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Abstract: Background: Amyloidosis is a rare systemic disease, while cardiac amyloidosis (CA) is nothing more than
a chronic disease that causes fatal damage to the structure and function of the heart. The pathogenesis of CA is
elusive, the clinical manifestations are diverse and lack of specificity, and the treatment and prognosis of different
subtypes vary widely. It is of great practical significance to deepen the understanding of CA. Objective and methods:
The clinical data of 39 patients with CA admitted to the First Affiliated Hospital of Gannan Medical University and
Fujian Medical University Union Hospital from January 1, 2018 to March 1, 2024 were collected and retrospectively
studied, and the clinical features, diagnosis, differentiation, treatment effects and prognosis of CA patients were
analyzed. The Kaplan-Meier method was used for survival analysis. Meanwhile, the latest literature from PubMed
was retrieved to systematically discuss the research progress in the diagnosis and treatment of CA. This paper is
expected to provide novel and valuable references for the clinical and basic research of CA. Results: A total of 39
patients with CA were included in this study, including 23 males (58.97%) and 16 females (41.03%). The average
age at diagnosis was 60.51+10.28 years old. In this study, 24 patients (61.54%) had anemia of different degrees,
19 patients (48.72%) were accompanied by abnormal elevation of cardiac troponin T (cTnT), and all patients (100%)
had abnormal elevation of N-terminal pro-brain natriuretic peptide (NT-proBNP), and 28 patients (71.79%) had renal
impairment. Typical electrocardiogram (ECG) findings in CA patients in this study show low voltage in limb leads, vari-
ous types of atrioventricular block, various types of tachycardia, atrial fibrillation and poor R-wave progression. The
representative results of ultrasonic cardiogram (UCG) showed: 1. Atrium were enlarged, and ventricular wall motion
was weakened. 2. Septum and posterior walls of the ventricle were symmetrically thickened, and the myocardium
showed speckled strong echo. 3. Mitral regurgitation (moderate to severe) and tricuspid regurgitation. 4. Widening
of the pulmonary artery and pulmonary hypertension. Typical results of cardiac magnetic resonance imaging (MRI)
of CA patients in this study showed that delayed gadolinium enhancement of the ventricular wall, with ventricular
wall thickening to varying degrees and ventricle or atrium enlargement. The pathological manifestations of CA pa-
tients in this study were mostly Congo red staining (+) and deposition of eosinophilic amyloid in the affected organs
or tissues. All CA patients included in this study received standardized treatment, the median follow-up time was
29.5 (range, 6.5-71) months, and at the latest follow-up, only 12 cases of 39 patients with CA were still alive, and 27
patients died in our study, all of which were due to uncontrollable progression of the disease and failed treatment.
Our study showed that there is no statistical significance in the different age groups of the CA patients (P>0.05),
while it was surprising that male CA patients had significantly worse overall survival (OS) than female patients.
Correspondingly, patients who received chemotherapy and were accompanied with renal impairment had a worse
prognosis than those who did not receive chemotherapy and had normal renal function (all P<0.05). Conclusion:
CA is a rare disease caused by systemic amyloidosis, the pivotal points of CA diagnosis and treatment as well as
the premise for improving the long-term prognosis of CA patients are clear diagnosis and accurate typing. The treat-
ment of CA also requires targeted individual treatment according to the subtype and etiology of CA patients, so as
to maximize the prognosis of CA patients.
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Features and prognosis of cardiac amyloidosis

Introduction

Amyloidosis is a rare systemic disease. Amy-
loidosis can be pathologic depositions in vari-
ous organs or tissues throughout the body,
such as skin, gastrointestinal tract, nervous
system, and so on. It is called myocardial amy-
loidosis (CA) when it infiltrates the myocardium
and causes damage to cardiac structures and
function [1, 2]. CA is a group of pathological
protein misfolding and aggregation of specific
amyloid fibrin precursors to form insoluble amy-
loid fibers deposited in the interstitial outside
myocardium, resulting in cardiac structure and
function abnormalities, clinical manifestations
of heart failure and arrhythmia, often accompa-
nied by a variety of systemic amyloidosis extrin-
sic manifestations [3, 4]. Since CA has been
considered a rare disease for many years and
is clinically limited by diagnostic techniques
and limited knowledge of the disease, no fur-
ther classification has been performed even
when CA is diagnosed. However, the treatment
and prognosis of each subtype are quite differ-
ent. Until now, studies have shown that primary
systemic light chain amyloidosis, transthyretin
amyloidosis, and secondary amyloidosis are
the most common and easily accumulate in the
heart [5-7].

