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Abstract: Background: Clinically, there is considerable heterogeneity in the presentation of transthyretin
amyloidosis (ATTR), which ranges from primarily cardiac and primarily neurologic to mixed disease,
among other manifestations. Because of this complex presentation, the diagnosis and management of
patients with ATTR are often challenging and should be performed in interdisciplinary centers specialized
in amyloidosis. Here, we aimed to increase awareness of ATTR detection and pathophysiology through a
multidimensional multiorgan approach. Case report: We reported on a 60-year-old man with wild-type
ATTR who underwent a number of both basic and advanced cardiological and neurological investigations
at baseline and after a treatment period with the TTR tetramer stabilizer, tafamidis. Several findings
are provided here, some of which might be considered instrumental correlates of the patient’s clinical
improvement after therapy. Conclusions: Adequate awareness and prompt recognition of ATTR support
early diagnosis and faster access to therapies, thereby slowing the progression and improving the
prognosis. The need for a multidisciplinary alliance between specialists and the opportunity to perform,
at least in selected cases, a set of specific examinations for a detailed assessment of ATTR patients can also
provide valuable insights into the physiopathology and response to therapy of a disease as complex and
intriguing as ATTR.

Keywords: amyloidosis; diagnosis; multidisciplinary; cardiomyopathy; cortical excitability;
cerebral hemodynamics

1. Introduction

Amyloidoses are a wide group of proteotoxic diseases caused by the aggregation of
specific proteins. Transthyretin (TTR) is an amyloidogenic protein in humans. Variant
TTR deposition causes autosomal dominant hereditary TTR amyloidosis (ATTR), whereas
wild-type ATTR (wtATTR) deposition leads to an acquired amyloid-related disease, i.e., the
senile systemic amyloidosis, which typically presents later than the hereditary form [1].

ATTR is still considered a rare disease, although diagnostic progress indicates that
there are many more patients than previously thought. Furthermore, wtATTR is a rela-
tively common aging-related disorder, with postmortem studies indicating that more than
10% of people over the age of 80 may have TTR deposition [2]. While liver transplanta-
tion markedly improves the prognosis in familial amyloid polyneuropathy (FAP), a large
proportion of patients are not suitable transplant candidates because of age or advanced
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disease. In addition, transplantation is not a viable option for familial amyloid cardiomy-
opathy, familial leptomeningeal amyloidosis, and wtATTR [1]. Recently, the molecular
and biochemical pathogenesis of ATTR has been clarified, thus paving the way for novel
disease-modifying treatments. Among them, the TTR tetramer stabilizer tafamidis has been
associated with a lower risk of mortality and heart failure exacerbations in cardiac amy-
loidosis (CA) patients, as shown by several studies, including the ATTR-ACT trial, which
showed a low risk of all-cause death, heart transplant, heart assist device implantation, and
heart failure exacerbations or hospitalizations [3,4]. Although tafamidis cannot stop the
progression of CA, tafamidis is able to slow it in some cases, particularly in the early-stage
cases, and it is associated with reduced deterioration in the left ventricular ejection frac-
tion (LVEF), especially in those with wtATTR. Additionally, studies have highlighted that
tafamidis delays both structural and functional changes in the left ventricle [5,6], which
is also supported by a very recent meta-analysis, indicating no significant LVEF decrease
after treatment with tafamidis [7]. Lastly, long-term data suggest that tafamidis improves
survival and quality of life, with significant benefits in terms of functional capacity [8].

Clinically, there is considerable heterogeneity in the presentation of ATTR, which
ranges from primarily cardiac and primarily neurologic to mixed disease, among other
manifestations (such as ocular, respiratory, gastrointestinal, and renal). Nevertheless, CA
is still an underdiagnosed condition and an underestimated cause of heart failure and
conduction abnormalities [9]. Nowadays, however, recognition of CA has improved,
mainly due to the increased use of cardiac magnetic resonance imaging (MRI) and cardiac
scintigraphy as non-invasive diagnostic tools, providing the early recognition of cardiac
infiltration crucial for optimizing long-term prognosis [9]. Neurologically, typical signs of
ATTR include a rapidly progressive sensory-motor and autonomic neuropathy, with carpal
tunnel syndrome (CTS) often preceding other manifestations [1]. Although symptoms of
progressive cardiomyopathy are usually prominent in the sporadic variant of wtATTR,
neurological assessment of these patients often reveals a concomitant polyneuropathy.

