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ardiac amyloidosis is an infiltrative and

restrictive cardiomyopathy caused by the

extracellular deposition of amyloid fib-
rils within the heart as systemic amyloidosis, lead-
ing to heart failure, reduced quality of life, and death."
There are two major amyloid fibril proteins that af-
fect the heart: amyloid immunoglobulin light chain
(AL) and amyloid transthyretin (ATTR). The latter
is further subdivided into wild-type ATTR and
variant types based on the presence of a mutation in
the transthyretin gene.

Systemic AL amyloidosis is a rare multiorgan dis-
ease with an incidence ranging from 9.7-14.0
cases/million person-years.” In systemic AL amyl-
oidosis, monoclonal light chains are produced by a
small B-cell clone. These are deposited in any organ
of the body in the form of insoluble amyloid fibrils
and lead to organ toxicity. Heart involvement is a
major determinant of survival.”) Most systemic AL
amyloidosis affects the heart, although approxim-
ately half causes heart failure.! AL amyloidosis
generally occurs in patients aged 60-70 years, and
such cases in nonagenarian are very rare.””

A 92-year-old Japanese male patient was admit-
ted to Yawatahama City General Hospital with a 1-
day history of exertional dyspnea. He had no his-
tory of smoking or alcohol consumption. His medical
history included anemia due to bleeding episodes
from internal hemorrhoids 2 years before admis-
sion, and urinary incontinence due to benign pro-
static hypertrophy since the last year.
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Two years prior, the patient was referred to
Yawatahama City General Hospital by a general
practitioner because of peripheral edema and an el-
evated serum brain natriuretic peptide (BNP) level
[217.8 pg/mL (reference range, < 18.4 pg/mL)].
Chest radiography revealed mild pulmonary con-
gestion and the retention of a small pleural effusion.
Electrocardiography (ECG) was almost normal;
however, the height of the R-waves was reduced in all
leads as compared to that 10 years prior (Figures 1A
and 1B). Echocardiography demonstrated a normal
left ventricular (LV) ejection fraction (EF) with a
slight increase in interventricular septum thickness
(IVST) (Figure 2A and Table 1). Two-dimensional
speckle-tracking echocardiography (2D-STE)
demonstrated a near-normal global LV longitudinal
strain (GLS) with a normal relative apical longitud-
inal strain [average apical longitudinal strain/
(average basal longitudinal strain + average mid-
longitudinal strain)],’®’ and normal left atrial (LA)
reservoir and contraction strains. A small pericardial
effusion was also detected. The patient was dia-
gnosed with heart failure with preserved LVEEF, of
which the trigger was anemia (hemoglobin level,
7.9 g/dL). The patient returned to the general prac-
titioner and received treatment for heart failure.

One year prior, the patient was admitted to the
Department of Internal Medicine of Yawatahama
City General Hospital with left upper limb palsy.
Brain magnetic resonance imaging demonstrated
multiple acute-phase infarctions (Figures 3A-3C),
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Figure 1  Electrocardiogram recorded 10 years before (A), 2
years before (B), 1 year before (C), and on admission (D). The
QRS axis in the frontal plane shifted to the left, and the height of
the R-waves in both limb and chest leads was decreased.

and he was diagnosed with brain embolism. His
serum BNP level was 805.9 pg/mL, and chest radio-
graphy revealed mild pulmonary congestion with
pleural effusion. An ECG showed low voltage and
left axis deviation in the frontal plane (Figure 1C).
The height of the R-waves in leads V2-V4 was de-
creased, but the depth of the S-waves in leads V3-V6
was increased, when compared to those 10 and 2
years prior (Figures 1A—1C). Echocardiography
demonstrated a near-normal LVEF with an in-
crease in IVST (Figure 2B and Table 1). LV diastolic
dysfunction of grade Il was discarded. A small peri-
cardial effusion was also detected. The source was
suspected to be a cardiogenic thromboembolism
complicated by atrial fibrillation (AF), although no
AF was detected till 17 days of admission. Anti-co-
agulation therapy, but not therapy for heart failure,
was initiated. The patient was not consulted by car-
diologists, and returned to the general practitioner,
by whom loop diuretics were prescribed.