Since the pathogenesis of CA is still unclear,
the onset is not easy to detect, the early symp-
toms are not typical, and the clinical manifesta-
tions lack specificity, it is often ignored by clini-
cians, and its diagnosis and treatment are also
challenging, resulting in delayed diagnosis and
medical treatment of CA patients, and it is easy
to be missed and misdiagnosed. Therefore,
most patients diagnosed clinically are in the
advanced stage of myocardial amyloidosis. At
this time, most patients are accompanied by
severe heart failure, and the conventional treat-
ment of heart failure drugs have poor effect,
which then affects the treatment and prognosis
of patients, and the fatality rate is high [8, 9]. In
addition, patients with these comorbidities with
significant clinical symptoms are often exclud-
ed from clinical trials, and this lack of under-
standing may also lead to poor prognosis and
high mortality in CA patients. Up to now, only a
few studies have investigated cardiac amyloi-
dosis, and most of them are single-center case
reports, and there is a lack of systematic clini-
cal research on CA. Therefore, this study aims
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to summarize the clinical characteristics, effi-
cacy and prognosis of CA patients, in order to
deepen the understanding of cardiologists on
this disease, and guide the clinical practice and
scientific research of related fields.

Materials and methods
Research subjects

The clinical data of 39 patients with CA admit-
ted to the First Affiliated Hospital of Gannan
Medical University and Fujian Medical Univer-
sity Union Hospital from January 1, 2018 to
March 1, 2024 were collected and retrospec-
tively studied, and the clinical features, diagno-
sis and treatment effects and prognosis of CA
were analyzed. This study was approved by the
medical ethics committee of the First Affiliated
Hospital of Gannan Medical University and
Fujian Medical University Union Hospital, and
all the patients or their families signed informed
consent.

Clinical baseline data

Basic clinical data (gender and age), symptoms
and signs at admission, past medical history
and family medical history (mainly focusing on
systemic diseases, autoimmune diseases, mul-
tiple myeloma, and so on), routine blood exami-
nation indicators (including white blood cell
count, platelet count, hemoglobin), biochemical
blood examination indicators (including cardiac
troponin T (cTnT), N terminal pro B type natri-
uretic peptide (NT-ProBNP), {_-microglobulin,
creatinine, urea nitrogen, blood calcium, lac-
tate dehydrogenase (LDH), albumin), cardiac
instrument examination results (including elec-
trocardiogram, heart color ultrasound, cardiac
magnetic resonance imaging), and histopatho-
logical analysis of organ involvement in CA pa-
tients, treatment modalities (treatment plan
and chemotherapy) and clinical data were
collected.

Research criteria

Inclusion criteria: (1) Age >18 years old; (2) All
enrolled patients were newly diagnosed, and at
least one of the pathological tissues of abdomi-
nal fat, kidney, endocardial tissue and others
showed positive Congo red staining, and apple
green birefringence substance was found
under the polarizing microscope; (3) All patients
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met at least one of the following conditions
(typical heart failure manifestations, New York
Heart Association (NYHA) cardiac function
grade |-IV, NT-proBNP>332 ng/L, cTnT>0.035
ng/mL); (4) Complete disease course data, lab-
oratory examination results and imaging exami-
nation data; (5) Being informed of the study
and signed the informed consent, as well as
ability to track the survival of patients through
the inpatient record system or telephone
follow-up.

Exclusion criteria: (1) Patients with severe or-
gan dysfunction; (2) Patients with other hema-
tological diseases or other types of malignant
tumors; (3) Pregnant or lactating women; (4)
Patients who do not want to be included in this
study due to privacy or other reasons; (5) Pa-
tients with mental illness or unable to cooper-
ate with the whole process of this study; (6)
Patients with serious lack of clinical history
data; (7) Patients with amyloidosis without car-
diac involvement.

Collection and analysis of instrument param-
eters

Electrocardiogram (ECG): All CA patients in-
cluded in this study underwent 12-leads ECG
examination, and some of them underwent
24-hour holter ECG examination. ECG data
such as arrhythmia and its type, poor R-wave
increase in thoracic lead, pseudopathological
Q-wave, low voltage in limb lead, and prolonged
QT interval were collected.

