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Background: Transthyretin amyloid cardiomyopathy (ATTR-CM) is a progressive, infiltrative cardiomyopathy caused by misfolded
transthyretin proteins forming amyloid fibers that deposit in the myocardial interstitium. It may present with multi-systems involve-
ment. Diagnostic delay is common due to non-specific symptoms.

Case Summary: We present a case of ATTR-CM with autonomic neuropathy as initial symptom, accompanied by multi-system
manifestations. After being shuffled between multiple hospitals and departments, it was eventually found that his symptoms matched
several “red flags” of ATTR-CM. Following the diagnostic algorithm, he underwent a 99Tcm-PYP imaging and was finally diagnosed
with ATTR-CM. In our manuscript, we outline the diagnostic pathway recommended by the latest guidelines and review treatment
strategies that are available and emerging.

Discussion: Since early diagnosis is crucial for improving clinical outcomes for patients, we would like to highlight the pitfalls in
diagnosing this disease and emphasize the need to be aware of its variable clinical presentation and red flags.
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Introduction

Cardiac amyloidosis (CA) refers to the deposition of insoluble amyloid fibrils formed by misfolded proteins in the interstitial
spaces of myocardial cells, leading to a restrictive cardiomyopathy characterized primarily by diastolic dysfunction, often
manifesting as refractory heart failure and arrhythmias." The precursor proteins that trigger amyloidosis are mainly
monoclonal immunoglobulin light chains (L) and transthyretin (TTR), accounting for over 98% of all CA cases. These
amyloid proteins deposit in tissues and organs, causing structural damage and organ dysfunction, often resulting in multi-
system damage. Thus, amyloidosis is a systemic disease that can involve the autonomic nervous system, kidneys, gastro-
intestinal tract, skin, liver, and other organs.” Due to the lack of specificity in clinical manifestations, it often leads to under-
recognition and delayed diagnosis. For clinical doctors, being familiar with the cardiac and extra-cardiac warning signs (“red
flags”) is particularly important for the diagnosis of the disease. In this article, we report a case with ATTR-CM in which the
diagnosis was delayed by six years after the onset of symptoms. This case highlights the challenges in recognizing CA early
and underscores the importance of timely diagnosis to prevent irreversible organ damage and improve patient outcomes. Our
findings aim to enhance clinical awareness and reduce diagnosis delays in similar cases.

Case Presentation
A 70-year-old male retired teacher was admitted to the cardiology department of our hospital in June 2024 with a 1-week
history of palpitations, dyspnea, and general fatigue. A detailed history delineated a six-year, insidious progression of
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disease, commencing with non-specific constitutional symptoms before manifesting as severe cardiac and neurologic
dysfunction. His first consultation in 2018 was due to diarrhea, with a colonoscopy showing no abnormalities. Since then,
he has had chronic diarrhea (3—5 times/day) with long-term upper abdominal distension, early satiety, poor appetite, and
progressive weight loss. Since 2019, he developed progressive limb weakness and numbness. He was diagnosed as
peripheral neuropathy by neurologist. He also has experienced recurrent dizziness and syncope for 5 years, mostly
triggered by positional changes, with documented chronic hypotension (lowest 70/40 mmHg). Each syncope episode
lasted 3—5 minutes before regaining consciousness. No specific discomfort was reported upon waking. And repeated
cranial Magnetic resonance imaging (MRI) showed bilateral frontal lobe lacunar infarcts. Mildly abnormal renal function
was reported for 3 years, showing creatinine (Cr) 128-162 umol/L and urine protein + to +. He had experienced
palpitations, chest tightness, shortness of breath, and intermittent lower limb edema for 3 years, and was previously
diagnosed with chronic heart failure, atrial flutter, and valvular heart disease during hospitalization. Cardiac troponin
T (cTnT) levels had been mildly elevated since 2022, with persistently increased NT-proBNP. A Computed Tomography
Angiography (CTA) suggested coronary atherosclerosis, showing mild stenosis at the opening of the left anterior
descending artery. Hypothyroidism for 5 years, with cold intolerance and little sweating, he was treated with levothyr-
oxine 50 pg daily with partial symptom improvement, although thyroid function was followed irregularly. Other
manifestations included hypothyroidism, intermittent hoarseness, long-standing voiding difficulties, anxiety, and low
mood. He had no history of hypertension, diabetes, or relevant family history. The patient had consulted multiple
hospitals and departments due to the above symptoms, with some symptoms improving after symptomatic treatment but
easily recurring.