Because of this complex presentation, the diagnosis and management of ATTR should
be performed in interdisciplinary specialized centers. In this case report, we highlighted
the importance of a close inter-specialty interaction to disentangle the complex multiorgan
pathophysiology of this disorder and to determine the best management.

2. Case Report

A 60-year-old right-handed man, working as a teacher, came to our attention in June
2021 because of the onset, in the preceding months, of progressive asthenia, fatigability,
and atypical chest pain. His past medical history included hypertension, dyslipidemia,
right hip arthroplasty in 2005, and diverticulosis diagnosed approximately 20 years earlier,
with periodic inflammation. He practiced regular physical activity and never smoked.
At-home treatment included ranolazine 500 mg bis in die, carvedilol 12.5 mg bis in die,
lysine acetylsalicylate 75 mg, perindopril + indapamide 10 + 12.5 mg, and simvastatin +
ezetimibe 10 + 10 mg.

Since 2013, he experienced episodes of hypoesthesia in the right arm, which led to a
neurological consultation, followed by a brain MRI. Several years later (February 2020),
he started to complain of paresthesia in both hands, which later led to the diagnosis of
bilateral carpal tunnel syndrome (CTS); however, these symptoms did not raise suspicion of
amyloidosis. The initial cardiological manifestations appeared in June 2019; at that time, the
patient underwent an exercise stress test for atypical chest pain, presyncope-like episodes,
fatigue, and dyspnea after intense exercise. The results were doubtful for myocardial
ischemia, and therefore, further investigation was required. The patient underwent coro-
nary angiography, which revealed coronary ectasia and non-hemodynamically significant
stenoses due to atheromatosis in the left coronary artery, left anterior descending artery,
and first marginal branch artery, thus prompting a recommendation for medical therapy.
Concomitantly, an echocardiogram revealed left ventricular hypertrophy with a septal
thickness of 17 mm. However, again, this finding did not induce suspicion of CA, which
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instead was diagnosed (via I.P.M.) at our specialized Cardiological Rare Disease Center
of the Policlinico University Hospital “G. Rodolico-San Marco” of Catania (Italy) approxi-
mately two years after the clinical onset (June 2021). An advanced echocardiographic exam
showed concentric biventricular hypertrophy, normal contractile function (LVEF: 64%),
signs of increased left ventricular filling pressure (E/e’ 11), elevated pulmonary artery
systolic pressure (40 mmHg), and mild pericardial effusion. The global longitudinal strain
was reduced (−15%), with an apical sparing pattern, suggesting amyloid infiltration.

Based on these findings, the patient started a comprehensive diagnostic work-up,
eventually leading to the diagnosis of wtATTR. First, an electrocardiogram (ECG) showed
sinus rhythm, a normal QRS complex, low voltages in peripheral leads, and ST-T-wave
changes in inferior and lateral leads. Cardiac MRI revealed an LVEF of 67%, with normal
kinetics but severe septal hypertrophy (maximal thickness: 22 mm, left ventricular mass
index: 138 g/mq). Post-gadolinium imaging showed diffuse circumferential enhancement,
predominantly subendocardially, with widespread enhancement in both atria, extracellular
volume expansion, and slight pericardial effusion. The 99mTc-HDP bone scintigraphy
displayed grade 2 Perugini uptake, consistent with CA (the Perugini grading scale [10] is a
semi-quantitative method for scoring scintigraphy uptake in CA; grade 2: cardiac uptake
intensity similar to that of rib uptake).

Among other investigations, serum and urine immunofixation were negative, with
a normal free light chain kappa/lambda ratio (kappa: 13.5 mg/L, lambda: 15.7 mg/L,
kappa/lambda ratio: 0.86). Laboratory findings included the N-terminal pro-b-type natri-
uretic peptide (NT-pro-BNP): 574 ng/L; high-sensitivity troponin I: 35 ng/L; creatinine:
1.19 mg/dL. The patient was graded as NYHA (New York Heart Association) IIa, with
a Kansas City Cardiomyopathy Questionnaire score of 80, and classified as Stage 1 in
the Gillmore staging system [11]. Both TTR gene mutation analysis and periumbilical fat
aspiration (July 2021) were negative, thus excluding familial amyloidosis and confirming
wtATTR as the final diagnosis.

