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ABSTRACT

Background Variant transthyretin amyloidosis (ATTRv)

is a hereditary multisystem disorder with clinical
spectrum ranging from predominant cardiomyopathy to
polyneuropathy. In the Irish population, the T60A mutation
has been previously recognised as the most common
genotype.

Objectives The aim of this study is to describe the
diagnostic and phenotypic spectrum of patients with T60A
ATTRv attending an Irish Expert Amyloidosis Network.
Methods In this observational study design, the medical,
laboratory and radiological records of patients enrolled

in our amyloidosis registry with a confirmed genotype
diagnosis of T60A ATTRv were reviewed.

Results A cohort of 24 patients (12 female) met criteria
for inclusion. The median age at diagnosis was 65

years (IQR 59.5-66.5) and median follow-up 44 months
(IQR 31-58). Carpal tunnel syndrome was the initial
manifestation in almost half (46%) of patients. Overall,

a mixed cardioneuro phenotype was demonstrated
including autonomic (75%), small (58%) and large fibre
(46%) neuropathy largely predating a cardiac phenotype
consisting of heart failure (63%), atrial arrhythmia (42%)
and bradycardia (13%).

Conclusion The contemporary clinical spectrum of T60A
ATTRv in Ireland is one of patients typically presenting in
the seventh decade with an already manifest neuropathy
phenotype, largely predating a cardiac phenotype
dominated by heart failure.

INTRODUCTION

Variant transthyretin amyloidosis (ATTRv)
is a progressive multisystem disorder with a
wide clinical spectrum ranging from predom-
inant polyneuropathy to cardiomyopathy.
Over 100 amyloidogenic TTR mutations have
been described, resulting in a variety of clin-
ical syndromes and frequently presenting a
diagnostic challenge.' The recent approval of
several novel agents with disease-modifying
properties for the treatment of amyloi-
dosis, in parallel with the contemporary
availability of high-sensitivity non-invasive
testing,” has highlighted the importance

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Despite being a major focus of research in recent
years, the diagnosis of cardiac amyloidosis remains
a clinical challenge due to a wide range of causative
mutations with variable clinical spectrum. There
are very few prior studies specifically targeting the
T60A variant.

WHAT THIS STUDY ADDS

= This study provides detailed phenotyping of the
T60A variant across both cardiac and neurological
systems.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study will aid in recognition of the condition in
contemporary clinical practice.

of early diagnosis in limiting morbidity and
mortality associated with ATTRv syndromes.”
Although ATTRv amyloidosis was initially
thought to be a disease confined to endemic
foci, studies have shown that late-onset cases
with variable clinical features can be found
in non-endemic areas.* In the Irish popu-
lation, the T60A (Thr60Ala, also referred
to as p.Thr80Ala) mutation has been previ-
ously recognised as the most common geno-
type. Originally described as ‘Appalachian
amyloid’,” genotype studies have shown that
this mutation has descended from a single
founder in the Northwest of Ireland, where
up to 1.1% of the population have previ-
ously been demonstrated to carry this genetic
mutation.’® However, less is known about the
phenotypic spectrum of disease in a contem-
porary cohort of patients with T60A ATTRv.

The aim of the study is to describe the diag-
nostic and phenotypic spectrum of patients
with T60A ATTRv with confirmed organ
amyloid deposition attending an Irish Expert
Amyloidosis Network in the contemporary
era.
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METHODS

Study population

All patients (n=34) attending the hereditary amyloi-
dosis referral clinic under the joint care of subspecialist
cardiac and neurology teams—the Irish Expert Amyloi-
dosis Network—were assessed for inclusion in the study.
Three patients had non-T60A pathogenic 7T7R muta-
tions (p.Vall42Ile (V221), p.Glul09GIn (glu89gln),
p-Ser70Arg (S50R)) and were excluded. A further 4
patients were found to be genotype positive without any
evidence of TTR amyloid organ deposition by time of
study enrolment and were excluded. A total of 27 patients
with confirmed ATTRv associated with the T60A variant
were eligible for inclusion; of those n=24 were enrolled
(8 patients died prior to enrolment). Data were collected
retrospectively after patient enrolment.