On admission, he was conscious but lethargic. Vital signs were: afebrile, BP 78/54 mmHg, HR 46 bpm, RR 18
breaths/min and SpO, 98%. He was cachectic with body mass index (BMI) of 16 kg/m”. Respiratory examination
revealed decrease air entry at left lower lung, no rales bilaterally. Cardiovascular examination revealed bradycardia,
irregular rhythm, and a soft systolic murmur 2/6. Neurological examination revealed severe muscle atrophy, absent
tendon reflexes in the lower limbs, and globally reduced muscle strength (4+ in upper limbs, 4- in lower limbs).

Investigations

After admission, he underwent relevant auxiliary examinations. Full blood Count showed hemoglobin concentration 87
g/L. Biochemical tests showed cTnT of 0.137 ng/mL, NT-proBNP of 10207 pg/mL, BUN of 8.6 mmol/L, Cr of 117.3
umol/L, and TSH of 11.215 ulU/mL. Stool culture and identification were negative. An electrocardiogram (ECG)
examination demonstrated atrial flutter with slow ventricular response, complete right bundle branch block and left
anterior fascicular block. Additionally, there was poor R wave progression in the anterior wall, and low voltage in limb
leads (Figure 1A). Echocardiography showed slightly dilated ascending aorta, enlarged atria, granular echogenicity in the
myocardium, thickening of the interventricular septum and left ventricular wall, thickening of the right ventricular
anterior wall, moderate regurgitation of the tricuspid and mitral valves, mildly elevated pulmonary artery systolic
pressure, small pericardial effusion, and left ventricular ejection fraction (LVEF) of 62%. Left ventricular global
longitudinal strain (LV GLS) was reduced at —12.5% with an apical sparing pattern, and E/e’ ratio was elevated at 18
(Figure 1B). Musculoskeletal ultrasound revealed thickening of the right median nerve at the carpal tunnel, with a cross-
sectional area of 17 mm?, whereas of 9 mm?® on the left side. Based on this finding, carpal tunnel syndrome was
considered, which is a recognized extracardiac red flag for ATTR amyloidosis (Figure 1C). Electromyography showed
peripheral nerve injury in the upper and lower limbs. Ultrasound of both kidneys and prostate showed no structural
abnormalities. Chest CT suggested a small nodule in the left upper lobe, bilateral mild to moderate pleural effusion, and
atelectasis in both lower lungs. Contrast-enhanced abdominal CT indicated gastric wall edema, multiple small lymph
nodes in the hepatogastric space, possible cholecystitis, as well as abdominal and pelvic effusion, mesenteric haziness,
and subcutaneous edema in the abdominal and pelvic wall. Laryngoscopy performed for intermittent hoarseness showed
pharyngitis and benign nasal polyps in the right nasal cavity, tongue base, and epiglottis. The antinuclear antibodies, anti-
ENA antibody, anti-neutrophil cytoplasmic antibody were negative. a-galactosidase A activity was 6.74 umol/L/h
(2.20~17.65), thus Fabry disease is excluded. Laboratory tests revealed that the serum immunoglobulin free light
chain (FLC) kappa and lambda levels were normal, and the FLC ratio was 1.058 (0.26-1.65). Furthermore, no
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Figure | (A) Electrocardiogram showing atrial flutter with slow ventricular response, complete right bundle branch block, left anterior fascicular block, low voltage in limb
leads (a typical electrocardiographic feature of transthyretin amyloid cardiomyopathy [ATTR-CM]), and poor R wave progression in the anterior wall. (B) Echocardiographic
images: (left) Four-chamber view demonstrating biatrial dilation; (middle) M-mode echocardiography revealing concentric ventricular hypertrophy (interventricular septum:
14 mm, posterior left ventricular wall: 13 mm, right ventricular anterior wall: 6.6 mm at diastole); (right) Color Doppler imaging showing moderate tricuspid and mitral
valves regurgitation. Left ventricular global longitudinal strain (LV GLS) of —15% and E/e’ ratio of 18 (key functional indices for ATTR-CM evaluation, consistent with diastolic
dysfunction in ATTR-CM) were also measured in this examination. (C) Musculoskeletal ultrasound images of the carpal tunnel: (left) Right median nerve with a cross-
sectional area of 17 mm?%; (right) Left median nerve with a cross-sectional area of 9 mm?, indicating right median nerve thickening. This finding suggests carpal tunnel
syndrome—a well-recognized extracardiac red flag for transthyretin amyloidosis.
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Figure 2 99mTc-PYP scintigraphy images: (Top panels) Anterior and right lateral planar acquisitions (2-hour and 3-hour) showing myocardial radiotracer uptake; (Bottom
panels) Transaxial, sagittal, and coronal tomographic images (centered on the heart) demonstrating persistent myocardial radiotracer retention. Key quantitative/qualitative
findings: |-hour heart-to-contralateral lung (H/CL) ratio = 1.55; 3-hour myocardial PYP uptake was greater than rib uptake, with a Perugini (SQA) rating of 2-3. SPECT/CT
was not performed in this examination to exclude blood pool activity; however, the above findings (22-grade myocardial uptake + exclusion of AL amyloidosis) are
consistent with the diagnostic criteria for transthyretin amyloid cardiomyopathy (ATTR-CM).

