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Multimodality imaging features of systemic

amyloidosis: a case report

YiYu'?, Zhi-Chao Li?, Guang-Yin Li', Ting Wang? and Yi-Gang Li®"

Abstract

Background Systemic light chain amyloidosis is a rare and debilitating disease, especially for which initially pre-
sented with digestive tract involvement. Myocardial amyloidosis is highly aggressive with generally poor prognosis
and often resulted in missed diagnosis or misdiagnosis with routine examination tools. Multimodality imaging play
an important role in diagnosing the amyloidosis effect on multiple organs. Chemoradiotherapy is the mainstay

of treatment.

Case presentation This article presents a rare case of systemic light chain amyloidosis, initially with gastroin-
testinal symptoms, in a 68-year-old male. He was hospitalized with diarrhea for one year and a half, dysphagia

for 4 months, but he had no dyspnea. The transthoracic echocardiogram revealed myocardial hypertrophy of the left
ventricle, the hypertrophic heart muscle echoed like "ground glass". The left ventricular ejection fraction (LVEF)
detected by Simpson method was 51% and global longitudinal strain (GLS) was -9.00%. But cardiac magnetic
resonance showed the patient without gadolinium delayed enhancement. The urinary protein series quantification
and the serum free light chain levels were all increased. While the ratio of free k and free A was decreased. Hence,
the abdominal fat biopsy of the patient was amyloidosis by electronic and immunoelectron microscopy. Organs
involved include heart, kidneys, gastrointestinal tract and nervous system, stage Il of mayo 2012 model. The patient
was treated with Dara-BCD chemotherapy. This case underscores the diagnostic complexity, emphasizing the need
for early identification given the grim prognosis associated with systemic AL amyloidosis requiring clinical data,
detailed imaging, and histopathological insights. After discharge, the patient became better and followed up in the
outpatient.

Conclusions Systemic light chain amyloidosis can easily be missed diagnosis or misdiagnosis in its early stages,
losing the opportunity for initiating earlier treatments to improve potential patient outcomes. Despite advance-
ments in diagnostic biomarkers, this case highlights the potential for missed diagnosis with standard CMR imaging
when gadolinium enhancement is negative. The utility of echocardiographic features such as reduced GLS and abnor-
mal ECG findings emerges as critical in early identification of myocardial amyloidosis. The correct diagnosis of this case
relied on the comprehensive utilization of multimodal imaging techniques including biopsy.
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Fig. 1 Electrocardiogram and echocardiogram features. a ECG documented that the patient had sinus bradycardia, first degree atrioventricular
block, and myocardial ischemia. b TTE demonstrated left and right ventricular myocardial hypertrophy, the myocardium echoed like "ground glass"
(yellow arrow). ¢ From apical four-chamber view, TTE detected the dilated left and right atrium. d TTE showed the thickened interatrial septum
(yellow arrow) in apical four-chamber view. ECG: electrocardiogram; TTE: transthoracic echocardiography; LA: left atrium; RA: right atrium; IVS:

interventricular septum; IAS: interatrial septum

Background

Systemic light chain (AL) amyloidosis is a rare and debili-
tating disease with an estimated incidence of 10-14 cases
per million people in the United States [1]. The pathogenic
immunoglobulin light chain in systemic AL amyloidosis is
most often produced by a small clonal plasma cell popula-
tion, and misfolded light chains aggregate and deposit in
organs as amyloid fibrils, disrupting multiple organs’ nor-
mal function and leading to lethal complications [2].

Early mortality was 13.4% and did not improve, it
remained high in patients with advanced cardiac disease,
especially for stages III and IV [3]. Current treatments
for AL amyloidosis target the plasma/B cell clone aiming
to reduce the production of toxic light chains. Regimens
based on bortezomib were the most frequently used as
first-line therapy, only 6.2% of the patients received autol-
ogous stem cell transplant [4-7].