Ultrasonic electrocardiogram (HCG): The struc-
tural and functional parameters of the heart as
measured by echocardiography of CA patients
were collected, including intraventricular sep-
tum thickness (IVS), left ventricular posterior
wall thickness (LVPW), internal diameter of
both atria, left ventricular end-diastolic volume
(LVEDV), left ventricular ejection fraction (LVEF),
left ventricular stroke volume (SV), ratio of
mitral valve filling peak in early diastolic period
to late diastolic period, and the presence of
pericardial effusion and myocardial echocar-
diography.

Cardiac MRI (CMR): The contrast agent for late
enhanced scanning of CMR is Gadopentetic
acid (Gd-DTPA). Some patients in this study
underwent cardiacmagnetic resonance late
gadolinium enhancement (CMR-LGE), and we
collected the methods of LGE reinforcement
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(focal and diffuse), extent of reinforcement
(subendocardial, transmural, and so on) and
measured parameters, including cardiac index
(Cl) and left ventricular mass index (LVMI),
stroke volume index (SVI), and so on.

Prognosis follow-up

The electronic inpatient record system was
used to follow up the indicators of patients’
recent return to the hospital for re-examination
and hospitalization status, and the follow-up
was conducted by telephone contact. The fol-
low-up date was March 1, 2024. The overall
survival (OS) was defined as the interval bet-
ween the date of diagnosis and the onset of
death or loss of follow-up (the end point of fol-
low-up). Subsequently, all patients included in
this study were divided into age and gender for
comparison grouping according to clinical base-
line data. Meanwhile, patients were grouped
according to whether chemotherapy was used
and whether it was accompanied with renal
impairment. We aimed to compare the differ-
ence in survival and prognosis between the
multiple groups.

Statistical analysis

SPSS 26.0 software was used for statistical
analysis. Measurement data conforming to a
normal distribution were expressed as mean +
standard deviation, and comparison between
the two groups was performed by T-test (or cor-
rected T-test); Measurement data that did not
conform to a normal distribution were repre-
sented by median (quartile), and Mann-Whitney
U test was used for two groups of independent
samples. Count data were expressed as cases
or cases (%) using x? test (Fisher’s precision
probability test). The survival curve was plott-
ed by Kaplan-Meier method. P<0.05 indicated
that the difference was statistically significant.

Results
Baseline data and clinical features

A total of 39 patients with CA were included in
this study, including 23 males (58.97%) and 16
females (41.03%). The youngest was 43 years
old and the oldest was 81 years old. The aver-
age age at diagnosis was 60.51+10.28 years
old. CA patients included in this study were
admitted with non-specific symptoms and signs
of cardiovascular circulatory system (heart dis-
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Table 1. Baseline characteristics of patients with CA

Characteristics Results
Gender
Male 23 (58.97%)
Female 16 (41.03%)
Age (years)
<60 17 (43.59%)
>60 22 (56.41%)
Symptoms of cardiovascular or circulatory system*
Dyspnea 32 (82.05%)
Weakness or fatigue 25 (64.10%)
Edema of lower limbs 24 (61.54%)
Arrhythmia 23 (58.97%)
Pericardial effusion 23 (58.97%)
Palpitation 21 (53.85%)
Hypotension 19 (48.72%)
Thoracodynia 14 (35.90%)
Syncope 3 (7.69%)
Respiratory symptoms*
Anhelation 21 (53.85%)

Chest distress
Pleural effusion (hydrothorax)
Cough
Hoarse
Symptoms of the digestive system*
Abdominal distension
Peritoneal effusion
Hepatosplenomegaly
Manifestations of other organ system diseases*
Skin, orbital purpura
Tongue hypertrophy

No clinical symptoms or signs (only physical examination found abnormalities)

Previous medical history
Multiple myeloma
History of cardiovascular diseases
Autoimmune (rheumatic immunity) diseases
History of endocrine diseases
Others

20 (51.28%)
17 (43.60%)
15 (38.46%)
5 (12.82%)

18 (46.15%)
13 (33.33%)
11 (28.21%)

4 (10.26%)
3 (7.69%)
4 (10.26%)

19 (48.72%)
18 (46.15%)
11 (28.21%)
9 (23.08%)
4 (10.26%)

Note: * indicates that some patients may have symptoms or signs of multiple organ systems at the same time, that is, a

patient may have several clinical symptoms.

ease), respiratory system disease and digestive
system, of which 31 patients (79.49%) were
accompanied by underlying disease history.
The clinical characteristics and baseline data
of all patients with CA are shown in Table 1.

