Tables 4, 5, and
Supplementary Table 2). In the multivariate cox regression analysis,
only lower LA strain (HR 3.8, 95% CI 1.4–10.2 for LA strain ≤13.5
vs > 13.5, p = 0.008) and absence of SCT as a time-varying covariate
(HR 0.20, 0.06–0.65 for SCT vs no SCT, p = 0.007) were significant
independent predictors of an increased risk of death (Figures 3, 4).
Most patients underwent SCT after their endomyocardial biopsy with

TABLE 1 Demographic and baseline clinical characteristics of 43 patients
with endomyocardial biopsy-proven cardiac AL amyloidosis.

Total N = 43

Age at biopsy in years, median (IQR) 65 (59,70)

Weight in kg, mean± SD 85± 20

Race, n (%):

– White 27 (62.8)

– Black 12 (27.9)

– Other 4 (9.3)

Female sex, n (%) 19 (44.2)

Hypertension, n (%) 30 (69.8)

Dyslipidemia, n (%) 17 (39.5)

Diabetes mellitus, n (%) 7 (16.3)

Coronary artery disease, n (%) 5 (11.6)

End-stage renal disease on hemodialysis, n (%) 3 (7)

Peripheral arterial disease, n (%) 2 (4.7)

Multiple myeloma, n (%) 19 (44.2)

MGUS, n (%) 15 (34.9)

Leukemia/lymphoma, n (%) 3 (7.0)

Waldenstrom’s macroglobulinemia, n (%) 3 (7.0)

Plasma cell dyscrasia therapies:

Stem cell transplantation (SCT), n (%) 22 (51.2)

SCT before endomyocardial biopsy, n (%) 5 (11.6%)

Proteasome inhibitors (e.g., bortezomib), n (%) 31 (72.1)

Alkylating agents (e.g., cyclophosphamide), n (%) 24 (55.8)

Immunomodulatory drugs (e.g., lenalidomide), n (%) 13 (30.2)

Anti-CD38 monoclonal Abs (e.g., daratumumab), n (%) 4 (9.3)

Rituximab, n (%) 4 (9.3)

Elotuzumab, n (%) 2 (4.7)

Vorinostat, n (%) 1 (2.3)

Baseline laboratory values:

Hemoglobin < 12 g/dL, n (%) 21 (55.3)

Platelets < 150 K/uL, n (%) 8 (19)

Absolute Neutrophils < 1.7× 1,000/mm3 , n (%) 2 (5.6)

INR > 1.1, n (%) 21 (61.8)

Creatinine in mg/dL, median (IQR) 0.95 (0.82,1.52)

Elevated natriuretic peptide levels (BNP or NT-proBNP), n
(%)

34 (89.5)

Elevated troponin levels (I or T), n (%) 24 (77.4)

Mayo 2004 staging, n (%):

Unknown staging 28

Stage II 3 (20)

Stage III 12 (80)

Mayo 2012 staging, n (%):

Unknown staging 30

Stage I 1 (7.7)

Stage II 1 (7.7)

(Continued)
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TABLE 1 (Continued)

Total N = 43

Stage III 7 (53.8)

Stage IV 4 (30.8)

Boston University staging, n (%):

Unknown staging 21

Stage I 2 (9.1)

Stage II 7 (31.8)

Stage IIIA 6 (27.3)

Stage IIIB 7 (31.8)

Composite staging, n (%): *

Unknown Staging 9

Early stages (I-II by Mayo or Boston) 10 (29.4%)

Advanced stages (III–IV by Mayo or Boston) 24 (70.6%)

*Using Mayo 2004, Mayo 2012 and Boston University staging systems; if at least one of staging
is indicated III or IV then it was considered high; if at least one staging was performed and all
staging indicated I or II, then considered low.

median time from biopsy of 76 days (17/22 who underwent SCT,
77%). Most patients who did not undergo SCT (90%) had multiorgan
failure upon diagnosis. None of the histomorphology parameters was
significantly associated with the risk of mortality.