M protein was detected in either serum or urine, thereby excluding AL amyloidosis. Myocardial scintigraphy with
99mTc-pyrophosphate (99mTc-PYP) findings is as follows: a 1-hour H/CL ratio of 1.55 and 3-hour myocardial uptake
greater than rib uptake, with a Perugini (semiquantitative) grade of 2-3 (Figure 2).

Diagnosis and Outcome

Taken together, the patient presented with heart failure with preserved ejection fraction, complicated with the typical
ECG features, exclusion of monoclonal gammopathy, and grade 2-3 myocardial uptake on 99mTc-PYP scintigraphy
established the non-invasive diagnosis of ATTR-CM, without the need of endomyocardial biopsy, consistent with current
diagnosed criteria. The patient’s neurological features were consistent with a mixed polyneuropathy, including autonomic
manifestations (chronic diarrhoea, gastroparesis, dysuria, orthostatic intolerance, and syncope) and sensorimotor mani-
festations (carpal tunnel syndrome, muscle weakness, and atrophy). The comprehensive neurological assessment led to
the neuro diagnosis of concomitant transthyretin amyloidosis polyneuropathy (ATTR-PN). Additionally, the patient
exhibited multiple organs damage including the kidneys, vocal cords, and thyroid glands. If inferred monistically,
these could all be related to amyloidosis.

The patient and his family declined genetic testing, tissue biopsy, and disease-modifying therapy due to economic
constraints and concerns about potential adverse effects of targeted drugs, despite detailed counseling on their benefits
and risks. Management was limited to supportive care (anticoagulation, diuretics, nutritional support). The patient’s
condition progressively declined, and he passed away suddenly at home 7 months post-discharge. Key time points in his
diagnostic and treatment course are summarized in Table 1.