Blood laboratory examination results
The 39 cases of CA patients included in this

study were accompanied by different degrees
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of hematology and blood biochemical abnor-
malities. Among them, 24 patients (61.54%)
had anemia of different degrees, 19 patients
(48.72%) had abnormal cTnT elevation, and all
patients (100%) had abnormal NT-proBNP ele-
vation. Thirty-three patients (84.62%) had
hypoproteinemia (albumin <35 g/L), and 28
patients (71.79%) had renal impairment. The
specific values of laboratory test results of CA
patients in this study are shown in Table 2.
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Table 2. The blood laboratory examination results of patients with CA

Variables Actual results Range of normal value
Blood routine examination
WBC/(x10°%/L) 11.93+7.52 4-10
HGB/(gL) 84.64+10.23 Male: 130-170; Female: 120-150
PLT/(x10°%/L) 138.54+£13.92 100-300
Blood biochemical examination
Albumin/(gL) 24.09+7.61 35-55
Globulin/(gL) 21.22+9.03 20-30
Creatinine/(umol/L) 257.23 (49.68, 307.54) 60-130
Urea nitrogen/(mmol/L) 14.53 (5.85,32.21) 3.2-7.1
Blood B,-microglobulin/(mgL) 13.28 (0.93,21.36) <8

Uric acid/(pumol/L) 554.23+37.69
NT-proBNP/(pg:mL) 7167.67+89.57
cTnT/(ug/L) 2.51(0.19, 3.94)
Serum calcium/(mmol/L) 2.09+0.65
LDH/(U/L) 584.62+26.73

Male: 150-420; Female: 90-357

<50 years old: <450 pg/mL; 50-70 years old: <900
pg/mL; >70 years old: <1800 pg/mL

<0.1
2.25-2.75
109-245

Note: WBC, white blood cell count; NE, neutrophils; HGB, hemoglobin; PLT, platelet; NT-proBNP, N-terminal pro-B-type natri-
uretic peptide; ¢TnT, cardiac troponin T; LDH, Lactate dehydrogenase.

Cardiac disease related instrumental examina-
tion

All 39 cases of CA patients included in this
study had conducted the routine cardiac instru-
mental examinations, such as ECG and trans-
thoracic UCG. A typical illustration of ECG find-
ings in CA patients can be seen in Figure 1A-C.
The typical representative findings of UCG
results of CA patients can be seen in Figure 2.
A total of 14 patients in our study underwent
cardiac MRI, and the results of cardiac MRI
were shown in Figure 3A-C. The specific results
of cardiac instrument examination for all CA
patients in this study are shown in Table 3.

Histological and pathological examination

Considering that amyloidosis often involves
multiple organ systems, the technical require-
ments of cardiac biopsy are complex, the risk is
high, and the CA patients’ cooperation is low,
the pathological specimens of patients includ-
ed in this study mainly included bone marrow
biopsy, subcutaneous tissue, kidney, and throat
tissues. As shown in Figure 4A-D, the patho-
logical findings are illustrated as follows: Figure
4A: (bone marrow tissue) Focal bone marrow
cavity and small blood vessel walls showed
homogeneous red staining material (HE stain-
ing, x200). Figure 4B: (bone marrow tissue)

4538

Congo red staining (+), combined with HE stain-
ing (Figure 4A), is consistent with amyloidosis.
Figure 4C: (subcutaneous tissue) Eosinophilic
glass-like substance without structure can be
seen in the superficial layer of the dermis,
which is not distinguishable from the surround-
ing collagen fibers, and the surrounding inflam-
matory cells are shown to have circumferential
infiltration (HE staining, x200). Figure 4D: (sub-
cutaneous tissue) Congo red staining (+), com-
bined with HE staining (Figure 4C), consistent
with amyloidosis. Figure 4E: (laryngeal tissue)
Cloudy, flaky, clumpy powdery material deposi-
tion with a small amount of inflammatory cell
infiltration (HE staining, x200). Figure 4F:
(laryngeal tissue) Congo red staining (+), com-
bined with HE staining (Figure 4E), is consistent
with amyloidosis. Figure 4G, 4H: (renal needle
biopsy tissue) focal deposition of amorphous
weak eosinophilic amyloid in renal interstitium
(Figure 4G: HE staining, x200; Figure 4H: HE
staining, x400).