Follow-up

Patients were followed in both cardiac and neurology
clinics at regular 6-monthly intervals and/or as dictated
by clinical need.

Laboratory analysis
At the time of diagnosis, patients were screened for light-
chain amyloidosis with analysis of serum immunoglobins,
serum immunofixation and serum-free light-chain
quantification. In the absence of any abnormal haema-
tological markers, a non-invasive pathway for diagnosis
based on myocardial scintigraphy scanning was used
in the majority of cases.” In the presence of abnormal
haematological markers or based on era (prior to the
accepted non-invasive pathway guideline) and/or centre
preference, tissue confirmation of amyloid subtype was
obtained. Genetic testing was subsequently performed to
investigate the presence of a pathogenic 77TR variant.
N-terminal pro B-type natriuretic peptide (NTpro-BNP),
serum troponin and renal function including estimated
glomerular filtration rate (eGFR) were quantified at
each clinical review. NTpro-BNP (cut-off 3000ng/L) and
eGFR (cut-off 45mL/min) were used to determine the
cardiac ATTR stage.7

Specialty investigations
Cardiac: a 12-lead ECG was recorded and analysed at each
visit. Transthoracic echocardiography was performed on
diagnosis and at approximately l-year intervals during
follow-up by certified echocardiographers in accordance
with British Society of Echocardiography imaging guide-
lines. Left ventricular ejection fraction (LVEF) was calcu-
lated using Simpson’s biplane assessment and global
longitudinal strain (GLS) was quantified where possible
(based on image quality and adequate frame rate) and
was calculated as the average regional longitudinal strain
of 17 segments.

Radiological:  technitium-99m, 3,3-diphosphono-1,2-
propanodicarboxylic acid scintigraphy (TC-DPD) was
performed according to defined protocols.” Cardiac

uptake was identified and graded according to the Peru-
gini scale.

Neurological: presence of carpal tunnel syndrome was
documented if patients had consistent symptoms and
signs (sensory symptoms predominantly affecting median
nerve territory, positive Phalen’s and/or Tinel’s test,
thenar atrophy/weakness) with or without compatible
nerve conduction studies (NCS) findings.® Neurophys-
iology testing included assessment of large fibre, small
fibre and autonomic function. Motor and sensory NCS
were performed using standardised techniques. Depart-
mental normal limits were used. Quantitative sensory
testing (QST) assessed perception of cold and heat pain
and thermal thresholds. Autonomic tests included R-R
interval testing to Valsalva, posture and deep breathing
as well as sympathetic skin response. Patients were
documented as having large fibre neuropathy if they
had consistent symptoms (numbness, weakness or non-
painful paraesthesia) and/or signs (sensory loss, weak-
ness, reduced or absent reflexes) along with compatible
NCS. Patients were documented as having small fibre
neuropathy if they had consistent symptoms (sponta-
neous paraesthesia or dysaesthesia, abnormal burning
or cold sensation, electric-shock like pain, allodynia or
hyperaesthesia) along with reproducible abnormalities
on QST. All neurophysiological investigations were anal-
ysed by a single consultant neurophysiologist.

Statistical analysis

Categorical variables were expressed as numbers and
percentages. Continuous variables were expressed as
mean+SD or median and IQR.

RESULTS

Study population and diagnosis

Initial mode of presentation was due to a suggestive clin-
ical syndrome in 16 patients (67%) while the remaining
eight individuals were referred in the setting of screening
of family members of an affected individual. On detailed
initial review at the Amyloid Network Clinic, all included
patients reported symptoms attributable to the condition.
Regarding family history, 18 patients (75%) had a family
history suggestive of amyloidosis and 14 patients (58%)
had a first degree relative with a confirmed diagnosis
of T60A ATTRv. Two-thirds (67%) of patients reported
familial origins in the Northwest of Ireland.