Discussion

ATTR-CM is an underdiagnosed chronic disease, characterized by its insidious onset and lack of specific clinical
manifestations. Due to the limitations of non-invasive diagnostic methods in the past, early diagnosis of this disease is
difficult, resulting in a significant disease burden. Diagnosis delay is an important challenge in disease management of
ATTR-CM, and studies have found that patients with ATTR-CM take an average of 6-8 years from onset to diagnosis.’
While patients with ATTR-CM historically had poor prognosis with median survival time of only 2 to 6 years after
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Table | Timeline of Key Clinical Events and Medical Course of the Patient

Time/Period Key Clinical Events and Medical Course
Circa 2013 Symptom Onset: Developed difficulty urinating and weak urine stream
2018 Gastrointestinal Symptoms: First sought medical attention for diarrhea; colonoscopy showed no abnormalities. Chronic diarrhea

(3-5 times/day), early satiety, abdominal distension, and poor appetite progressed

2019 Endocrine Diagnosis: with cold intolerance and little sweating, Diagnosed with hypothyroidism

Neurological Symptoms: Began experiencing progressive limb weakness (ascending from lower to upper extremities), more
severe on the left side

Past 5 years (2019-2024) Autonomic Symptoms: Recurrent dizziness and syncope (position-related), chronic severe hypotension
2021 Past 3 years (2021-2024) Multi-system Involvement: Intermittent hoarseness (laryngoscopy: pharyngitis and benign nasal polyps);
mildly abnormal renal function (creatinine 128-162 pumol/L)

2022 Neurological Progression: Onset of numbness in all four limbs, described as “walking on cotton”, requiring a walking aid.
Neurologist diagnosed “peripheral neuropathy”.

2022 Cardiovascular Diagnosis: Symptoms: Experienced palpitations, chest tightness, shortness of breath, and intermittent lower limb
edema. Hospitalized and diagnosed with chronic heart failure, atrial flutter, and valvular heart disease. Laboratory Markers: Began
showing chronically mild elevation of cardiac troponin T (cTnT) and persistently high NT-proBNP levels. Imaging: Coronary CTA
indicated mild atherosclerosis

2024.06.03 Current Admission: Admitted for palpitations, shortness of breath, and generalized fatigue lasting one week. Key Investigations &
Diagnosis: ECG showed atrial flutter, etc.; echocardiography demonstrated granular echogenicity and thickening of the
interventricular septum and walls; 99mTc-PYP scintigraphy revealed grade 2—3 myocardial uptake, confirming the diagnosis of
transthyretin amyloid cardiomyopathy (ATTR-CM). Concurrently, musculoskeletal ultrasound suggested carpal tunnel syndrome
and electrophysiology indicated peripheral nerve injury; combined with multi-system manifestations, concomitant ATTR
polyneuropathy (ATTR-PN) was clinically considered

2024.06.10 During hospitalization treatment and discharge: Due to refusal of invasive procedures and targeted therapy by the patient and
family, management included salt restriction, anticoagulation, myocardial and neural support, and symptomatic care. Symptoms
improved and the patient was discharged

2024-2025 Follow-up and Deterioration: Followed via tele-consultation. The patient received no systematic treatment; symptoms

progressively worsened, resulting in being bedbound and fully dependent on care

2025.01 Outcome: Died suddenly at home, seven months after discharge

2025.05.19 Publication/ethics milestone: Written informed consent for publication and use of patient information was obtained from the

patient’s next-of-kin (after the patient’s death)

Notes: This table summarizes the chronological sequence of clinical manifestations, diagnostic evaluations, and therapeutic interventions from the onset of initial symptoms
to the patient’s follow-up and outcome, highlighting the delayed diagnosis of transthyretin amyloid cardiomyopathy (ATTR-CM).

diagnosis, early diagnosis and treatment combined with evolving therapeutic has substantially improved outcomes.
However, those with diagnostic delays and advanced disease continue to have a survival period of less than 2 years.*
Most patients die from cardiovascular causes, including sudden death and heart failure. This patient in the case was
diagnosed 6 years after the onset of symptoms and died less than a year later. The entire diagnostic and treatment process
was full of difficulties. Therefore, it is crucial to enhance clinicians’ awareness of ATTR-CM.