Before starting specific treatment with tafamidis, a basic and advanced neurological
assessment was carried out. First, the neurological examination result was normal, except
for hypoexcitable reflexes at the lower limbs and hypoesthesia/paresthesia at the first three
fingers. Then, a detailed study of nerve conduction (including H reflexes and F waves)
was carried out (G.A.V.), which excluded polyneuropathy and detected a bilateral CTS,
more severe on the left side. Needle electromyography, along with neurography data,
showed chronic neurogenic damage compatible with bilateral cervical and lumbosacral
radiculopathies (C5-C6-C7 and L4-L5-S1). The bilateral blink reflex was normal, thus ex-
cluding neuropathy or brainstem dysfunction, and a bilateral cutaneous reflex did not show
signs of autonomic dysfunction. A brain MRI revealed signs of chronic cerebrovascular
disease compatible with a Fazekas grade 1, i.e., periventricular white matter “caps” and
punctuate foci in the deep white matter (the Fazekas scale is used to visually quantify the
amount of white matter T2-weighted hyperintense lesions, usually attributed to chronic
small vessel ischemia [12]), whereas a spine MRI showed multimetameric disk protrusions
along the cervical tract, more severely at the C4–C5 and C5–C6 level. The patient was also
screened by means of the Hamilton Depression Rating Scale (HDRS) and the Montreal
Cognitive Assessment (MoCA): he scored 9 for HDRS (normal values: <7) and 24 for MoCA
(normal values, adjusted for age and education: ≥26), which were compatible with mild
depression and a degree of cognitive impairment (especially for the items probing the
executive functions). Functional independence, indexed by the Activities of Daily Living
(ADL) and the Instrumental ADL scales, was entirely normal.

To provide a more comprehensive neurological assessment, a bilateral study of the
central motor conductivity (G.L.) and central sensory pathways (M.P.) was performed [13],
both before and after therapy, by means of the motor-evoked potentials (MEPs) via tran-
scranial magnetic stimulation (TMS) and the somatosensory evoked potentials (SEPs) via
median nerve stimulation, respectively, as well as an in-depth evaluation of cerebral hemo-
dynamics and vasomotor reactivity (CVR) through transcranial Doppler (TCD) sonography
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with the breath-holding test (a rapid and feasible maneuver for probing CVR) (R.B.). While
basic MEP features (amplitude, latency, and central motor conduction time) were normal,
the profile of cortical excitability [14], as indexed by the resting motor threshold (i.e., the
lowest TMS intensity needed to evoke MEPs in the target muscle at rest when single-pulse
stimuli are applied to the primary motor cortex) and the cortical silent period (i.e., suppres-
sion of the EMG activity evoked by a suprathreshold TMS applied over the contralateral
motor cortex during a sustained voluntary contraction of the target muscle), decreased
bilaterally from 41% to 36% and from 130 ms to 98 ms, respectively, thus hypothesizing a
global pattern of cerebral hypoexcitability at baseline which ameliorated after treatment.
Baseline SEPs showed prolonged central sensory conduction time and reduced amplitude
responses at the upper limbs (probably due to the concomitant CTS), whereas SEPs showed
normal findings after treatment. The TCD examination showed that all velocimetric pa-
rameters recorded from both middle cerebral artery decreased at follow-up, whereas the
pulsatility and resistivity indexes (which are derived from flow parameters in ultrasound
examinations, typically used to assess the resistance in a pulsatile vascular system [15])
tended to increase; no substantial change was noted from the basilar artery, as well as after
the breath-holding test from all the arteries explored.

In October 2021, treatment with tafamidis was started, and the patient’s follow-up
took place after approximately 6 months. The 6-Minute Walk Test improved from 490 m
pre-tafamidis to 537 m in January 2022 and further increased to 600 m in June 2022. A
dynamic ECG (January 2022) showed 46 premature ventricular contractions and 2 runs of
ventricular and supraventricular ectopy. At the one-year follow-up, NT-pro-BNP decreased
to 231 ng/L and troponin I to 20 ng/L, whereas creatinine remained stable at 1.15 mg/dL,
along with the echocardiography findings. Cardiac MRI (June 2022) displayed stable LVEF
(65%), interventricular septum thickness (20 mm), and myocardial mass, with a slight
increase in T2, a median T1 of 1150 ms, and an extracellular volume of 53%. Overall,
the echocardiographic findings were basically unchanged, except for the mild pericardial
effusion, which was no longer evident. Meanwhile, the patient underwent bilateral surgery
for his CTS. However, he still complained of paresthesia in both the upper (especially
at the left fingers) and lower limbs (more at the left ankle), although the neurological
examination remained within the normal limits. The HDRS score was borderline (7),
whereas MoCA improved to a normal value (28). The patient was recently re-visited: he
was still on tafamidis and appeared to be cardiologically stable, with improved effort
tolerance, although symptoms of peripheral nervous system dysfunction persisted.