Median age at diagnosis was 65 years (IQR=59.5-66.5)
and median follow-up was 44 months (IQR=31-58). A
total of 50% (n=12) of the study population were female,
in whom median age at diagnosis trended towards being
older (65 vs 60 years) but did not reach significance
(p=0.07). No significant differences according to sex
were seen in other clinical or diagnostic parameters.

Diagnosis of the enrolled cohort occurred between
2012 and end 2022; 50% were diagnosed from 2020
onwards. Endomyocardial biopsy was the primary mode
of diagnosis in four patients. One patient had abnormal
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Table 1 Clinical characteristics of the study population

Table 2 Neurological manifestations

Median Neurological manifestations
Age at diagnosis, years 65 (IQR 59.5-66.5) Carpal tunnel syndrome 17 (71%)
Male (n, %) 12 (50%) Spinal stenosis 4 (17%)
Female (n, %) 12 (50%) Neurological symptoms at diagnosis
Comorbidities Autonomic 18 (75%)
Hypertension 9 (38%) Altered bowel habit 14 (58%)
Coronary artery disease 3 (13%) Orthostatic hypotension 13 (54%)
Chronic kidney disease 4 (17%) Erectile dysfunction 6 (50%)
Diagnosis based on symptoms 16 (67%) Small fibre neuropathy 14 (58%)
Family history T60A variant 14 (58%) Large fibre neuropathy 11 (46%)
First neurological symptom
. .. . . Carpal tunnel syndrome 11 (46%)
haematological markers requiring tissue confirmation : :
of ATTR amyloid subtype and a further three patients Spinal stenosis 1(4%)
underwent tissue confirmation of ATTR subtype based Autonomic neuropathy 8 (33%)
on era and centre preference at time of presentation. Peripheral neuropathy 4 (17%)

The remaining patients (n=20) had normal haematolog-
ical markers and subsequently were diagnosed with ATTR
amyloidosis via the non-invasive diagnostic pathway. Of
these, TC-DPD imaging confirmed Perugini grade 2 in 8
(40%) patients and grade 3 in 12 (60%) patients.Table 1

Neurological manifestations

Neurological manifestations largely predated cardiac
manifestations by median of 7 (IQR 3.8-9) years and
were present in all patients during follow-up. A remote
history of carpal tunnel decompression or symptoms
consistent with carpal tunnel syndrome was reported
as the first symptom by 46% of patients, with 71% of
patients affected by the time of diagnosis. A majority
(75%) of patients had clinical features of autonomic
neuropathy, including erectile dysfunction, symptomatic
postural hypotension, diarrhoea or constipation, nausea
and vomiting and/or weight loss. Large (46%) and small
(58%) fibre peripheral neuropathy were also commonly
present at time of diagnosis. Neurological findings at
presentation are further characterised in table 2.

Cardiac manifestations
Clinical manifestations of cardiac disease were frequent
at diagnosis and present in 67% of patients. During the
study period, 16 patients (63%) had heart failure (HF) as
defined by the universal definition of HF”; 21% of patients
had at least one HF hospitalisation. Atrial arrhythmias
were present in 42%, while 13% of patients required a
pacemaker. Three patients died during the study period
(cardiac cause n=2, cause unrelated to ATTRv syndrome
n=1). Table 3 summarises the cardiac findings of the
population at presentation and during the study period.
Almost all patients (n=23) had transthoracic echo-
cardiography performed at least once in our hospital.
At first assessment, mean LVEF was 50 (x10.4%) and
n=6 patients had an LVEF <50%. Mean GLS was —-15.4
(£3.7%) and mean interventricular septum diameter in
diastole was 1.5 (£0.4cm). Other echocardiographic and

ECG findings at the time of presentation are summarised
in table 3.