Many countries and institutions have proposed some clinical warning signs, also known as red flags, for cardiac
amyloidosis: (1) Elderly heart failure (LVEF > 40%) with unexplained LVH; (2) Echocardiographic LVH without
electrocardiographic evidence of QRS high voltage; (3) Persistently elevated low-level troponin; (4) Low-gradient, low-
velocity aortic stenosis in the elderly with right ventricular hypertrophy; (5) Hypotension intolerance to angiotensin
system inhibitors and/or beta-blockers; (6) Polyneuropathy (PN), particularly with autonomic dysfunction (unexplained
diarrhea and constipation, orthostatic hypotension, urinary retention, incontinence, etc); (7) Familial PN; (8) Bilateral
carpal tunnel syndrome and/or lumbar spinal stenosis in the elderly; (9) Recurrent bilateral cataracts.”® This patient
exhibited 7 of the above red flag signs. According to the ATTR-CM diagnostic pathway, the monoclonal immunoglobulin
test was performed, and no M protein was found. Both blood and urine free light chain tests were negative, ruling out
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AL-CM. Further, 99mTc-PYP scintigraphy showed an H/CL ratio of 1.55 at 1 hour, with myocardial uptake higher than
bilateral ribs at 3 hours, SQA rating of 2-3, suggesting ATTR-CM.

The gene encoding TTR is located on chromosome 18 and is classified into hereditary/mutant (ATTRm) and wild-
type (ATTRwt) based on the presence or absence of gene mutations. ATTRm is an autosomal dominant genetic disease,
and more than 130 gene mutations are known to cause ATTRm. A study involving 202 Chinese ATTRm patients showed
that the most common gene mutation is Val30Met (19.8%), followed by Ala97Ser (15.8%).” The Val30Met mutation
gene often leads to ATTR-related neuropathy, also known as familial transthyretin amyloid polyneuropathy (ATTR-PN).®
ATTRwt is believed to be caused by age-related misfolding of TTR proteins, and studies have shown that the clinical
symptoms usually appear after the age of 70, also known as senile systemic amyloidosis, and are more prevalent in males
than females. The pathogenesis may be related to abnormal protein oxidation during the aging process. When ATTR
deposits in tissues and organs other than the heart, multi-system manifestations can occur. Common extra-cardiac
manifestations of ATTRm include multiple peripheral sensory-motor neuropathies, presenting as pain and sensory
abnormalities starting from the lower limbs, followed by muscle weakness and motor function impairment, and in
severe cases, inability to walk. Additionally, autonomic nerve involvement, such as sweating disorders, alternating
constipation and diarrhea, weight loss leading to malnutrition, postural hypotension, and urinary retention are also
common. However, symptoms related to neuropathy are relatively rare in ATTRwt patients.” Of note, the prominent
polyneuropathy and autonomic neuropathy with extensive multi-system involvement observed in this patient are unusual
in wild-type ATTR-CM, but are frequently seen in hereditary/variant forms. This clinical phenotype strongly suggests an
underlying TTR gene mutation with potential familial implications. Unfortunately, the patient and his family declined
genetic testing due to concerns about economic constraints.

99mTc-PYP scintigraphy is a non-invasive test that identifies the presence or absence of myocardial amyloid protein
deposition at an early stage, making early diagnosis of ATTR-CM possible. After excluding AL-CM, the specificity and
positive predictive value of 99mTc-PYP imaging for diagnosing ATTR-CM can reach 100%.'® The visual scoring based
on delayed planar imaging (1-3 hours post-injection) can grade by comparing the degree of radiotracer uptake in cardiac
regions to that in ribs. No myocardial uptake is graded as 0, uptake lower than that of bone tissue is graded as 1, equal to
bone tissue as 2, and higher than bone tissue as 3. Additionally, semi-quantitative analysis (SQA) as an image
interpretation method can also be used to diagnose CA. It quantifies the uptake levels in the heart and the contralateral
lung region separately, thereby obtaining the ratio of the two, namely H/CL value, which can serve as an evaluation
parameter for scintigraphy results, with H/CL >1.5 at 1 hour or >1.3 in the 3-hour indicating a positive result. Studies
have found that 2-3 grade myocardial uptake, with showing H/CL >1.5, indicates a high likelihood of ATTR-CM
Patients with cardiac amyloidosis who are negative for blood and urine light chains can be diagnosed with ATTR-CM if
their myocardial scintigraphy score is >2, without the need for endomyocardial biopsy.''"'? In this case, the patient’s
99mTc-PYP scintigraphy results showed an H/CL ratio >1.5, with myocardial uptake graded at 2-3, meeting interna-
tional standards, and negative serum monoclonal immunoglobulin tests, thus confirming the diagnosis of ATTR-CM.