Informed consent was obtained from the subject involved in the study, which was con-
ducted according to the guidelines of the Declaration of Helsinki of 1964 and later amend-
ments and was approved by the Ethics Committee of the Azienda Ospedaliero-Universitaria
Policlinico “G. Rodolico-San Marco” of Catania, Italy (approval code: 2019/0004003).

3. Discussion

ATTR is a clinically heterogeneous and potentially life-threatening disease that results
from the deposition of insoluble amyloid fibrils in various organs and tissues, especially in
cardiac and neuronal cells, causing progressive loss of function and disability. In this case
report, we aimed to increase the awareness of ATTR detection through a multidimensional
assessment and a multiorgan approach. Accordingly, we showed that adequate awareness
and prompt recognition of ATTR support early diagnosis and faster access to therapies,
thereby slowing the progression and improving the prognosis, as also demonstrated in
other rare disorders characterized by multiorgan involvement [16,17].

Although the importance of a multidisciplinary approach with these patients is well-
known, here we emphasized a “real-world” experience in the diagnosis and management
of amyloidosis. First, we underlined the significant diagnostic delay (of approximately
two years) which occurred before the patient came to our attention. Despite this, we were
still able to successfully intercept him at an early stage; this timing also aligns with the
consensus documents for the initiation of therapy (NYHA IIa, Gillmore Stage 1). Moreover,
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we reported a favorable response in terms of improved cardiac function and stabilization
of the multiorgan progression. This outcome was supported by a detailed diagnostic
cardiological and neurological work-up, as well as laboratory and biopsy exams.

As recently highlighted [18], a delayed diagnosis of CA is a significant issue, often
due to a lack of awareness, misconceptions about diagnosis, the heterogeneity of CA pre-
sentation, and non-specific early symptoms. In this context, the Amyloidosis Expertise
Center Utrecht has implemented an efficacious multidisciplinary clinical pathway: first,
suspected patients are evaluated by a specialized team of cardiologists, hematologists, and
neurologists. Then, they start a comprehensive assessment, including ECG, echocardiog-
raphy, and lab tests (i.e., NT-proBNP, troponin, and estimated glomerular filtration rate,
among others). In the case of clinical suspicion of CA, bone scintigraphy and screening
for monoclonal protein are also performed; endomyocardial biopsy is only performed
when a non-invasive diagnosis of CA cannot be established, whereas genetic screening
and treatment plans are conducted as needed, along with shared decision-making and
management, both based on regular follow-up and interdisciplinary consultations. This
approach has shown promising results in terms of reduced diagnostic delay by an aver-
age time of 6 months and increased patient referral. Notably, the authors showed that
the severity of CA at diagnosis improved, with fewer patients presenting with advanced
disease (i.e., NYHA Class III) [18]. Similarly, Kittleson et al. [19] highlighted the diagnostic
challenges of the ATTR, with many patients experiencing delays and consulting several
physicians before receiving the correct diagnosis. This is often attributed to symptoms
overlapping with other disorders and pleiomorphic clinical presentations, including mus-
culoskeletal, neurological, gastrointestinal, ocular, and renal manifestations. Both studies
underscore the need for a multidisciplinary collaboration, which involves, among others,
the interpretation of monoclonal light chain tests, bone scintigraphy scans, and specific
biopsies.