Evaluation of Mayo 2004, Mayo 2012 and
Boston University staging systems in
predicting mortality

Based on Mayo 2004 staging system (N = 15), 20% of patients
were in stage II and 80% in stage III. Based on Mayo 2012 staging
system (N = 13), 7.7% of patients were in stage I, 7.7% in stage II,
53.8% in stage III, and 30.8% in stage IV. Based on Boston University
staging system (N = 22), 9.1% were in stage I, 31.8% stage II, 27.3%
stage IIIA and 31.8% stage IIIB (Table 1). Since some patients could
not be staged by all the systems due to lack of complete laboratory
data (presence of BNP but not NT-proBNP), we elected to use a
composite staging system (N = 34) based on which, 29.4% of patients
were in early stages (one of Mayo stages or Boston University stage
was determined, but neither was III–IV) and 70.6% in advanced
stages (III–IV by Mayo or Boston). When the above staging systems
were tested in predicting mortality, no significant differences between
early and advanced stages were identified (Table 4).

Correlation of echocardiographic
parameters with histomorphology
characteristics

Lower RV TAPSE correlated significantly with interstitial amyloid
deposition of ≥ 5% of the myocardial area examined on biopsy
specimens in both the univariate and multivariate logistic regression
analysis (OR 8.1, 95% CI 1.2–54.3 for RV TAPSE < 1.6 vs ≥ 1.6 cm,
p = 0.032) (Supplementary Table 3). In the multivariate logistic
regression analysis, higher LV mass was also associated with increased
odds of having ≥ 5% of interstitial amyloid deposition on biopsy

(OR 5.5, 95% CI 1.1–26.8 for > 195.7 vs ≤ 195.7 g, p = 0.036).
No significant correlation was identified between echocardiographic
measurements and other histomorphology characteristics.

Discussion

Our study examined the role of contemporary echocardiographic
and histomorphology characteristics in predicting mortality
of patients with cardiac AL amyloidosis who underwent
endomyocardial biopsy. Our key findings were: (1) Lower LA strain

TABLE 2 Echocardiographic and histomorphology characteristics of 43
patients with endomyocardial biopsy-proven cardiac AL amyloidosis.

Echocardiographic characteristics:

LVEF in %, mean± SD 52.38± 10.26

LVEF < 50%, n (%) 16 (42.1)

LVEDVi in mL/m2 , mean± SD 53.25± 17.05

LVIDD in cm, mean± SD 4.30± 0.69

LVPWD in cm, median (IQR) 1.3 (1.18,1.5)

RWT > 0.42, n (%) 34 (87.2)

LV mass in g/m2 , mean± SD 203.80± 55.88

Lateral e’ velocity < 10 cm/s, n (%) 30 (93.8%)

Septal e’ velocity < 7 cm/s, n (%) 26 (81.3)

E/e’ average ≥ 14, n (%) 15 (48.4)

LAVI ≥34 mL/m2 , n (%) 17 (48.6)

RV FAC < 35%, n (%) 16 (43.2)

RV GLS in %, median (IQR) –17 (–21, –12)

RV S’ < 9.5 cm/s, n (%) 32 (86.5)

RV TAPSE < 1.6 cm, n (%) 28 (75.7)

LV GLS in %, mean± SD –11.67± 3.03

LV GLS ≥–18%, n (%) 39 (100)

Apex GLS in %, mean± SD –15.60± 4.57

Mid LV GLS in %, mean± SD –11.05± 3.41

Basal LV GLS in %, median (IQR) –7.16 (–10.26, -4.79)

Circumferential LV strain in %, mean± SD -18.45± 5.66

Circumferential LV strain > –23%, n (%) 29 (76.3)

Radial LV strain in %, mean± SD 12.11± 8.69

Rad LV strain < 21%, n (%) 33 (86.8)

LA strain > 13.5, n (%) 19 (50)

RA strain > 14.5, n (%) 19 (50)

Histomorphology characteristics:

Interstitial deposit ≥5% of myocardial area, n (%) 26 (60.5)

Pattern of interstitial deposit, n (%)

– Diffuse pericellular 23 (53.5)

– Discrete pericellular, nodular, mixed 12 (27.9)

Vascular deposit, n (%) 12 (27.9)

Endocardial deposit, n (%) 5 (11.6)

Cardiomyocyte degeneration, n (%) 12 (27.9)

Fibrosis, n (%) 9 (20.9)

Frontiers in Cardiovascular Medicine 06 frontiersin.org

https://doi.org/10.3389/fcvm.2022.1073804
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-1073804 January 18, 2023 Time: 16:11 # 7

Koutroumpakis et al. 10.3389/fcvm.2022.1073804

TABLE 3 Immunohistochemical classification of cardiac amyloid
extent and pattern.

