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ARTICLE INFO ABSTRACT

Keywords: Background: Amyloid deposition in tenosynovial structures precedes cardiac involvement up to 20 years.
Cardiac amyloidosis Therefore, a cardiological screening in patients with a history of tenosynovial manifestations of cardiac
ECG

amyloidosis (CA) could lead to an increased number of early diagnoses.

Methods: Patients with tenosynovial manifestations of CA (carpal tunnel syndrome, atraumatic biceps tendon
rupture, lumbar spinal stenosis) have been identified by general practitioners and evaluated in a Referral Center
for CA. Patients with a high suspicion of CA underwent the CA diagnostic pathway.

Results: Among 50 General Practitioners (GP) contacted, 10 (20%) agreed to participate in the study for a total of
5615 patients >60 years. One hundred forty-five patients met the inclusion criteria, 2 of them already had a
diagnosis of CA, and 57 agreed to undergo a cardiological evaluation (electrocardiography, echocardiography,
NTproBNP assay). The median age was 73 [67-80] years and 31 (54%) were women. Eight patients were sug-
gested to start the CA diagnostic pathway, five of them underwent a complete diagnostic evaluation for CA, three
refused to complete the diagnostic exams and no new diagnoses were made.

Conclusion: A screening program for CA in patients with tenosynovial manifestations identified by general
practitioners is feasible, but may not yield a high rate of new diagnosis. In this study, we identified two patients
who already had a diagnosis of CA, and among patients at high risk for CA, 37% refused to complete the
diagnostic pathway. Increased awareness of CA among patients might increase participation and diagnostic yield
in screening studies. Further validation of this protocol is needed to evaluate its diagnostic performance.

Light chain amyloidosis
Transthyretin amyloidosis

1. Introduction

Transthyretin cardiac amyloidosis (ATTR-CA) is a progressive dis-
ease characterized by myocardial accumulation of transthyretin amyloid
fibrils [1]. The propensity to develop transthyretin aggregates may be
genetically determined or related to senescence. Up to 20 years before
the cardiomyopathy diagnosis, amyloid fibrils may deposit in tendons,
leading to the development of carpal tunnel syndrome, biceps tendon
rupture, trigger finger and lumbar spinal stenosis (LSS) [2]. Therefore,
the presence of tenosynovial manifestations could potentially identify

early cases of ATTR-CA, which might benefit the most from disease-
modifying therapies [3].

In this study, we developed a screening protocol including the
identification of potential patients with ATTR-CA from General practi-
tioners based on tenosynovial manifestations, followed by a cardiolog-
ical evaluation in an Amyloidosis Referral Center.

2. Methods

The study was conducted from April 2021 to February 2023, and the
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protocol was approved by two ethics committees (Area Vasta Centro
Ethics Committee, protocol number 16386 and Azienda Usl Toscana Sud
Est Ethics Committee, protocol number 19463_oss). The patients were
enrolled by general practitioners (GP) who agreed to participate in the
study. GPs have been updated on ATTR-CA clinical characteristics,
diagnostic pathways and therapeutic options and informed about the
protocol through a series of conferences held by the authors (V.A., F.C.,
M.P).

Patients were enrolled in the presence of one of the following in-
clusion criteria:

- Bilateral carpal tunnel syndrome (CTS) (diagnosis by electromyog-
raphy or previous CTS decompression surgery),

- Unilateral CTS, but relapsed after previous surgery

- Unilateral CTS and LSS (clinical diagnosis or by Nuclear Magnetic
Resonance Imaging or previous surgery),

- Unilateral CTS and atraumatic biceps tendon rupture (diagnosed by
Popeye's sign),

- Unilateral CTS/ atraumatic biceps tendon rupture/LSS and heart
failure with preserved ejection fraction (EF > 50%).

Patients younger than 60 years and unable to provide informed
consent were excluded.

Patients meeting the inclusion criteria were offered a cardiological
evaluation at the Tuscan Regional Referral Center for Amyloidosis
(clinical data collection, physical examination, ECG and echocardiog-
raphy), and, in presence of at least one “red flag” for CA (left ventricular
hypertrophy, increased right ventricular wall thickness, increased valve
thickness, pericardial effusion, pseudoinfarct pattern, low/decreased
QRS voltage to degree of LV thickness [1]), the diagnostic pathway for
CA amyloidosis was proposed [1].