Until recently, in fact, ATTR was mainly considered a neurologic disease since pe-
ripheral neuropathic symptoms tended to predominate, especially in patients described
in early reports (although, in the present case, peripheral polyneuropathy was excluded,
both clinically and neurophysiologically). On the other hand, however, recent advances
in diagnostic techniques and increased recognition have revealed the presence of patients
with cardiomyopathy as a predominant feature; for this reason, ATTR is now primarily
considered a cardiological disease. Nevertheless, recent studies have suggested that some
patients with wtATTR have presented tenosynovial tissue complications as the initial mani-
festation, particularly CTS not otherwise explained [20,21] (as in the present report), thus
also requiring awareness among orthopedists. Notwithstanding the limitations related to
the single-case report design, however, the objective of this report was not to provide a
reminder that sometimes “the third party enjoys between the two litigants” but to stress the
need for a multidisciplinary alliance between specialists and the opportunity to perform,
at least in selected cases, a set of specific examinations for a detailed assessment of ATTR.
Results from this report might indeed disclose hints towards a better understanding of the
neurological involvement in ATTR, including changes in the profile of cortical excitability
and cerebral hemodynamics, which seems to be positively influenced by the TTR tetramer
stabilizer. In larger samples, this approach can provide more robust insights into the
physiopathology and response to therapy.

Interestingly, the CTS-related symptoms did not raise suspicion of amyloidosis; con-
versely, the cardiac features led to the performance of a cardiac MRI, which eventually
confirmed the suspicion of CA. In this context, it is worth noting that the “red flags” from
both the position statement of the European Society of Cardiology (ESC) Working Group
on Myocardial and Pericardial Diseases [22] and the ESC 2023 guidelines on cardiomy-
opathies [23] are predominantly cardiological, except for the CTS. Based on the AHA/ACC
as a reference document, hip arthroplasty and fatigue have been added to the list. Thus, in
the present case, it can be stated that cardiac symptoms led to the suspicion of amyloidosis
and the referral to a specialized center, while the non-cardiac features went unnoticed
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over the years. Table 1 lists the “red flags” identified in the literature compared to those
observed in our patient, whereas Figure 1 shows a flowchart summarizing the ESC 2023
guidelines for cardiomyopathies, especially focusing on CA [18,19,22,23].
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Figure 1. Flowchart summarizing the 2023 guidelines of the European Society of Cardiology (ESC)
for cardiomyopathies, especially focusing on cardiac amyloidosis. Abbreviations: CA, cardiac
amyloidosis; BP, blood pressure; HS, high sensitivity; NT-proBNP, N-terminal pro-b-type natriuretic
peptide; ECG, electrocardiogram; echo, echocardiogram; CMR, cardiac magnetic resonance; LVH,
left ventricular hypertrophy; GLS, global longitudinal strain; LABS, laboratory exams; AF, atrial
fibrillation; VT, ventricular tachycardia; AL-CM, amyloid monoclonal immunoglobulin light chain
cardiomyopathy; FLC, free-light chains; IFE, immunofixation electrophoresis; SPECT, single-photon
emission computed tomography; ATTR-CM, transtiretin amyloid cardiomyopathy; NP, neuropathy;
TTR, transthyretin; NYHA; New York Heart Association; wt, wild type; v, variant; GDMT, guideline-
directed medical therapy; ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization
therapy; VAD, ventricular assistance device; HTx, heart transplantation.
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Table 1. Red flags for cardiac amyloidosis according to the European Society of Cardiology (ESC)
2023 guidelines for the management of cardiomyopathies compared to the findings observed in
this study.

Red Flags for Cardiac Amyloidosis According to the ESC 2023 Guidelines for the
Management of Cardiomyopathies

Red Flags Observed in This Patient

Left ventricular wall thickness ≥ 12 mm, + at least one of the following:
Heart failure in ≥65 years old
Aortic stenosis in ≥65 years old
Hypotension or normotensive if previously hypertensive
Sensory involvement, autonomic dysfunction 4
Peripheral polyneuropathy
Proteinuria
Skin bruising
Ruptured biceps tendon
Bilateral carpal tunnel syndrome 4
Subendocardial/transmural late gadolinium enhancement or increased extracellular volume 4
Reduced longitudinal strain with apical sparing 4
Decreased QRS voltage-to-mass ratio 4
Pseudo Q waves on electrocardiogram
Atrio-ventricular conduction disease
Possible family history of transthyretin amyloidosis
Chronically increased troponin levels (persistent low-level troponin elevation) 4
Known multiple myeloma or monoclonal gammopathy of undetermined significance

In conclusion, the case reported here reinforces the concept that, despite the severity
of the disease and the risk of complications, an early and multidisciplinary diagnosis and
treatment may lead to the maintenance of a normal daily life and an optimal quality of
life. Moreover, we emphasize the importance of both cardiac and extracardiac manifes-
tations of amyloidosis and the need for coordination and cooperation among all of the
specialists involved in patient care. Further research is needed, and some unanswered
questions still remain, particularly concerning equitable care and the full potential of such
interdisciplinary collaboration, especially in the management of complex or doubtful cases.