Treatment

Disease-targeting treatments for ATTRv were approved in
the Republic of Ireland in 2021 (patisiran) and 2022 (tafa-
midis), respectively. During the study period, all patients
were treated with evidence-based disease-modifying ther-
apies according to national eligibility criteria and treat-
ment availability at that time (diflunisal 33%; tafamidis
25%, patisiran 46%; therapies pending approval—per
clinical trial/compassionate use as appropriate—25%).

DISCUSSION

This study highlights the phenotypic spectrum of ATTRv
amyloidosis in a contemporary cohort of Irish patients.
T60A ATTRv remains the predominant genetic mutation
identified in Irish patients attending our Irish Expert
Amyloidosis Network. Our report details that these
patients typically present with an already manifest neurop-
athy phenotype, often initially carpal tunnel syndrome
and frequently autonomic as well as small and large fibre
neuropathy. This neuropathic syndrome largely predates
their cardiac phenotype, which is dominated by HF. Family
history and origin in the Northwest of Ireland remain
important demographic factors; however, a quarter of the
cohort had no suggestive family history, highlighting the
importance of clinical suspicion and recognition of the
clinical syndrome. Importantly, despite only two-thirds
of patients showing an overt cardiac clinical syndrome at
the time of diagnosis at a median age of 65, a significant
proportion of patients had echocardiographic evidence
of cardiac disease at first assessment alongside evidence
of cardiac amyloid deposition by TC-DPD or cardiac
biopsy. Finally, a signal towards older age at diagnosis was
seen for females versus males.
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Table 3 Cardiac manifestations

Cardiac manifestations N (%)

Heart failure
Heart failure symptoms at presentation

NYHA| 12 (50%)
NYHAII 10 (42%)
NYHA Il 2 (8%)
NYHA IV 0
Hospitalisation for heart failure 5 (21%)
Diuretic use at presentation 9 (38%)
ECG at presentation
Sinus rhythm 17 (71%)
Atrial fibrillation 6 (25%)
Atrial flutter 1 (4%)
First degree heart block 5 (21%)
Right bundle branch block 3 (13%)
Left bundle branch block 4 (17%)
Non-specific interventricular conduction delay 1 (4%)
Arrhythmia during follow-up
Atrial fibrillation 9 (38%)
Atrial flutter 1 (4%)
Bradycardia requiring PPM 3 (13%)
Echo (n=23)
LV EF (%) 50.5+10.4
LV IVSd (cm) 1504
RV-free wall thickness (cm) 0.6+0.25
GLS (%) -15.4+3.7
Left ventricular hypertrophy (n, %) 19 (83%)
Right ventricular hypertrophy 15 (65%)
Apical sparing pattern GLS pattern 9 (39%)
Pericardial effusion 4 (17%)
Biomarkers
NT-pro BNP n=22
<3000 ng/L 18 (82%)
>3000ng/L 4 (18%)
Renal function (eGFR) n=24
>60 mL/min 20 (83%)
45-60 mL/min 3 (13%)
<45mL/min 1 (4%)
NAC stage n=22
Stage | 18 (82%)
Stage Il 3 (14%)
Stage Ill 1 (4%)

eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; LVEF,
left ventricular ejection fraction; NAC, National Amyloidosis Centre; NTpro-BNP, N-
terminal pro B-type natriuretic peptide; NYHA, New York Heart Association; PPM,
permanent pacemaker; RV, right ventricle.

First described in 1986, T60A variant amyloidosis is
reported to have descended from a single founder in
the Northwest region of Ireland where carrier status
of the condition in a classic 1995 epidemiological
study was estimated to be as high as 1.1%.° Although
this variant has subsequently been described in

families across the world, family origin in the North-
west of Ireland remains an important demographic
factor with the majority of our cohort tracing their
origins to Donegal or its surrounding counties.