Extent of amyloid deposits

I. Interstitial deposits: 0; 1+ (< 5% of myocardial area); 2+ (>/= 5% but < 50% of
myocardial area); 3+ (> 50% of myocardial area)

II. Vascular deposits: Obstructive or Non-obstructive

Pattern of interstitial amyloid deposits

I. Diffuse pericellular pattern, characterized by broad zones of uniform lace-like
deposition around individual CMC

II. Discrete pericellular pattern, characterized by micronodular areas of pericellular
deposition (generally < 20 CMC)

III. Nodular pattern, characterized by solid deposits with interstitial architectural
effacement

IV. Mixed patterns

Pattern of vascular amyloid deposits

I. Arterial

II. Venous

Endocardial amyloid deposits

I. Present

II. Absent

Adapted from Larsen et al. (13).

TABLE 4 Clinical and echocardiographic characteristics significantly
associated with likelihood of death in the univariate Cox
regression analysis.

Univariate Cox regression on
mortality (mortality

event = 29) HR (95% CI)

p-value

Dyslipidemia 2.660 (1.252–5.649) 0.0109

SCT∗,∧ 0.213 (0.083–0.547) 0.0012

Rituximab 3.023 (1.003–9.110) 0.0494

Absolute Neutrophils
< 1.7× 1,000/mm3

5.353 (1.102–26.002) 0.0375

Troponin I in ng/mL 8.379 (1.127–62.301) 0.0378

LVEF in % 0.958 (0.923–0.995) 0.0257

RV TAPSE in cm 0.299 (0.105–0.855) 0.0242

Mid LV GLS in % 1.141 (1.015–1.282) 0.0273

Radial LV strain in % 0.935 (0.884–0.989) 0.0193

LA strain ≤ 13.5%∧ 5.394 (2.072–14.041) 0.0006

RA strain ≤ 14.5% 2.711 (1.209–6.080) 0.0155

*SCT as a time-varying covariate. ∧Remained statistically significant in the multivariate Cox
regression survival analysis.

(≤13.5%) was an independent predictor of mortality in our cohort;
(2) SCT for cardiac AL amyloidosis was associated with improved
OS; and (3) Although LV mass and RV TAPSE were associated with
higher interstitial amyloid deposition, histomorphology parameters
were not significantly associated with mortality in this cohort.

Larsen et al. examined autopsy samples of patients with cardiac
amyloidosis and compared several histomorphology characteristics
of endomyocardial samples of AL versus ATTR amyloidosis
(13). Whether this detailed histomorphology characterization
has prognostic value in predicting mortality and whether any
histomorphology findings correlate with echocardiographic

TABLE 5 Comparison of demographic, clinical, echocardiographic and
histopathology characteristics of patients with cardiac AL amyloidosis who
survived vs those who died during follow up.

Survived
(n = 13)

Died
(n = 30)

p-value

Age at biopsy in years, median
(IQR)

63.71 (59.23,
66.41)

66.48 (60.7,
70.49)

0.5697

Weight in kg, mean± SD 87.25± 22.87 84.68± 19.04 0.7040

White Race, n (%) 9 (69.2%) 18 (60%) 0.7349

Female sex, n (%) 3 (23.1%) 16 (53.3%) 0.0665

Hypertension, n (%) 10 (76.9%) 20 (66.7%) 0.7203

Dyslipidemia, n (%) 2 (15.4%) 15 (50%) 0.0330

Diabetes mellitus, n (%) 1 (7.7%) 6 (20%) 0.4118

Coronary artery disease, n (%) 2 (15.4%) 3 (10%) 0.6299

SCT, n (%) 11 (84.6%) 11 (36.7%) 0.0068

Rituximab, n (%) 0 (0%) 4 (13.3%) 0.2974

Absolute neutrophils < 1.7
× 1,000/mm3 , n (%)

0 (0%) 2 (7.4%) 1.0000

Troponin I in ng/mL, median
(IQR)