Case presentation

A 68-year-old male presented with diarrhea for one
year and a half, dysphagia for 4 months was hospi-
talized in the gastroenterology department of our

hospital. He had no history of hereditary diseases
in the family and psychological disorders. Diarrhea
began to occur 4-5 times per day after the third injec-
tion of Corona Virus Disease 2019 (COVID-19) vac-
cine, without nausea, abdominal pain, chills and fever.
The diarrhea could not be controlled by antidiarrheal
drugs (imodium). The patient developed symptoms of
syncope, loss of consciousness, walking instability, and
postural hypotension was diagnosed. However, he had
no dyspnea.

On admission, gastroenteroscopy examination showed
chronic gastritis and enteritis. Initial 12-lead electrocar-
diogram showed sinus bradycardia, first degree atrio-
ventricular block, V1, V2 and V3 displayed QS, T wave
I, aVL, V5 and V6 inverted, V4 notched and presence of
abnormal QRS axis and prolonged QTc (456 ms) (Fig. 1a).
The levels of serum N-terminal proB-type natriuretic
peptide (NT-proBNP) (1663.6 pg/mL) and cardiac tro-
ponin I (cTnl) (0.083 ng/mL) were elevated. 24-h urine
protein (24hUP) was increased (3978.79 mg per day) and
blood albumin was decreased (24.6 g/L). Then, he was
diagnosed with hypoproteinemia.
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Fig.2 TTE and RT4D-TTE revealed the left ventricular ejection fraction and diastolic function. a Pulse wave Doppler showed that peak A velocity
was higher than peak E of the mitral flow (yellow arrow). b Tissue Doppler Imaging (TDI) detected peak a'velocity was higher than peak e’

of the mitral annular (yellow arrow). ¢ Representative images of LV strain values, STE of VI technique detected the patient with a GLS of —9.00%. d
Automatic volumetric left ventricular analysis (LVA) showed that LV ejection fraction was 52.28%. RT4D-TTE: real-time 4-dimensional transthoracic

echocardiography; TDI: Tissue Doppler Imaging

The transthoracic echocardiography (TTE) revealed
myocardial hypertrophy of the left and right ventricle,
the thickness of left ventricular wall was from 13.9 mm
to 16 mm (Fig. 1b) and the lateral wall thickness of the
right ventricle was 9.9 mm. The hypertrophic heart mus-
cle echoed like "ground glass" (Fig. 1b) and the systolic
activity of the left ventricular apical level was normal
(Video 1). The left and right atrium slightly dilated, the
volume was 62.6 ml and 45.9 ml, respectively, and the
interatrial septum thickened with a thickness of 10 mm
(Fig. 1c and 1d). At the same time, the patient also had a
small amount of pericardial effusion (Video 2 and 3) and
occasional premature beats. Color Doppler of transtho-
racic echocardiography revealed mild mitral and tricus-
pid regurgitation (video 4). The left ventricular ejection

fraction (LVEF) detected by Simpson method was 51%
and diastolic dysfunction was Grade I, E/e’=12.7 (Fig. 2a
through c). Automatic volumetric left ventricular analysis
(LVA) showed that LVEF was 52.28% (Fig. 2d; video 5).
Strain tracking echocardiography of velocity vector imag-
ing technique showed the patient with a global longitudi-
nal strain (GLS) of —9.00% (Fig. 3a and b). We considered
the patient with myocardial amyloidosis for the first time.

Meanwhile, the entire process of NT-proBNP and
cTnl exhibited dynamic changes in chronological order.
The highest levels of serum NT-proBNP and cTnl were
4293 pg/mL and 0.083 ng/mL, respectively. The urinary
protein series quantification was all increased: urinary
immunoglobulin G 153.00 mg/L, urinary transferrin
69.90 mg/L, urinary microalbumin 1540.00 mg/L and
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Fig. 3 STE features of the heart. a, b Strain tracking echocardiography (STE) of velocity vector imaging (VVI) technique showed the patient

with a GLS of —9.00%
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Fig. 4 CMR features of the patient. a CMR showed the left ventricular systolic function was normal, a small amount of pericardial effusion, left
ventricular myocardial perfusion and enhanced delayed scanning showed no significant abnormalities. b Representative images of LGE images. The
myocardial value was within the normal range and LGE was negative. CMR: cardiac magnetic resonance; LGE: late gadolinium enhancement