3. Results

The study protocol was presented to the GPs in our area (n = 50), and
10 of them agreed to participate in the study, resulting in a 20%
acceptance rate. Among the GP's patients, 5615 subjects >60 years have
been identified. (Fig. 1).

Medical records were reviewed by an author (VA) (Millewin and
Milleutilita softwares), and 145 patients met the inclusion criteria.

Two patients had already a diagnosis of ATTR-CA, one had bilateral
CTS and the other had bilateral CTS and biceps tendon rupture (BTR).
One hundred forty-three patients were contacted by telephone and
offered a cardiological screening, and 69 (49%) accepted it.

Twelve patients underwent a cardiological evaluation in the previous
6 months and showed no signs suggestive of CA, and eventually, 57
patients underwent a cardiological evaluation.

The median age of the population was 73 [67-80] years and 31
(54%) were women (Table 1).

Forty-nine patients (85%) had bilateral CTS, 5 (9%) had relapsed
unilateral CTS, 8 (14%) had unilateral CTS and BTR, 3 (5%) had uni-
lateral CTS and spinal stenosis, 1 (2%) had spinal stenosis and heart
failure with preserved ejection fraction (HFpEF), 2 (4%) had unilateral
CTS and HFpEF.

The median time between diagnosis of CTS and enrollment was 8
[6-12] years. Out of 57 patients evaluated, 8 patients had red flags for
CA and were proposed a full diagnostic pathway.

The amyloidosis diagnostic pathway was started in 8 (14%) patients
(Table 2):

- Five patients (1, 5, 36, 45, 55) had a negative Tc-99 m labelled bone
scintigraphy, without monoclonal component on blood and urine
tests.

- One patient (24) refused to perform the Tc-99 m labelled bone
scintigraphy, and did not present a monoclonal component on blood
and urine tests.
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5615 patients > 60 years

145 met the inclusion criteria

| 2already had a diagnosis of ATTR-CA

143 patients were enrolled

{12 had a cardiological evaluation in the
previous 6 months

| 74 refused the cardiological evaluation

57 patients underwent a
cardiological evaluation

8 patients underwent the
diagnostic pathway for CA

None had CA

Fig. 1. Flow chart of the study.

- One patient (34) had a high suspicion of CA with the following red
flags: CTS, BTR, HFpEF, atrial fibrillation, PM implantation, left
ventricular hypertrophy. She didn't present a monoclonal gammop-
athy but refused to perform the Tc-99 m labelled bone scintigraphy.

- One patient (46) with bilateral CTS and severe LVH refused to
perform further tests.

In this population, no patient received a new diagnosis of ATTR-CA.
Considering the two patients already diagnosed, a possibly under-
estimated prevalence of ATTR-CA in patients with tenosynovial mani-
festations identified by GPs was 1.37% (CI 0.16%—4.8%).

4. Discussion

In this study, in presence of typical tenosynovial manifestations of
CA such as bilateral CTS or unilateral CTS associated with other “red
flags™ for CA (recurrent CTS, LSS, biceps tendon rupture), patients were
offered a standard cardiological evaluation including ECG and echo-
cardiography in an Amyloidosis Referral center and, in case of suspicion
of CA, the amyloidosis-specific diagnostic pathway was initiated.

Using this approach, 2 patients identified already had a CA diagnosis,
8 patients were suspected of CA, 5 didn't receive a diagnosis and 3
refused to complete the diagnostic pathway with scintigraphy. There-
fore, we didn't make new diagnoses with a possibly underestimated
prevalence of CA in this population of 1.37% (CI 0.16-4.8%).

The novelty of this study includes the close collaboration between
general practitioners and cardiologists. Indeed, GPs may identify the
clinical red flags to recognize patients with early ATTR-CA, which might
benefit the most from disease-modifying therapies [3]. Similar experi-
ences have been performed. Leveraging the Danish national registry,
patients who underwent a 5-15 years earlier surgery for bilateral CTS
between 60 and 85 years were invited to be screened for CA through
echocardiography, °™technetium-pyrophosphate scintigraphy and
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Table 1 Table 1 (continued)
Baseline characteristics of the study population. Variables Overall (n Not Evaluated »
Variables Overall (n Not Evaluated P =57) evaluated (n=28) value
=57) evaluated (n=28) value (n = 49)
(=149 Echocardiography
Women, n (%) 31 (54) 29 (59) 2 (25%) 0.15 Interventricular septum, 11.00 10.00 13 [12,13] <0.01
Age, Median [IQR] 73.00 71.00 82.50 [76,  0.021 Median [IQR] [10.00, [10.00,
[67.00, [66.00, 86] 12.00] 11.75]
80.00] 79.00] Posterior wall, Median 10.00 9.00 [8.00, 11.50 <0.01
Systolic blood pressure, 145.00 150.00 135.00 0.13 [IQR] [8.00, 10.00] [11.00,

mmHg Median [IQR] [130.00, [130.00, [120.00, 11.00] 12.75]