0.04 (0.03,0.1) 0.11 (0.05,0.26) 0.0834

LVEF in %, mean± SD 57.92± 5.57 50.12± 10.93 0.0065

LV mass > 195.7g, n (%) 5 (45.5%) 14 (50%) 0.7983

RV TAPSE in cm, mean± SD 1.61± 0.47 1.22± 0.32 0.0059

RV TAPSE < 1.6 cm, n (%) 6 (54.5%) 22 (84.6%) 0.0912

Mid LV GLS in %, mean± SD –13.46± 2.36 –10.10± 3.32 0.0042

Radial LV strain in %,
mean± SD

18.00± 10.20 9.70± 6.83 0.0058

LA strain≤ 13.5%, n (%) 1 (9.1%) 18 (66.7%) 0.0013

RA strain≤ 14.5%, n (%) 2 (18.2%) 17 (63%) 0.0123

Interstitial deposit ≥ 5% of
myocardial area, n (%)

9 (69.2%) 17 (56.7%) 0.4390

Statistically significant variables are marked in bold.

parameters has not been extensively studied. In a retrospective study
by Kristen AV et al., including patients with cardiac AL and ATTR
amyloidosis (107 with cardiac AL amyloidosis), amyloid load on
EMB samples was quantified as the area of immunohistochemically
stained versus non-stained pixels using a special scanner (ImageJ
version 1.47v). The authors of that study concluded that amyloid
load was independently associated with mortality (16). In another
study by Kim D. et al., amyloid load was similarly quantified as
the ratio of the immunohistochemically stained area to total tissue
area using a different software (InForm version 2.4.0, PerkinElmer,
Waltham, MA, USA). The investigators of this study also quantified
capillary density on the EMB samples as the number of capillaries,
which were counted after they were stained with a specific antibody
against endothelium (CD31), divided by area (mm2). The authors
reported that lower capillary density correlated with amyloid load
and predicted mortality among 67 patients with biopsy-proven
AL cardiac amyloidosis (12). When added to the 2012 Mayo
staging system, capillary density led to better discrimination and
reclassification ability compared to the 2012 Mayo staging system
alone (12). However, neither of these two studies examined other
histologic characteristics such as extent and pattern of vascular
deposits, cardiomyocyte degeneration, endomyocardial deposition
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FIGURE 3

Kaplan-Meier plot demonstrating that LA strain >13.5 is associated
with improved overall survival.

or fibrosis. In a recent study by Pucci A. et al., it was not just
the extent of amyloid deposits but the combination of amyloid
deposits and fibrosis that correlated better with myocardial tissue
characterization on cardiac magnetic resonance (CMR) imaging
and with levels of cardiac biomarkers (17). Our study included a
detailed histomorphology characterization including extent and
pattern of interstitial amyloid deposits and vascular deposits,
cardiomyocyte degeneration, endomyocardial deposition or fibrosis.
The extent of interstitial amyloid deposition in our study was
evaluated semiquantitative by light microscopy and grouped into 3
categories (<5%, 5–49%, and ≥ 50% of myocardial area). Further,
our study did not assess capillary density but assessed extent
and pattern of vascular deposits of amyloid. In our study, the
echocardiographic assessment of LV mass and RV function (TAPSE)
correlated with higher interstitial amyloid deposition; however, none
of the histomorphology parameters studied, including the extent
and pattern of interstitial deposition and the extent and pattern of
vascular deposition, were significantly associated with mortality.
Although semiquantitative analysis of amyloid deposition may be less
labor intense and does not require advanced equipment compared
to the quantitative analysis described in the studies above, it did not
predict mortality in our cohort. This might be related to the small
sample size of our study and the lower statistical power associated
with an ordinary variable (semiquantitative analysis) as opposed to a
continuous variable (quantitative analysis). It is also possible that the
software used for the quantitative analysis in the studies of Kristen
AV et al. and Kim D et al. detected histopathology changes that were
missed in our semiquantitative analysis of amyloid extent.