Al-microglobulin 29.60 mg/L. While a2 macroglobu-
lin was decreased (2.36 mg/L). The serum free light
chain levels increased (Kappa 22.40 mg/L and Lambda
255.00 mg/L). The ratio of free k and free A was decreased
(free k/ free A=0.09). Meanwhile, 24-h urinary light
chain were progressively increased (k 118.94 mg/L and A
141.55 mg/L). Immunofixation electrophoresis showed a
series of M protein: albumin 48.4% was decreased, alpha
1 4.5% and gamma 21.3% were increased, while alpha
2 13.2% and beta 12.6% were normal. The pathologi-
cal diagnosis of bone marrow was active proliferation of
hematopoietic tissue.

Cardiac magnetic resonance (CMR) showed homo-
geneous hypertrophy of the LV and the left ventricular
systolic function was normal, a small amount of peri-
cardial effusion, left ventricular myocardial perfusion
and enhanced delayed scanning showed no significant

abnormalities (Fig. 4a and b). In non-contrast CMR, the
myocardial value was within the normal range. Therefore,
the patient with negative late gadolinium enhancement
was diagnosed. This brought us confusion.

The patient was finally diagnosed with systemic AL
amyloidosis by electronic microscopy (EM) and immu-
noelectron microscopy (IEM) (Fig. 5a through d). The
abdominal fat biopsy of the patient was amyloidosis,
EM showed the deposition of amyloid fibers between
adipocytes or around the vessels. The filaments were
unbranched, rigid, and disordered. IEM showed a large
amount of colloidal gold particles attached to amyloid
fibers. Organs involved include heart, kidneys, gastroin-
testinal tract and nervous system, stage III of mayo 2012
model. The acute management section started with diu-
retic therapy, control heart rate and manage blood pres-
sure. Then, the patient accepted two courses of treatment,
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Fig.5 The pathological ultrastructure and electron microscopic examination confirmed the adipose tissue amyloidosis. a EM showed the fat cells
(yellow arrow) and the deposition of amyloid fibers between adipocytes, that is, unbranched, rigid, and disordered filaments (green arrow). b EM
showed the vascular endothelial cells (yellow arrow) and the deposition of amyloid fibers around the vessels (green arrow). Magnification 20000X,
bar=1.0um. ¢ IEM showed lots of colloidal gold particles attached to amyloid fibers (black particles). Magnification 30000X, bar=0.5um. d IEM
showed a large amount of colloidal gold particles attached to amyloid fibers (black particles). Magnification 60000X, bar=0.2um. EM: Electronic

microscopy; [EM: Immunoelectron microscopy

and the regimen was Dara-BCD chemotherapy. The
treatments including 2.2 mg bortezomib, 300 mg cyclo-
phosphamide, 960 mg Dara and 20 mg dexamethasone
were pretreated per week, respectively. Two months later,
his echocardiography showed the myocardial amyloi-
dosis began to improve. The LVEF detected by Simpson
method was 57%. Automatic volumetric left ventricu-
lar analysis showed that LVEF was 58%. Strain tracking
echocardiography of velocity vector imaging technique
showed the patient with a GLS of —13.00%. The levels of
serum NT-proBNP (1441.31 pg/mL) and cTnl (0.046 ng/
mL) were decreased. Lifestyle changes included dietary
adjustments to limit fluid intake and manage sodium lev-
els, as well as tailored exercise recommendations based
on the patient’s functional ability. The patient became
better and followed up in the outpatient.