Treatment regimens

All CA patients included in this study received
standardized treatment. Thirty-four patients
(87.18%) received furosemide, 29 patients
(74.36%) received spirenolactone, 15 patients
(38.46%) received B-blockers, and 8 patients
(20.51%) received angiotensin-converting en-
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Figure 1. Typical presentation of ECG findings in CA patients. A: 1. Whole lead low voltage; 2. V1-V6 poor R-wave
progression. B: 1. Low voltage in limb leads; 2. V1-V3 poor R-wave progression; 3. Supraventricular tachycardia. C:
1. Low voltage in limb leads; 2. V1-V3 poor R-wave progression; 3. Atrial fibrillation.

Figure 2. Typical representative legend of ultrasonic cardiogram (UCG) examination results of CA patients. The UCG
showed: A: Left atrium and right atrium were enlarged, and left ventricular wall motion was weakened. B, C: Septum
and posterior wall of left ventricle were symmetrically thickened, and the myocardium showed speckled strong echo.
D: Widening of pulmonary artery and pulmonary hypertension. E: M pattern echocardiographic ventricular wave
cluster showed significant thickening of the ventricular septum and the posterior wall of the left ventricle. F, G: Mitral
regurgitation (moderate to severe) and tricuspid regurgitation.

zyme inhibitor (ACEIl)/angiotensin receptor blo-
cker (ARB). Another 21 cases (53.85%) were
treated with chemotherapy targeting the prima-
ry disease. Among them, the specific chemo-
therapy regimen for 21 patients included: 10
patients (47.62%) who received bortezomib
based chemotherapy, 7 patients (33.33%) re-
ceived thalidomide/lenalidomide based che-
motherapy, 4 patients (19.05%) received cyclo-
phosphamide based chemotherapy, and 3 pa-
tients (14.29%) received other chemotherapy
regimens.

Follow-up and prognostic analysis

The median follow-up time was 29.5 (range,
6.5-71) months, and at the latest follow-up,
only 12 cases of 39 patients with CA were still
alive, and 27 patients died in our study, all of
which were due to uncontrollable progression
of the disease and failed treatment. All patients
included in this study were divided into age
and gender comparison groups according to
clinical baseline data. Meanwhile, patients we-
re grouped according to whether chemotherapy
was used and whether they were accompanied
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with renal impairment. Our study showed that
there is no statistical significance in the differ-
ent age groups of the CA patients (P>0.05),
while it was surprising that male CA patients
had significantly worse OS than female patients.
Correspondingly, patients who received chemo-
therapy and were accompanied with renal
impairment had a worse prognosis than those
who did not receive chemotherapy and had a
normal renal function (all P<0.05). The survival
curve of all CA patients in this study is shown in
Figure 5.

Discussion

Amyloidosis is a kind of disease caused by
insoluble filaments with B-like folding structure
deposited outside cells by proteins, causing
organ dysfunction [10, 11]. Amyloidosis is a
systemic disease in which amyloid substances
can be pathologically deposited in tissues
throughout the body, such as skin, gastrointes-
tinal tract, nervous system, and so on. It is
called myocardial amyloidosis when it infil-
trates the myocardium and causes damage to
cardiac structure and function [12, 13]. Amyloid
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Figure 3. Typical representative legend of cardiac MRI results in CA patients. A: 1. The ventricular septum and the
posterior wall of the left ventricle were thickened, and the left and right ventricles and atria were diffused to delay
subendocardial enhancement; 2. Enlarged heart, reduced left ventricular systolic and diastolic function, pericardial
effusion; 3. Mild regurgitation of mitral and tricuspid valves. B: 1. Left atrium enlargement with atrial muscle thick-
ening, left ventricular wall symmetry thickening; 2. Slight regurgitation of mitral and tricuspid valves. C: 1. The heart
is enlarged (especially in the right heart) and the left ventricular systolic and diastolic function is weakened, and
the left ventricular wall is delayed and abnormally strengthened; 2. Small amount of pericardial effusion, tricuspid
regurgitation. Note: The red arrow represents the site of amyloidosis in cardiac organ.
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Table 3. Major results of cardiac instrumental examination in

patients with CA

loidosis (ATTR), secondary amy-
loidosis and AApoAl amyloido-

Category of instrumental examination

sis are the most common and

Electrocardiogram (ECG)*
Low voltage in limb leads
Various types of atrioventricular block
Atrial fibrillation
Abnormal necrotic Q wave
Various types of tachycardia
V1-V6 poor R-wave progression
Transthoracic ultrasonic cardiogram (UCG)*
Left ventricular wall thickened
Ventricular septum thickened
Wall of the right ventricle thickened
Diffuse thickening of the left and right ventricles
Atrial enlargement
Mitral regurgitation to varying degrees
Tricuspid valve regurgitation of varying degrees
Pulmonary hypertension
Cardiac MRI