Echocardiographic findings have been shown to predict mortality
in patients with cardiac AL amyloidosis. In one of the few prospective
studies published, Koyama and Falk examined 119 consecutive
patients with biopsy-proven AL amyloidosis and reported that
the mean LV basal strain was the only independent predictor
of both cardiac and overall deaths in their multivariate analysis
(18). In another retrospective study, among 42 patients with
cardiac AL amyloidosis, E/e’, LV GLS and global area strain were
significantly associated with death in the univariate analysis with
LV GLS remaining an independent predictor of mortality in the
multivariate analysis (19). In our study, lower LA strain (≤13.5%)
was independently and significantly associated with an almost four
times higher likelihood of mortality. This finding suggests that the

FIGURE 4

Simon and Makuch plot demonstrating stem cell transplantation (SCT)
being significantly associated with decreased risk of death
(p-value = 0.0012) based on Cox regression analysis with SCT as a
time-varying covariate.

routine performance of contemporary echocardiographic parameters
such as LA strain in the assessment of patients with cardiac AL
amyloidosis may be beneficial, and this may need to be further
assessed in larger studies.

In our cohort, cardiac biomarkers and free light chains, alone
or incorporated in the routinely used staging systems of Mayo
2004, Mayo 2012 and Boston University were not independently
associated with increased likelihood of mortality. Although this may
be due to the small size of our cohort, it highlights the issue of
prognostic ability of scores in individual patients, as well as the
fact that the scores are developed in all patients with systemic
AL amyloidosis, who may or may not have cardiac involvement
and not just in patients with cardiac amyloidosis where almost all
patients have elevations in the cardiac biomarkers. The addition of
contemporary echocardiographic parameters, such as LA strain, to
routinely used staging models may increase their ability to predict
mortality specifically in patients with cardiac amyloidosis and should
be further examined in larger, prospective cohorts.

SCT as a time-varying covariate was associated with a lower
likelihood of death in our cohort. However, this finding is likely
related to the fact that the patients who underwent SCT were healthier
at baseline (most patients who did not undergo SCT had multiorgan
failure upon diagnosis). Furthermore, use of contemporary systemic
therapies such as anti-CD38 monoclonal antibodies was infrequent in
our cohort. Larger prospective studies are needed to further evaluate
this observation in the era of contemporary systemic therapies.

None of the pharmacologic therapies used against AL
amyloidosis was associated with increased or decreased likelihood
of death in our analysis (although there was a trend toward
increased likelihood of death in patients treated with rituximab in
the univariate analysis, the small number of patients treated with
rituximab does not allow for a confident conclusion. It is more
likely that patients treated with rituximab were sicker at baseline
than rituximab being associated with increased likelihood of death.
In the multivariate analysis, rituximab was not associated with
increased or decreased likelihood of death). Of note, the use of
anti-CD38 monoclonal antibodies (daratumumab) was infrequent
(9%) in this cohort of patients who were treated between 2011 and
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2020. Therefore, the possibility that daratumumab is associated with
improved likelihood of overall survival in patients with cardiac AL
amyloidosis cannot be excluded based on the findings of our study.

The strengths of our study include the thorough
echocardiographic and histomorphology characterization of patients
with cardiac AL amyloidosis and the long follow up period (over
4 years). All patients in our study had endomyocardial biopsy-proven
AL amyloidosis. Both echocardiographic and histomorphology
characterization were performed blinded to mortality outcomes.
Despite its strengths, our study also has limitations. The small sample
size and the retrospective nature of the study with its inherent risk
for bias are the two main ones. Additionally, there was variability in
the timing between EMB and treatment initiation for the patients in
this cohort, which may have had an impact on OS. Finally, although
most of the routinely performed conventional echocardiographic
parameters were included in our analysis, others, such as RV free wall
thickness, LA septal thickness or valve thickness, could not be reliably
measured and therefore were not included.

In conclusion, contemporary echocardiographic parameters and
more specifically LA strain may have the potential to predict the
risk of death in patients with cardiac AL amyloidosis, beyond the
traditional laboratory and 2D echocardiographic findings. Therefore,
its performance in the routine assessment of patients with suspected
or confirmed cardiac AL amyloidosis and its possible incorporation
into the routinely used staging systems for patients with cardiac
amyloidosis may be justified and needs to be further evaluated.
Although LV mass and RV TAPSE were associated with higher
interstitial amyloid deposition, histomorphology parameters were
not significantly associated with mortality in this cohort.
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