Discussion and conclusions

Systemic AL amyloidosis is associated with non-specific
symptoms and substantial heterogeneity in clinical pres-
entation [8, 9]. It is usually not diagnosed and treated

until irreversible organ damage has occurred because
it requires a high degree of suspicion and specialized
techniques [3-5, 10, 11]. Despite significant advances in
diagnosis (introduction of serum free light chain meas-
urement and the use of cardio-biomarkers) [12], timely
diagnosis did not prompt, with half of the patients being
diagnosed more than 5 months after the first symptoms.
Over one-third of patients presenting with stage III dis-
ease were found and at an advanced cardiac stage.

This case underscored the diagnostic challenges in
AL amyloidosis, particularly when symptoms were ini-
tially extra-cardiac. Echocardiographic features in this
patient with myocardial amyloidosis were first diagnosed
and finally he was proved with AL amyloidosis by the
abdominal fat biopsy. In this case, the patient presented
with gastrointestinal involvement, but without symptoms
of heart failure such as dyspnea at the beginning. The
severe cardiac amyloidosis of our diagnosis was based on
echocardiographic features including thickening of left
ventricular walls, echoed like "ground glass" in the myo-
cardium, a small amount of pericardial effusion, bilateral
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atrial enlargement, and decreased GLS of left ventricle.
Then, even if CMR imaging showed gadolinium delayed
enhancement negative, we proved that LV strain values
correlated significantly with the changes of EKG and
GLS showed earlier impairment than serum biomarkers
or LVEE. Multimodality imaging play an important role
in diagnosing AL amyloidosis disease burden. Finally,
amyloidosis involving multiple organs was verified by the
abdominal fat biopsy, and stage III of mayo 2012 model
was diagnosed.

At present, these cardiac biomarkers of NT-proBNP,
cInT, and the difference between the involved and
uninvolved free light chain are often used to identify
patients for optimal therapy selection and risk stratifi-
cation during treatment for systemic amyloidosis in the
Mayo staging system [13-17]. In this case, the entire
process of NT-proBNP was showed exhibited dynamic
changes in chronological order and the highest level of
serum NT-proBNP was apparently increased, but less
than 8500 pg/mL which was demonstrated by Vaxman,
S. K.et al. [18]. The level of cTnl was from 0.083 ng/mL
to 0.033 ng/mL before and after treatment while it was
also exhibited dynamic changes. More recently Lilliness
et al., [19] revised and validated the original Mayo staging
to include BNP and cTnl cutoffs in place of NT-proBNP
and cTnT offering centers without access to these latter
markers, the ability to stage patients with systemic amy-
loidosis. Once patients develop AL cardiac amyloidosis,
however, the clinical utility of these biomarkers is more
uncertain. Nordlinger et al., [20] showed that BNP levels
in those with cardiac amyloidosis did not discriminate
between patients who had heart failure versus those who
were asymptomatic. This indicates that BNP (a measure
of wall stress) cannot distinguish between increased LV
filling pressures and direct cardiac toxicity caused by
extracellular amyloid deposits.

It was also reported that systemic AL amyloidosis with
cardiac involvement was revealed in 50% of patients [21].
However, once symptomatic heart failure occurs, thera-
peutic options are limited, leading to a poor overall prog-
nosis [22]. In addition, Kim D et al., [23] demonstrated
that abnormal QRS axis and prolonged QTc (>483 ms)
showed significant incremental prognostic values in
addition to revised Mayo stage. ECG score showed good
associations with the mean absolute values of LV GLS
and regional LS; and mean values of Log NT-proBNP dif-
fered significantly according to ECG score and showed
an increasing trend as ECG score increased. In our case,
ECG findings included presence of abnormal QRS axis
and prolonged QTc (456 ms) were accompanied by the
decrease in GLS of LV and the change in NT-proBNP,
which were similar to the study of Kim D, et al. [23]. They
found ECG scores consisting of presence of prolonged
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QTc (>483 ms), and abnormal QRS axis showed good
association with longitudinal LV dysfunction and NT-
proBNP. Those parameters provided prognostic informa-
tion regarding prognosis of AL amyloidosis with cardiac
involvement.