On admission, physical examination revealed a
body temperature of 36.4 'C, a systemic blood pres-
sure of 102/68 mmHg, a pulse rate of 81 beats/min,
and oxygen saturation of 96% under 1 L/min oxy-

Figure 2 Echocardiogram recorded 2 years before (A), 1 year before (B), and on admission (C and D). The interventricular septum
thickness (arrows) and the volume of pericardial effusion (asterisks) gradually increased. The right ventricular free walls were also

thickened on admission (arrowheads).
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Table1l Changes over time of echocardiographic findings.

Two years prior

One year prior On admission

IVST, mm

LV end-diastolic diameter, mm

LV ejection fraction, %

E/A

E/e

LA volume/BSA, mL/m?

Peak velocity across the tricuspid valve, m/s
GLS, %

Relative apical longitudinal strain

LA reservoir strain, %

LA contraction strain, %

10.4 121 13.0
46.0 44.0 41.2
61 55 32
NM 1.86 442
NM 33.7 321
40.6 42.7 39.8
2.53 3.09 2.89
—16.4 NM 5.1
0.5 NM 0.7
29.1 NM 29
—22.8 NM -1.3

BSA: body surface area; E/ A: ratio of mitral peak E-wave veloci

to A-wave velocity; E/e’: ratio of mitral peak E-wave to pulsed-wave

tissue Doppler-derived mitral annular e’ velocities; GLS: global longitudinal left ventricular peak systolic strain; IVST: interventricular
septum thickness; LA: left atrial; LV: left ventricular; NM: not measured.

gen administration through a nasal cannula. No
cardiac murmurs were audible upon auscultation,
although wet rales in the lung fields could be aus-
cultated. The liver was not palpable, and mild preti-
bial edema was observed. Blood investigations re-
vealed elevated high-sensitivity cardiac troponin I
level of 442 pg/mL (reference range, < 34.0 pg/mL)
and BNP level of 732.8 pg/mL. Blood count, serum
calcium level, and liver function test results were
normal. The estimated glomerular filtration rate
was 80 mL/min per 1.73 m” and the spot urine pro-
tein concentration was 30 mg/dL. Chest radio-
graphy revealed mild pulmonary congestion and
pleural effusion. ECG revealed left axis deviation,
low voltage, and a reduced QRS voltage as com-
pared to those in prior recordings (Figure 1A-1D).
Echocardiography demonstrated a reduced LVEF and
a thickened IVST (Figure 2C and Table 1). LV diastolic
dysfunction of grade IlI was discarded. Thickened
right ventricular free wall and moderate pericardial
effusion were also detected (Figures 2C and 2D). 2D-
STE demonstrated a reduced GLS with a normal re-
lative apical longitudinal strain, and abnormal LA
reservoir and contraction strains. The patient was
diagnosed with acute decompensated heart failure;
thus, tolvaptan was added to loop-diuretics which
were prescribed by another hospital.

On day 2 of hospitalization, the patient had rectal
bleeding which was confirmed by colonoscopy
without achieving a biopsy specimen. The hemo-
globin level dropped by 2 g/dL; therefore, antico-
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agulation therapy was withheld. In addition, the
patient had an elemental diet for seven days and
did not experience any rectal bleeding. However,
anticoagulation therapy remained discontinued
thereafter.

The patient was suspected to have cardiac amyl-
oidosis. Technetium-99m-pyrophosphate single-
photon emission computed tomography with fu-
sion to computed tomography images demon-
strated no abnormal tracer accumulation in the
myocardium (Figure 4). Serum and urine electro-
phoresis indicated monoclonal immunoglobulin G
of type A. The difference between involved (A-type)
and non-involved (k-type) immunoglobulin free
light chain (FLC) levels (FLC-diff) of 292.2 mg/L
was markedly elevated, and the k/A ratio of 0.11
was skewed. Multi-parametric flow cytometry ana-
lysis of bone marrow plasma cells using CD38 gat-
ing strategy demonstrated immunophenotype
CD38"CD56°CD19" and an abnormal cytoplasmic
immunoglobulin /A light chain ratio of 0.18, im-
plying monoclonality. Monoclonal bone marrow
plasma cells accounted for 8.6% of all bone marrow
cells. Fluorescence in situ hybridization analysis us-
ing the IgH/BCL1 probe did not detect t(11; 14)
(q13; q32). Abdominal subcutaneous fat aspiration
biopsy, by using Congo red staining and immuno-
histochemical staining, provided positive findings
for A-type AL amyloidosis.