Author Contributions: Conceptualization, G.L. and I.P.M.; methodology, M.P. and F.C.; software,
G.A.V.; validation, G.L. and R.B.; formal analysis, G.A.V.; investigation, M.P. and F.F.; resources, I.P.M.;
data curation, D.C.F. and R.B.; writing—original draft preparation, G.L. and G.A.V.; writing—review
and editing, D.C.F., F.F. and F.C.; visualization, M.P.; supervision, R.B.; project administration, I.P.M.
All authors contributed substantially to the work reported. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the University of Catania, University Research Incentive Plan
“PIACERI 2020–2022”, project title “FAMOUS-UNICT”, UPB: 5C722012125.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the Azienda Ospedaliero-
Universitaria Policlinico “G. Rodolico-San Marco” of Catania, Italy (approval code: 2019/0004003
and 16 July 2019 of approval).

Informed Consent Statement: Informed consent was obtained from the subject involved in this study.

Data Availability Statement: Data presented in this study are available within the article.

Acknowledgments: We would like to thank the patient for his kindness and cooperation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sekijima, Y. Transthyretin (ATTR) Amyloidosis: Clinical Spectrum, Molecular Pathogenesis and Disease-Modifying Treatments. J.

Neurol. Neurosurg. Psychiatry 2015, 86, 1036–1043. [CrossRef] [PubMed]
2. Ueda, M.; Horibata, Y.; Shono, M.; Misumi, Y.; Oshima, T.; Su, Y.; Tasaki, M.; Shinriki, S.; Kawahara, S.; Jono, H.; et al.

Clinicopathological Features of Senile Systemic Amyloidosis: An Ante- and Post-Mortem Study. Mod. Pathol. 2011, 24, 1533–1544.
[CrossRef] [PubMed]

https://doi.org/10.1136/jnnp-2014-308724
https://www.ncbi.nlm.nih.gov/pubmed/25604431
https://doi.org/10.1038/modpathol.2011.117
https://www.ncbi.nlm.nih.gov/pubmed/21822203


Life 2023, 13, 2305 8 of 9

3. Coelho, T.; Maia, L.F.; Martins da Silva, A.; Waddington Cruz, M.; Planté-Bordeneuve, V.; Lozeron, P.; Suhr, O.B.; Campistol,
J.M.; Conceição, I.M.; Schmidt, H.H.-J.; et al. Tafamidis for Transthyretin Familial Amyloid Polyneuropathy: A Randomized,
Controlled Trial. Neurology 2012, 79, 785–792. [CrossRef] [PubMed]

4. Maurer, M.S.; Schwartz, J.H.; Gundapaneni, B.; Elliott, P.M.; Merlini, G.; Waddington-Cruz, M.; Kristen, A.V.; Grogan, M.; Witteles,
R.; Damy, T.; et al. Tafamidis Treatment for Patients with Transthyretin Amyloid Cardiomyopathy. N. Engl. J. Med. 2018, 379,
1007–1016. [CrossRef] [PubMed]

5. Rettl, R.; Duca, F.; Binder, C.; Dachs, T.-M.; Cherouny, B.; Camuz Ligios, L.; Mann, C.; Schrutka, L.; Dalos, D.; Charwat-Resl, S.;
et al. Impact of Tafamidis on Myocardial Strain in Transthyretin Amyloid Cardiomyopathy. Amyloid 2023, 30, 127–137. [CrossRef]
[PubMed]

6. Ichikawa, Y.; Oota, E.; Odajima, S.; Kintsu, M.; Todo, S.; Takeuchi, K.; Yamauchi, Y.; Shiraki, H.; Yamashita, K.; Fukuda, T.; et al.
Impact of Tafamidis on Echocardiographic Cardiac Function of Patients with Transthyretin Cardiac Amyloidosis. Circ. J. 2023, 87,
508–516. [CrossRef] [PubMed]