Prior studies specifically studying the T60A ATTRv
amyloidosis population are rare. A prior UK study eval-
uating the neurological phenotype in patients with
ATTR amyloidosis including 17 patients with T60A
variant highlighted the relatively early presentation
of carpal tunnel syndrome in T60A compared with
other variants.'” Notably, our study found that carpal
tunnel syndrome is frequently the first symptom in
this cohort and its onset precedes diagnosis by a
median of 7 years. Sperry et al'' published an obser-
vational study of n=98 patients undergoing carpal
tunnel release surgery where analysis of the flexor
retinaculum in men >50 years and women >60 years
detected amyloid deposits (mixed picture of ATTRy,
wtATTR and light chain amyloidosis) in 10.2%. Based
on this and correlating with our findings, routine
analysis of biopsy samples from carpal tunnel surgery
in patients with or without a family history of T60A
ATTRv >50 years could support presymptomatic diag-
nosis and/or targeted screening.

A second study investigating cardiac phenotype
and clinical outcome in 60 patients diagnosed with
T60A ATTRv attending UK and Canadian centres
demonstrates congruent findings to the current study
in a number of areas.'® Although more patients in
our cohort were symptomatic with cardiac disease at
presentation, there was similar prevalence of cardiac
structural abnormalities on initial echocardiography
regardless of symptoms. Further, a similar proportion
of patients presenting with autonomic and peripheral
neuropathy was noted in both cohorts.

Meanwhile, in the 10 years since this study was
published, the landscape of both diagnosis and treat-
ment of ATTR amyloidosis has changed dramatically.
The contemporary availability of TC-DPD imaging
as a non-invasive diagnostic tool allowed 83% of our
patients to be diagnosed without requiring inva-
sive confirmation of ATTR subtype. This study also
highlights how treatment options have evolved with
two alternate mechanism guideline-approved thera-
pies becoming available to patients during the study
period, where previously liver transplantation was
considered the only treatment option. Prospective,
longitudinal follow-up of these patients on disease-
targeted treatments to determine outcomes in this
contemporary cohort is ongoing.

The present study is limited by its modest numbers
and descriptive design. However, it represents a
national cohort from a country where this partic-
ular mutation is predominant and is additionally a
frequent mutation encountered in many other coun-
tries worldwide, including the UK and USA, through
historical migration. Moreover, detailed and system-
atic phenotyping across both major organ syndromes
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The contemporary clinical spectrum of hereditary transthyretin amyloidosis due to the Thr60Ala (p.Thr80Ala)

variant in an Irish expert amyloidosis network

Epidemiology

24 patients diagnosis
Median age 65
LVEF 50%
4 Thr60Ala GLS -15.4%
Median follow up 44months IVSd 15mm

67% family origins in
northwest Ireland

Neurological manifestations
100% Neuropathy

100%
80%

I 75% = ‘
58%
40% 46%
20% \
o »

Autonomic  Carpal Small fibre Large fibre
tunnel
syndrome

Figure 1

hATTR

Cardiac Imaging

83% non-invasive hATTR

Cardiac manifestations

63%
42%

Heart failure Atrial Bradycardia
arrhythmia

67% 100%
80%

The contemporary clinical spectrum of T60A (p.Thr80Ala) variant transthyretin amyloidosis (ATTR) in Ireland. A total

of 24 patients were included. The median age at diagnosis was 65 years and median follow-up 44 months. 67% of patients
had family origins in the North West of Ireland. These patients presented with a mixed phenotype of carpal tunnel syndrome
(71%), autonomic (75%), small (58%) and large (46%) fibre neuropathy. The cardiac phenotype included heart failure (63%),
atrial arrhythmia (42%) and bradycardia (13%). Regardless of clinical presentation, all patients had cardiac involvement by
3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy (DPD) imaging or tissue analysis. GLS, global longitudinal strain;

LVEF, left ventricular ejection fraction.

affected is provided in a modern era of ATTR amyloi-
dosis diagnosis and treatment.

CONCLUSION

This report highlights the current clinical spectrum of
T60A ATTRv in an Irish Amyloidosis quaternary referral
network in the modern era. Patients typically present in
the seventh decade with an already manifest neuropathy
phenotype, largely predating their cardiac phenotype,
which is dominated by HF.

Figure 1
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