Meanwhile, the patient continued to receive car-
diac rehabilitation, and continuous ECG from the
bedside cardiac monitors showed sinus rhythm.
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However, he had transient AF complicated with brain
embolism on day 24 of hospitalization (Figures 3D—
3F). Thereafter, he was found to be gradually emaci-
ated; thus, disease-specific therapies were not ad-
ministered due to frailty (frailty score 7 assessed by
the Clinical Frailty Scale). Finally, he developed as-
piration pneumonia with respiratory failure, lead-
ing to death. Autopsy of the chest organs revealed a
heart weight of 420 g, and amyloid deposits in the
bi-atrial/ventricular walls (Figure 5), valves, and
conduction system of the heart and pericardium,
concomitant with the lung and the esophagus,
without any significant atherosclerotic stenoses in
the epicardial coronary arteries. In addition, im-
munochemical classification of the amyloid using anti-
sera directed at the precursor proteins (Figure 5SE-5H)
and proteome analysis using laser microdissection
combined with liquid chromatography-tandem
mass spectrometry confirmed A-type AL amyloidosis
and no superimposed ATTR amyloidosis.

AL amyloidosis is diagnosed at > 1 year after the
clinical onset in almost 40% of the patients, and this
delayed diagnosis often translates into an advanced
stage of amyloid organ involvement, limiting ac-
cess to effective therapies.”! If untreated, the median
survival from the onset of heart failure is approxim-
ately 6 months. Our patient with AL cardiac amyl-
oidosis at a diagnosis of 92 years relatively fol-
lowed a typical course, but the time to establish a
diagnosis was protracted. Amyloidogenic light
chain-induced cardiac damage is progressive but
potentially reversible unless the myocardial lesions
are advanced.” Thus, the strategy for improving
survival in AL amyloidosis is based on early dia-
gnosis while the cardiac damage is still reversible.
For that purpose, cardiologists, to whom patients
are often referred, should be careful not to miss the
opportunity to diagnose AL cardiac amyloidosis by
paying attention to “red flags” and by a high index
of suspicion.

Figure 3 Diffusion-weighted head magnetic resonance images taken 1 year before (A-C), and on day 24 of hospitalization (D-F).
High signals (arrows) indicating new infarction are shown as white matter in the right frontal lobe (A) and bilateral pre-central gyrus
(B and C), bilateral cerebellar hemispheres (D), the right posterior lobe (E), and the right frontal lobe (F).
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Figure 4 Technetium-99m-pyrophosphate (*"Tc-PYP) planar imaging (A, anteroposterior view) and single-photon emission com-
puted tomographic (SPECT) image with fusion to computed tomographic (CT) image (B, horizontal plane at the level of the heart;
C, coronal plane) obtained 2 h after injection of the radiotracer. The planar image showed a visual grade 1 cardiac *Tc-PYP uptake;
however, the SPECT image with fusion to CT image showed a blood pool without any evidence of accumulation of the tracer in the
myocardium. White asterisks and red asterisks indicate pleural effusion and pericardial effusion, respectively.

In order to favor early and pre-symptomatic de-
tection of amyloid-related organ damage, cardiolo-
gists as well as hematologists should promote a
periodic yearly simple screening for at-risk patients
with monoclonal gammopathy of undetermined
significance (MGUS) and an abnormal serum FLC
K/ ratio, based on the N-terminal pro-BNP level
and the presence of albuminuria.’*”! This is be-
cause, almost all patients with AL amyloidosis
evolve from an asymptomatic pre-malignant stage
termed MGUS.”! An increase in FLC-diff, indicat-
ing tumor burden and the degree of involvement of
various organs, also precedes the development of
the disease for many years in almost all AL amyl-
oidosis patients."” In our patient, heart failure with
preserved LVEF had developed 2 years prior, al-
though the echocardiography including 2D-STE did
not demonstrate typical findings suggestive of car-
diac amyloidosis, such as an apical sparing pattern.
When cardiologists examine patients with heart
failure, particularly whose LVEEF is preserved, serum
and urine immunofixation electrophoresis, serum
FLC analysis, and radionuclide scintigraphy using
bone-avid tracer should be performed for suspec-
ted cardiac amyloidosis.