7. Wang, J.; Chen, H.; Tang, Z.; Zhang, J.; Xu, Y.; Wan, K.; Hussain, K.; Gkoutos, G.V.; Han, Y.; Chen, Y. Tafamidis Treatment in
Patients with Transthyretin Amyloid Cardiomyopathy: A Systematic Review and Meta-Analysis. eClinicalMedicine 2023, 63,
102172. [CrossRef] [PubMed]

8. Elliott, P.; Drachman, B.M.; Gottlieb, S.S.; Hoffman, J.E.; Hummel, S.L.; Lenihan, D.J.; Ebede, B.; Gundapaneni, B.; Li, B.; Sultan,
M.B.; et al. Long-Term Survival with Tafamidis in Patients with Transthyretin Amyloid Cardiomyopathy. Circ. Heart Fail. 2022,
15, e008193. [CrossRef]

9. Obi, C.A.; Mostertz, W.C.; Griffin, J.M.; Judge, D.P. ATTR Epidemiology, Genetics, and Prognostic Factors. Methodist Debakey
Cardiovasc. J. 2022, 18, 17–26. [CrossRef]

10. Perugini, E.; Guidalotti, P.L.; Salvi, F.; Cooke, R.M.T.; Pettinato, C.; Riva, L.; Leone, O.; Farsad, M.; Ciliberti, P.; Bacchi-Reggiani, L.;
et al. Noninvasive Etiologic Diagnosis of Cardiac Amyloidosis Using 99mTc-3,3-Diphosphono-1,2-Propanodicarboxylic Acid
Scintigraphy. J. Am. Coll. Cardiol. 2005, 46, 1076–1084. [CrossRef]

11. Gillmore, J.D.; Damy, T.; Fontana, M.; Hutchinson, M.; Lachmann, H.J.; Martinez-Naharro, A.; Quarta, C.C.; Rezk, T.; Whelan,
C.J.; Gonzalez-Lopez, E.; et al. A New Staging System for Cardiac Transthyretin Amyloidosis. Eur. Heart J. 2018, 39, 2799–2806.
[CrossRef] [PubMed]

12. Kim, K.W.; MacFall, J.R.; Payne, M.E. Classification of White Matter Lesions on Magnetic Resonance Imaging in Elderly Persons.
Biol. Psychiatry 2008, 64, 273–280. [CrossRef] [PubMed]

13. Pennisi, G.; Bella, R.; Lanza, G. Motor Cortex Plasticity in Subcortical Ischemic Vascular Dementia: What Can TMS Say? Clin.
Neurophysiol. 2015, 126, 851–852. [CrossRef] [PubMed]

14. Rossini, P.M.; Burke, D.; Chen, R.; Cohen, L.G.; Daskalakis, Z.; Di Iorio, R.; Di Lazzaro, V.; Ferreri, F.; Fitzgerald, P.B.; George,
M.S.; et al. Non-Invasive Electrical and Magnetic Stimulation of the Brain, Spinal Cord, Roots and Peripheral Nerves: Basic
Principles and Procedures for Routine Clinical and Research Application. An Updated Report from an I.F.C.N. Committee. Clin.
Neurophysiol. 2015, 126, 1071–1107. [CrossRef]

15. Boote, E.J. AAPM/RSNA Physics Tutorial for Residents: Topics in US: Doppler US Techniques: Concepts of Blood Flow Detection
and Flow Dynamics. Radiographics 2003, 23, 1315–1327. [CrossRef]

16. Veroux, M.; Monte, I.P.; Rodolico, M.S.; Corona, D.; Bella, R.; Basile, A.; Palmucci, S.; Pistorio, M.L.; Lanza, G.; De Pasquale, C.;
et al. Screening for Fabry Disease in Kidney Transplant Recipients: Experience of a Multidisciplinary Team. Biomedicines 2020,
8, 396. [CrossRef]

17. Monte, M.A.; Veroux, M.; Rodolico, M.S.; Losi, V.; Di Pino, L.; Bella, R.; Lanza, G.; Monte, I.P. Fabry’s Disease: The Utility of a
Multidisciplinary Screening Approach. Life 2022, 12, 623. [CrossRef]

18. Brons, M.; Muller, S.A.; Rutten, F.H.; van der Meer, M.G.; Vrancken, A.F.J.E.; Minnema, M.C.; Baas, A.F.; Asselbergs, F.W.;
Oerlemans, M.I.F.J. Evaluation of the Cardiac Amyloidosis Clinical Pathway Implementation: A Real-World Experience. Eur.
Heart J. Open 2022, 2, oeac011. [CrossRef]