As we all known, amyloid fibrils derived from antibody
light chains are key pathogenic factors in systemic AL
amyloidosis [2]. They were deposited in multiple organs,
and one of the main risk agents of death was cardiac
amyloid [4, 22]. Nevertheless, echocardiographic features
of myocardial amyloidosis guiding clinical diagnosis had
seldom been reported, especially for the negative result
of CMR. The clinical symptoms such as diarrhoea, pos-
tural hypotension, damage of the nervous system and
abnormal electrocardiogram findings which being incon-
sistent with myocardial hypertrophy presented the most
valuable clues for diagnosis. Fat tissue biopsy is one of the
requesting confirmations followed by risk stratification
and disease staging.

AL amyloidosis should be distinguished with other
restrictive cardiomyopathies, such as constrictive peri-
carditis, endomyocardial fibrosis (EMF), sarcoido-
sis, hemochromatosis and so on. TTE typically shows
a thickened and calcified pericardium with diastolic
ventricular collapse in the patient with constrictive
pericarditis. CMR and CT scans can further delineate
pericardial thickening and calcification. As for the patient
with endomyocardial fibrosis (EMF), TTE shows thick-
ened endocardial borders with chamber obliteration.
Predominantly affects the right ventricle, leading to right
heart failure. Cardiac catheterization may reveal elevated
filling pressures with a characteristic "dip and plateau”
pattern in the right ventricular pressure tracing. The
diagnosis of sarcoidosis relies on tissue biopsy showing
non-caseating granulomas. Additional tests such as chest
X-ray, ECG, TTE, and CMR can support the diagnosis.
The pathogenesis of hemochromatosis is excessive iron
accumulation in tissues due to genetic or acquired dis-
orders of iron metabolism. Diagnostic Tests including
serum ferritin, transferrin saturation, and liver biopsy can
provide a clear diagnosis. CMR imagings show iron dep-
osition in different organs.

Once diagnosed, chemotherapy and/or autologous
stem cell transplantation remains the standard of care
and first-line treatment [21]. In this case, the patient
responded well to chemotherapy with Dara-BCD, show-
ing improvement in echocardiographic parameters and
decreased biomarker levels after treatment. A 40-year
longitudinal natural history study conducted by Staron
A, et al. [24], revealed more effective management strate-
gies for patients with advanced amyloid cardiomyopathy
were still needed. It was reported that autologous stem
cell transplant (ASCT) has improved the survival of AL
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amyloidosis [25] and other plasma cell-directed therapy
such as immunomodulatory drugs (IMiDs), and protea-
some inhibitors (PIs) has been used. Moreover, Gustine
N, et al. [26], found HDM/SCT-treated individuals had a
highest 5-year overall survival rate, 50% patients received
more than two lines of therapy, reflecting the potential
long-term benefits of the treatment in AL amyloidosis.
More accurate selection for those patients as different
therapies became available.

Conclusions

In conclusion, systemic AL amyloidosis is prone to
missed diagnosis or misdiagnosis in its early stages, los-
ing the opportunity to initiate early treatment to improve
the prognosis of potential patients. Despite advance-
ments in diagnostic biomarkers, this case highlights the
potential for missed diagnosis with standard CMR imag-
ing when gadolinium enhancement is negative. The util-
ity of echocardiographic features such as reduced GLS
and abnormal ECG findings emerges as critical in early
identification of myocardial amyloidosis. The success-
ful diagnosis of our case depended on the comprehen-
sive utilization of multiple imaging techniques including
biopsy examinations.

Abbreviations

AL Systemic light chain

TTE Transthoracic echocardiography
LVEF Left ventricular ejection fraction
Lv Left ventricle

NT-proBNP  N-terminal proB-type natriuretic peptide
cTnT Cardiac troponin T

cTnl Cardiac troponin |

LVA Left ventricular analysis

GLS Global longitudinal strain

CMR Cardiac magnetic resonance

EM Electronic microscopy

IEM Immunoelectron microscopy
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