Delayed gadolinium enhancement of the ventricular wall

Ventricular wall thickens to varying degrees
Ventricle or atrium enlargement

Results ) i - )
easily cause cardiac impair-
ment [16, 17].
24 (61.54%)
16 (41.03%) Amyloidosis causes systemic
13 (33.33%) multi-organ damage, so the sy-
11 (28.21%) mptoms are not typical, which

brings great challenges and dif-
ficulties to the diagnosis of the
disease. Early diagnosis needs
to look for the diagnostic clues
of CA from the situation of tis-

8 (20.51%)
4 (10.26%)

22 (56.41%)

13 (33.33%) sue and organ invasion. When
5 (12.82%) CA infiltrates the heart, its early
3 (7.69%) manifestations include heart
26 (66.67%) failure with ejection fraction

retention, progressive worsen-
ing dyspnea, chest tightness,
refractory ascites, pleural effu-
sion, hypotension, and various
arrhythmias, which should be

17 (43.59%)
16 (41.03%)
5 (12.82%)

11 (78.57%

13 (92 86‘V) timely excluded for diagnosis
(92. ) ) and disease differentiation

1 (7.14%) [18, 19]. Of course, it should

Note: * indicates that the patient has multiple lesions at the same time in results
of cardiac instrumental examination, that is, a patient may have several clinico-

pathological features.

deposits in the heart eventually lead to cardiac
diseases with impaired myocardial diastolic
function as the main clinical manifestation. In
addition, the clinical understanding and diag-
nosis of CA are limited, and the early symptoms
are not typical, leading to delayed medical
treatment. Therefore, most patients diagnosed
and treated clinically are in the advanced stage
of myocardial amyloidosis. It can eventually
develop into angina pectoris, arrhythmia or
even congestive heart failure, with a poor prog-
nosis [14, 15].

For many years, CA was considered to be a rare
cardiac disease and was clinically limited by
diagnostic techniques and limited knowledge
of the disease. Even though CA was diagnosed,
it was not further classified. However, the treat-
ment and prognosis of each subtype were com-
pletely different. At present, 36 precursor pro-
teins have been found to form amyloid depos-
its, at least 9 of which are related to cardiac
amyloidosis, among which primary systemic
light chain amyloidosis (AL), transthyretin amy-
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also be noted that when CA
is involved with other organs,
it can also be manifested as
skin ecchymosis and periorbit-
al purpura, macroglossia (stiff tongue with
teeth marks), hoarseness, right upper abdomi-
nal discomfort (hepatosplenomegalysis), pro-
teinuria, and carpal tunnel syndrome, a series
of elusive and non-specific clinical symptoms
and signs [20-22].

From the perspective of diagnosis and differen-
tiation of CA, histopathological examination,
ECG, UCG, CMR, myocardial nuclide imaging
and other examination methods could play an
essential role in differentiation of CA, which
also indicates that the patients included in this
study had the above examination methods
actively conducted during their hospitalization.
It is worth mentioning that endocardial histo-
logical biopsy is the gold standard for the diag-
nosis of CA. Unfortunately, because it is an
invasive medical examination means, it is very
difficult to implement in clinical practice. If
there are typical manifestations of heart invo-
Ivement, endocardial biopsy can be replaced by
abdominal wall fat, small salivary glands and
other body tissues. However, the treatment and