Current therapeutic strategies for ATTR-CM address symptomatic manifestation and disease pathogenesis. While
conventional heart failure therapies manage symptoms and arrhythmias, novel agents focus on targeting amyloid cascade.
Conventional heart failure medications, such as diuretics, neuroendocrine inhibitors, are poorly tolerated in patients with
CA due to hypotension and preload dependence. The use of digoxin should be cautiously and closely monitored rather
than absolutely contraindicated, as it is more likely to bind with amyloid fibril deposits, increasing its blood concentration
and the risk of digoxin toxicity, even sudden death. The most common arrhythmia in CA patients is atrial fibrillation,
with studies indicating that early radiofrequency ablation may be chosen for such patients, while late-stage patients are
not recommended due to a high risk of recurrence. In CA patients with severe conduction block, those meeting the
criteria for pacemaker implantation may undergo pacemaker therapy.'?

The disease-modifying therapies for ATTR-CM mainly target different points in the TTR amyloid protein cascade
reaction, including stabilizers, inhibitors, and degraders, which have been developed or are currently under
investigations.'*'> Tafamidis, as the first approved drug for ATTR-CM, can specifically bind to the TTR tetramer,
preventing the dissociation of the TTR tetramer into unstable monomers, which are prone to aggregate into amyloid
proteins. If Tafamidis is unavailable or unaffordable, the non-steroidal anti-inflammatory drug (NSAID) diflunisal can be
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used as an alternative, stabilizing the TTR tetramer in vitro. However, its clinical application is limited by significant
safety concerns, including gastrointestinal and renal adverse effects, and it is not a straightforward alternative to
Tafamidis. Additionally, the novel stabilizer acoramidis (AG10) has a slightly higher stabilizing efficacy than
Tafamidis, as well as significantly higher efficacy than diflunisal. It has been approved in December 2024 as
the second drug globally for ATTR-CM. TTR inhibitors include small interfering RNA drugs (Patisiran and
Vutrisiran) and antisense oligonucleotide drugs (Inotersen and Eplontersen), which are only approved for peripheral
neuropathy in ATTRm, recent clinical trials have demonstrated significant cardiac benefits of these drugs in ATTR-CM
patients, and vutrisiran has been approved for the treatment of ATTR-CM in some countries. Nexiguran ziclumeran
(Nex-Z, also known as NTLA-2001) is an innovative in vivo CRISPR-Cas9 gene-editing therapy that targets the TTR
coding gene, reducing TTR synthesis at the source and achieving long-term efficacy with a single administration. While
this therapy has shown favorable safety and durable efficacy in early-stage trials, it remains investigational and has not
been approved for clinical use to date. ALXN-2220, a TTR-specific degrader, can target misfolded TTR and clear
amyloid protein deposits, and it has received fast track designation from the FDA for the treatment of ATTR-CM, but it
has not been approved for clinical use to date, and its Phase 3 clinical trial is still ongoing. Furthermore, since the liver
produces most of the TTR, liver transplantation and combined heart-liver transplantation are also treatment options to
inhibit TTR synthesis.'®

Conclusion

ATTR-CM is a systemic disease with multi-system involvement, and early clinical manifestations are non-specific,
leading to missed and misdiagnoses. While untreated or late-diagnosed patients may have poor outcomes, early diagnosis
combined with emerging disease-modifying therapies has substantially improved prognosis. Therefore, it is essential to
raise awareness among clinicians about this condition. Standardized identification and screening in patients with
“warning signs” can help in early diagnosis and treatment processes, thereby improving patient prognosis.
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