156.00] 160.00] 145.00] End diastolic diameter, 46.00 46.00 50.00 0.82
Heart rate, bpm, Median 70.00 73.00 66.50 0.31 Median [IQR] [42.00, [42.00, [41.00,

[IQR] [64.50, [64.00, [63.75, 50.50] 50.00] 51.00]

75.50] 80.00] 71.25] Left atrial diameter, 36.50 35.50 42 [40-46] 0.004
BSA, m2, Median [IQR] 1.80[1.60,  1.70 [1.60, 2.02 [1.90, 0.02 Median [IQR] [33.25, [33.25,

2.00] 1.95] 2.15] 40.75] 39.75]
Years between evaluation 8.11[6.26, 8.11 [6.26, NA NA Aortic root, Median [IQR] 33.00 32.00 35.50 0.04

and CTS diagnosis, 12.33] 12.33] [30.00, [30.00, [34.00,

Median [IQR] 35.00] 34.00] 35.25]

Occupational risk of CTS,n 16 (28) 15 (31) 1(12) 0.52 Ascendent aorta, Median 34.00 34.00 36.00 0.102

(%) [IQR] [31.00, [31.00, 36] [34.00,

37.00] 39.00]
. L End diastolic volume, 83.00 82.00 100.00 [76, 0.443
Inclusion criteria Median [IQR] [74.00, [73.00, 112]
Bilateral CTS, n (%) 49 (85) 42 (86) 7 (88%) 1.00 97.50] 93.00]
Relapsed unilateral CTS,n 5 (9) 4(®) 142 1.00 End systolic volume, 32.00 32.00 34.00 0.468
(%) Median [IQR] [25.00, [25.00, [27.00,
Unilateral CTS + BTR, n 8 (14) 7 (14) 1(12) 1.00 39.00] 38.00] 40.00]

(%) Ejection fraction, Median ~ 60.00 60.00 60 [58.00,  0.86
Unilateral CTS + spinal 3(5) 3(6) 0(0) 1.00 [IQR] [56.00, [55.00, 60.00]

stenosis, n (%) 63.00] 63.00]

Spinal stenosis+ HFpEF, n 1 (2) 13 00 0.77 Left atrial volume, 56.00 52.00 69.00 [67,  0.002

(%) Median [IQR] [40.00, [38.00, 85]

Unilateral CTS + HFpEF,n 2 (4) 1(2) 1(12) 0.64 67.00] 63.00]
(*0) Left atrial volume indexed, ~ 30.00 28.05 37 [36,40]  0.002
Median [IQR] [23.30, [22.04,
Clinical characteristics 35.39] 32.08]
Bilateral BTR, n (%) 4(7) 3(6) 1(12) 1.00 TAPSE, Median [IQR] 23.00 23.00 22.00 0.62
Hypertension, n (%) 33 (58) 26 (53) 7 (87) 0.14 [20.00, [20.00, [20.00,
Diabetes, n (%) 10 (18) 10 (20) 0(0) 0.36 25.00] 25.00] 23.00]
Hypercholesterolemia, n 27 (47) 21 (45) 5 (62) 0.58 Inferior vena cava, Median ~ 14.00 14.00 14 [12.00, 0.57
(%) [IQR] [11.50, [10.00, 15]
Active smoke, n (%) 10 (17) 10 (20) 0(0) 0.36 15.00] 15.00]
Former smoke, n (%) 27 (47) 21 (43) 6 (75) 0.19 Diastolic dysfunction, n 0.37
Coronary artery disease, n 4(7) 3 (6) 1(1) 1.00 (%)
(%) 0 19(333)  18(36) 1(12.0)
Atrial fibrillation, n (%) 4 (7) 1(2) 3(37) 0.004 1 34(59.6)  28(57.4) 6 (75.0)
Chronic kidney disease, n 3(0) 2(4) 1(12) 0.89 2 4(7.0) 3(6) 1(12.0)