Am J Transl Res 2024;16(9):4534-4548
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Figure 4. Representative histopathological figures of CA patients. (A, B) Bone marrow tissue. (C, D) Subcutaneous
tissue. (E, F) Laryngeal tissue. (G, H) Kidney tissue. Note: (A, C, E) is hematoxylin-eosin (HE) staining, x20. (B, D, F)
is Congo red staining, x20. (G, H) is HE staining, (Q) is x20, (H) is x40.
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Figure 5. Overall survival (0OS) rate of CA patients in this study. A: Patients with CA were divided into gender com-
parison (male or female) group, and the OS of them was compared. B: Patients with CA were divided into age com-
parison (<60 years or >60 years) group, and the OS of them was compared. C: Patients with CA were divided into
different treatment options (non-chemotherapy or chemotherapy) group, and the OS was compared. D: Patients
with CA were divided into different renal function (normal renal function or renal impairment) groups, and their OS
was compared.

prognosis of different types of amyloidosis are manifestations in CA patients are not the same,
completely different, and this method can only but the most common and most important is
diagnose amyloidosis and has limited help for QRS low voltage; the more obvious the myocar-
further typing [23]. At the same time, all ECG dial infiltration, the lower the voltage, with false
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Q waves, atrioventricular block, and bundle br-
anch block are also being more common, where
low voltage and ventricular wall hypertrophy
contradiction phenomenon are usually an im-
portant diagnostic clue of the disease, while
ATTR rarely manifests as low voltage [24, 25].
In addition, echocardiography is the most com-
mon and simple examination performed in clini-
cal practice, typically showing symmetrical
thickening of the left ventricular wall with nor-
mal chamber size and scattered flickering
granular strong echoes within the myocardi-
um, but most of these manifestations are late
manifestations of CA [26, 27]. Late gadolini-
umenhancement magnetic resonance imaging
(LGE-MRI) is a classic application of CMR in
the diagnosis of CA, which is typically charac-
terized by diffuse left ventricular thickening
with characteristic subendocardial enhance-
ment, and with the application of phase sensi-
tive inversion recovery sequence (PSIR) tech-
nology, the sensitivity and specificity of diagno-
sis have been significantly improved [28-30]. In
addition, measuring cardiomyocyte extracellu-
lar volume (ECV) with CMR can further improve
the sensitivity of diagnosis. Of course, in recent
years, more and more studies have confirmed
that Tc-99m-3,3-Diphosphono-1,2-Propanodi-
carboxylic Acid (Tc-99m DPD) as a tracer of car-
diac nuclide imaging can be used for early diag-
nosis, typing, and identification of other rare
and difficult to distinguish types of cardiomy-
opathy [31-33].

From the perspective of CA treatment, it is
mainly the treatment of heart failure, control of
arrhythmia and targeted treatment for AL and
ATTR. Due to the particularity of CA disease
itself and limited technical means, often pa-
tients have developed heart failure when they
first seek medical treatment, at this time, if the
application of conventional heart failure drugs
such as beta blockers, ACEl and other drugs
often cause patients to have hypotension or
even shock, which will aggravate the condition
of patients, undoubtedly making the patients’
condition and prognosis worse. Therefore, the
cornerstone of the treatment of heart failure
in CA patients should be the use of salt restric-
tion and diuretics, the careful use of anti-heart
failure drugs when tolerable, and the use of
vasopressor drugs when necessary [34, 35].
In addition, due to the risk of malnutrition in
CA, nutritional support treatment is necessary,
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which will help improve the survival rate and
quality of life of CA patients [36, 37]. Perhaps
it is worth paying attention to that our study
found that factors such as the gender, whether
accompanied with renal impairment, and whe-
ther there is chemotherapy for the primary dis-
ease are important aspects that affect the
prognosis of CA patients. Hence, it is necessary
to attach importance to the personalized treat-
ment of patients, and provide individualized
programs for them to fully care for the basic
physiological conditions of CA patients in clini-
cal practice.

There is no doubt that the treatment measures
and prognosis are quite different for different
pathological types of CA, so it is essential to
identify the type of CA before starting treat-
ment. For the treatment of AL, targeting plas-
ma cells in the blood system to inhibit their pro-
duction of monoclonal immunoglobulins and
achieve hematological remission is the key.
Before treatment, grading should be performed
according to the age, blood pressure, cardiac
function grade, and the indicators of NT-proBNP,
cInT. High-dose melphalan combined with
autologous hematopoietic stem cell transplan-
tation can be applied to mild cases, bortezomib
based chemotherapy regimen can be select-
ed for moderately affected patients, including
bortezomib + cyclophosphamide + dexametha-
sone, bortezomib + melphalan + dexametha-
sone, melphalan + dexamethasone regimen,
and the chemotherapy dose can be appropri-
ately increased for severely affected patients
[38, 39]. In addition, the immunomodulator
thalidomide has also been shown to be effec-
tive in patients with AL type of CA [40]. However,
when the involvement and organ damage are
mild, autologous stem cell transplantation
(ASCT) combined with effective chemotherapy
can basically achieve the purpose of curing the
disease, but unfortunately, once the heart is
involved, the indications for ASCT are extremely
strict, and there is only a rare chance of trans-
plantation when the heart progresses to CA, so
chemotherapy is still the first strategy to be
adopted.