It is very interesting that LVEF decreased from
55% to 32% only one year in our patient, suggest-
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ing amyloidogenic light chain toxicity. The patho-
physiology of AL cardiac amyloidosis differs from
that of wild-type ATTR cardiac amyloidosis. Al-
though in both diseases amyloid fibrils deposit
within the myocardium, which leads to passive
myocardial restriction and dysfunction, clinical ob-
servations have suggested that the degree of LV
systolic dysfunction in AL cardiac amyloidosis is
more severe than that in wild-type ATTR cardiac
amyloidosis, despite higher LV mass in the latter."”
Circulating soluble light chains may also be dir-
ectly toxic to tissues, such as the heart. In addition,
marked amyloid deposits surrounding the coron-
ary arterioles in the LV myocardium were detected
in our patient. This finding is more prominent in
AL cardiac amyloidosis than in ATTR cardiac amyl-
oidosis,!"! and may result in myocardial ischemia
with LV systolic dysfunction in the setting of no sig-
nificant atherosclerosis in the epicardial coronary
arteries. Falk, et al.! reported that low-voltage ECG
often precedes heart failure and may be present be-
fore an increased LV wall thickness is apparent on
an echocardiogram. This specific ECG finding is an
early marker of AL cardiac amyloidosis and is un-
likely in ATTR cardiac amyloidosis."" The decrease
in the height of the R-waves in the ECG recorded
2 years prior, as shown in our patient (Figure 1),
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Figure 5 Hlstopathologlcal images of the left ventricular myocardlum at autopsy. Panel A (hematoxylin and eosin staining) and
panel B (Congo red staining, bright field) showed extensive and extracellular amyloid deposits, compressing the cardiomyocytes (A)
and surrounding a small vessel (B, arrowheads). Congo red staining, red-orange under a light microscope (B and C) and apple-green
birefringence under a cross-polarized light microscope (D), which are one of the definitions of amyloid deposits, are shown. The panel
staining of the amyloid deposits with a set of antibodies raised against each amyloid protein (E-H), i.e., anti-k light chain (E; IgLC «),
anti-A light chain (F; IgLC 1), anti-amyloid A (G; AA) and anti-transthyretin (H; TTR) to determine the type of amyloidosis was posit-
ive for the antibody raised against the anti-A light chain and negative for the antibodies raised against other amyloid proteins. Arrows
indicate the isolation sites of Congo red - positive amyloid deposits with the laser capture microdissection system before applying
them to liquid chromatography-tandem mass spectrometry. The scale bars in panels A-B and C-H indicate 200 and 500 pm, respect-

ively.

might have the same meaning as the above-men-
tioned finding.

It is worth noting that in our patient, thromboem-
bolism occurred, although AF was not documented
one year prior. In both AL cardiac amyloidosis and
ATTR cardiac amyloidosis, atrial dysfunction res-
ulting from atrial infiltration with amyloid deposits
may cause thrombus formation even in the setting
of a sinus rhythm."! Thromboembolism may thus be
an early manifestation of the disease, and unless the
clinician is aware of the phenomenon of LA dys-
function, the source of neurological or systemic em-
bolism may not be recognized. In the setting of an
embolic stroke of an undetermined source, which
accounts for approximately 17% of all ischemic
stroke patients,"” atrial cardiopathy in cardiac
amyloidosis should always be considered as poten-
tial embolic sources. In contrast, patients with AL
amyloidosis often develop bleeding episodes mainly
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because of the fragility of the vessel walls due to
amyloid deposits."* In our patient, rectal bleeding
occurred, although a histopathological examination
was not performed then. Accordingly, there is a di-
lemma in the treatment of whether anti-thrombotic
therapy is continued.

Autologous stem cell transplantation remains the
standard of care for young patients and is generally
not adapted to elderly patients. Moreover, recent
advances in the management of AL amyloidosis us-
ing novel agents to eliminate the underlying plasma
cell clone have improved the outcome.”™ In our patient
living with severe frailty, even when diagnosed at
an early stage, treatment options were limited to the
management of symptoms without anti-plasma cell-
directed therapy. Patients who are no longer able to
tolerate aggressive treatment may choose to enroll
in hospice care. In particular, interdisciplinary palli-
ative care teams should be included in the manage-
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ment of elderly patients with AL amyloidosis as
with oncology patients."
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