(%) E/A ratio, Median [IQR] 0.76 [0.70, 0.78 [0.70, 0.65 [0.56, 0.12
Previous HF 2(3.4) 12 1(12) 0.64 0.90] 0.90] 0.78]

hospitalizations, n (%) Lateral e’, Median [IQR] 9.00 [7.00, 9.00 [7.00, 8 [6,13] 0.94
Previous Syncopal episode, 3 (5) 3(6) 0(0) 1.00 10.50] 10.00]

n (%) Septal e’, Median [IQR] 7.00 [6.00, 7.00 [6.00, 6.00 [5.26, 0.18
Pacemaker implantation, 3 (5) 0 (0) 3(37) <0.01 8.00] 8.00] 6]

n (%) Pulmonary arterial systolic ~ 25.00 25.00 27 [25.00, 0.231
Previous neoplasia, n (%) 9 (16) 8 (16) 1(12) 1.00 pressure, Median [IQR] [23.00, [21.75, 32]

Active neoplasia, n (%) 24 24 0(0) 1.00 28.00] 27.00]

MGUS, n (%) 2(4) 12 1(12) 0.64 Mitral regurgitation, n (%) 0.15
Previous TIA/stroke, n (%) 3 (5) 2(4) 1(12) 0.89 0 31544  29(59.2) 2250

Cognitive impairement, n 24 2(4) 0(0) 1.00 1 25 (43.9) 19 (38) 6 (75.0)

(%) 2 1(1.8) 1(2.0) 0(0.0)

Aortic regurgitation, n (%) 0.07
0 41 (71.9) 35(71) 6 (75.0)
Electrocardiography 1 14 (24.6) 13 (26) 1(12)
Atrial fibrillation, n (%) 4(7.0) 1(2.1) 3(37.0) 0.04 2 1(1.8) 1(2) 0 (0.0)
1° degree AV block, n (%) 5(8.8) 4 (8.5) 1(12) 1.000 3 1(1.8) 0 (0.0) 1(12)
Right bundle branch block, 4 (7.0) 24 2(25.0) 0.16 Tricuspid regurgitation, n <0.01

n (%) (%)

Left bundle branch block, n 1(1.8) 1(2) 0 (0.0) 1.000 0 41 (71.9) 40 (82) 1(12)

(%) 1 14 (24.6) 8 (17.0) 6 (60.0)
Left Anterior Fascicular 10 (17.5) 7 (14.3) 3(37.5) 0.27 2 2 (3.5) 12.1) 1(10.0)

Block, n (%) Mild aortic stenosis, n (%) 2 (3.5) 2(4.1) 0 (0.0) 1.000
Pacemaker, n (%) 1(1.8) 0(0.0) 1(12) 0.29 Pericardial effusion, n (%) 1 (2) 0(0) 1(12) 0.29
Low voltage pattern, n (%) 6 (10.5) 4(8) 2(25.0) 0.414 NTproBNP, Median 105.00 77.50 470 [314, <0.01
Pseudonecrosis, n (%) 1(1.8) 0 (0.0) 1(2) 0.29 [IQR] [45.25, [43.25, 610]

249.25] 1601

CT: carpal tunnel syndrome, BTR: biceps tendon rupture.
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Table 2
Characteristics of the patients that were suggested to perform a complete
diagnostic evaluation for Cardiac amyloidosis.

Patient Inclusion Red flags Results 2024 FU
Criteria
1, LM, Bilateral Low voltage Negative Lost to FU
male, CTS pattern scintigraphy
77 yo Bilateral LVH Negative CMR
BTR AL excluded
5, CL, Bilateral LVH Negative CMR Alive, negative
male, CTS Refused to cardiological FU
80 yo perform
scintigraphy
AL excluded
24, SR, Bilateral PM Refused Dead Dec 2023
male CTS implantation scintigraphy due to COVID-19
88 Unilateral LVH AL excluded infection
BTR
34, AF, Unilateral AF Refused to Alive, femoral
female, CTS PM perform fracture
87 yo HFpEF implantation further exams

Unilateral LVH

BTR Previous
stroke
36, MS, Bilateral LVH Negative Alive, normal
male, CTS scintigraphy further
60 yo AL excluded cardiological
evaluations
45, ML, Bilateral AF Negative Alive, normal
male, CTS LVH scintigraphy further
84 yo AL excluded cardiological
evaluations
46, CL, Bilateral LVH (IVS 17 Refused to Alive
female, CTS mm) perform
86 yo HFpEF further exams
Previous PM
implantation
55, SR, Bilateral Severe LVH Negative Lost to FU
male, CTS AF scintigraphy
72 yo Low voltage AL excluded
pattern