Admittedly, for CA patients with ATTR type, cur-
rent drugs targeting ATTR generally inhibit TTR
generation, stabilize TTR tetramer structure
and other mechanisms, including Inotersen
and Patisiran [41, 42]. Inotersen is an anti-
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sense oligonucleotide drug, which can bind
to the mRNA encoding TTR protein and degra-
de and inhibit TTR protein generation. While
Patisiran and Vutrisiran, as small interfering
RNAs, can silence TTR gene expression and
block TTR protein generation, thus producing
anti-CA effects, and delay the occurrence of
corresponding complications [43, 44]. Never-
theless, immune agents such as prothema
(PRX004) can inhibit the promotion of amyloid
fibrillary formation and promote clearance
through immune-mediated phagocytosis and
other related mechanisms, playing a good
therapeutic effect [45]. Similarly, epigallocate-
chin-3-gallate (EGCQG), which treats the biologi-
cal activity of ATTR-type CA by inhibiting the
destruction and regulation of oligomers, could
also significantly inhibit the formation of TTR
amyloid proteins [46]. For CA patients accom-
panied with heart disfunction and kidney dis-
function who are in the stage of failure, multi-
organ transplantation can be performed [47].
The orthotopic heart transplantation is definite-
ly an important means in the treatment of CA
patients, especially for some patients whose
heart function is in the terminal stage and the
hematological response reaches CR after che-
motherapy, organ transplantation may be the
only treatment method, while the reality is that
even if they meet the indications for heart
transplantation, they are often unable to toler-
ate surgery because of age, body disease rea-
sons, and so on. Therefore, the novel treatment
methods of CA still need to be explored and
optimized.

In summary, amyloidosis can occur in any organ
of the body through the deposition of amyloid
fibrils, and when these accumulate in the heart,
it causes cardiac amyloidosis, and it is undoubt-
edly a life-threatening progressive malignant
disease. CA is an increasingly recognized cau-
se of heart failure with poor prognosis. How-
ever, the pathophysiology of CA is multifactori-
al, including increased oxidative stress, mito-
chondrial damage, apoptosis, impaired metab-
olism, and altered intracellular calcium balance
[48]. Although CA is regarded as a rare disease,
with the innovation and development of diagno-
sis and treatment technology, current studies
have found that CA may be hereditary or a
result of the aging process, but regardless of
the type of CA, patients will experience a heavy
burden of clinical symptoms and economic
pressure [49]. To date, gratifying progress has
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been made in the clinical management of con-
servative drug therapy for CA. Surgical treat-
ment, such as mechanical circulatory support
and heart transplantation, should be consid-
ered for suitable patients. The use of Al-driven
algorithms for early diagnosis and treatment
and the development of newer genetic engi-
neering technologies will drive improvements in
diagnosis, treatment and prognosis for CA
patients in the future [50].

Conclusion

To sum up, CA is a disease caused by systemic
amyloidosis involving the heart. Therefore, the
key and difficult points of CA diagnosis and
treatment as well as the premise and basis for
improving the long-term prognosis of CA
patients are clear diagnosis and accurate typ-
ing. With the improvement of various medical
examination techniques, new non-invasive me-
thods are expected to replace traumatic myo-
cardial biopsy for definitive diagnosis. In daily
clinical practice, electrocardiogram, echocar-
diography, and cardiac MRI are effective means
for the diagnosis of CA, but myocardial biopsy
is still the “gold standard” for the diagnosis
of CA, and blood biochemical items such as
NT-proBNP, cTnT or renal globulin filtration rate
can also stratify the risk of CA patients, this will
provide strong help for subsequent treatment.
There is no doubt that in addition to treating
heart failure and arrhythmia, the treatment of
CA also requires targeted individual treatment
according to the subtype and etiology of CA
patients, so as to maximize the prognosis of CA
patients.
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