19. Writing Committee; Kittleson, M.M.; Ruberg, F.L.; Ambardekar, A.V.; Brannagan, T.H.; Cheng, R.K.; Clarke, J.O.; Dember, L.M.;
Frantz, J.G.; Hershberger, R.E.; et al. 2023 ACC Expert Consensus Decision Pathway on Comprehensive Multidisciplinary Care
for the Patient with Cardiac Amyloidosis: A Report of the American College of Cardiology Solution Set Oversight Committee. J.
Am. Coll. Cardiol. 2023, 81, 1076–1126. [CrossRef]

20. Koike, H.; Okumura, T.; Murohara, T.; Katsuno, M. Multidisciplinary Approaches for Transthyretin Amyloidosis. Cardiol. Ther.
2021, 10, 289–311. [CrossRef]

21. Nativi-Nicolau, J.N.; Karam, C.; Khella, S.; Maurer, M.S. Screening for ATTR Amyloidosis in the Clinic: Overlapping Disorders,
Misdiagnosis, and Multiorgan Awareness. Heart Fail. Rev. 2022, 27, 785–793. [CrossRef] [PubMed]

https://doi.org/10.1212/WNL.0b013e3182661eb1
https://www.ncbi.nlm.nih.gov/pubmed/22843282
https://doi.org/10.1056/NEJMoa1805689
https://www.ncbi.nlm.nih.gov/pubmed/30145929
https://doi.org/10.1080/13506129.2022.2131385
https://www.ncbi.nlm.nih.gov/pubmed/36251806
https://doi.org/10.1253/circj.CJ-22-0683
https://www.ncbi.nlm.nih.gov/pubmed/36878601
https://doi.org/10.1016/j.eclinm.2023.102172
https://www.ncbi.nlm.nih.gov/pubmed/37662524
https://doi.org/10.1161/CIRCHEARTFAILURE.120.008193
https://doi.org/10.14797/mdcvj.1066
https://doi.org/10.1016/j.jacc.2005.05.073
https://doi.org/10.1093/eurheartj/ehx589
https://www.ncbi.nlm.nih.gov/pubmed/29048471
https://doi.org/10.1016/j.biopsych.2008.03.024
https://www.ncbi.nlm.nih.gov/pubmed/18471801
https://doi.org/10.1016/j.clinph.2014.09.001
https://www.ncbi.nlm.nih.gov/pubmed/25270240
https://doi.org/10.1016/j.clinph.2015.02.001
https://doi.org/10.1148/rg.235035080
https://doi.org/10.3390/biomedicines8100396
https://doi.org/10.3390/life12050623
https://doi.org/10.1093/ehjopen/oeac011
https://doi.org/10.1016/j.jacc.2022.11.022
https://doi.org/10.1007/s40119-021-00222-w
https://doi.org/10.1007/s10741-021-10080-2
https://www.ncbi.nlm.nih.gov/pubmed/33609196


Life 2023, 13, 2305 9 of 9

22. Garcia-Pavia, P.; Rapezzi, C.; Adler, Y.; Arad, M.; Basso, C.; Brucato, A.; Burazor, I.; Caforio, A.L.P.; Damy, T.; Eriksson, U.; et al.
Diagnosis and Treatment of Cardiac Amyloidosis. A Position Statement of the European Society of Cardiology Working Group
on Myocardial and Pericardial Diseases. Eur. J. Heart Fail. 2021, 23, 512–526. [CrossRef] [PubMed]

23. Arbelo, E.; Protonotarios, A.; Gimeno, J.R.; Arbustini, E.; Barriales-Villa, R.; Basso, C.; Bezzina, C.R.; Biagini, E.; Blom, N.A.; de
Boer, R.A.; et al. 2023 ESC Guidelines for the Management of Cardiomyopathies. Eur. Heart J. 2023, 44, 3503–3626. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ejhf.2140
https://www.ncbi.nlm.nih.gov/pubmed/33826207
https://doi.org/10.1093/eurheartj/ehad194
https://www.ncbi.nlm.nih.gov/pubmed/37622657

	Introduction 
	Case Report 
	Discussion 
	References