CTS: carpal tunnel syndrome, BTR: biceps tendon rupture, MGUS: monoclonal
gammopathy of unknown significance, LVH: left ventricular hypertrophy>12
mm, AL: light chain cardiac amyloidosis, AF: atrial fibrillation, HFpEF: Heart
failure with preserved ejection fraction. FU: follow-up, yo: years-old, HFpEF:
heart failure with preserved ejection fraction, CMR: cardiac magnetic resonance,
PM: pacemaker.

monoclonal component assessment in serum and urine. Two hundred-
fifty subjects (36% of those invited) agreed to participate in the study,
with a 1:1 female-to-male ratio. Median age was 70 years (IQR 62-75),
and median time between CTS surgery and evaluation was 9 years (IQR
8-12). ATTR-CA was diagnosed in 12 patients (4.8%), and 10 of them
had an early diagnosis.

Although in both studies the inclusion criteria included bilateral CTS,
in our study we couldn't identify new patients with ATTR-CA. Indeed,
our sample size was smaller, the study was penalized by a low accep-
tance rate (49%) and by the patients' unwillingness to complete the
diagnostic pathway, which might have heavily influenced the final re-
sults. Furthermore, 28% of patients had an occupational risk for CTS,
likely reducing the pre-test probability of ATTR-CA. However, 2 patients
diagnosed with ATTR-CA in the study by Westin et al. had risk factors for
secondary CTS, and would have been missed if excluded [4].

In our study, the median time between the CTS and the clinical
evaluation was 8 years. The cardiomyopathy can manifest up to 10-15
years later from the tenosynovial manifestations [2] and studies with a
shorter time between surgery and CA diagnosis still had a good diag-
nostic performance [5]. Therefore, there is a small probability that some
patients may have been evaluated before the disease presentation. On
the other hand, we included patients with a clinical diagnosis of CTS and
not only surgically treated; hypothetically amyloid-related CTS could be
more severe and in need of surgery compared to fibrotic-inflammatory
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CTS, probably reducing the likelihood of the presence of CA.

ATTR-CA is more common in men with a female/male ratio of
1:6-1:15 [3,6,7], while CTS is more frequent in women with a female/
male ratio of 3:1 [8]. Thus, restricting the evaluation to men only, could
increase the pre-test probability of obtaining an ATTR-CA diagnosis,
however, in the precited work [4] excluding women would have led to
missing 10% of the diagnoses.

A screening program for hereditary ATTR-CA was recently
completed in Spain in an endemic area for the p.Glul09Lys variant.
Subjects aged 40-70 years old with clinical red flags for hereditary
ATTR-CA (non-ischemic or non-valvular associated heart failure, LV
hypertrophy, PM implantation due to conduction disturbances, signs/
symptoms of peripheral neuropathy, CTS, LSS) underwent TTR specific
genetic testing by a saliva sample. The study cohort included 288 pa-
tients (6.4% of the screened, mean age was 59 + 7 years, 57% were
female) and 89% underwent genetic testing, but none presented the p.
Glul109Lys variant. This study highlighted the feasibility of a screening
program through a simple and non-invasive diagnostic test, despite an
overall negative result [9].

Study limitations include the small sample size, mainly related to the
limited adhesion of asymptomatic patients to join a screening including
second-level laboratory and imaging tests with radiolabeled tracers.
Indeed, awareness of CA prevalence and complications remains limited.
A recent survey among cardiologists showed that 25% of participants
had never suspected a diagnosis of cardiac amyloidosis before [10].
Further initiatives to improve disease awareness among patients and
physicians may increase the participation rate in future screening pro-
tocols and enhance the achievement of early diagnoses [11]. While
screening programs in neoplastic diseases are well accepted, in cardio-
myopathies, despite the poor prognosis and availability of disease-
specific therapies, screening programs are yet to be implemented.

The overall young population evaluated, the high prevalence of
likely occupational CTS, and the short time between CTS surgery and the
evaluation may have contributed to the low diagnostic power of this
screening protocol.

5. Conclusions

A screening program for ATTR-CA based on the presence of tenosy-
novial manifestations identified by general practitioners is feasible, but
may not yield a high rate of new diagnosis. Increased awareness of CA
among patients might increase participation and diagnostic yield in
screening studies.

Validation of this protocol in other settings and larger populations is
needed to establish its diagnostic performance.
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