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Abstract

Background Autonomic dysfunction is a hallmark feature of hereditary ATTR amyloidosis. The aim of this study was to
summarize the characteristics and natural history of autonomic dysfunction in patients with hereditary ATTR amyloidosis.
Methods A systematic review of the natural history and clinical trials of patients with ATTR amyloidosis was performed.
Alternative surrogate markers of autonomic function were analyzed to understand the prevalence and outcome of autonomic
dysfunction.

Results Patients with early-onset disease displayed autonomic dysfunction more distinctively than those with late-onset
disease. The nutritional status and some autonomic items in the quality-of-life questionnaires were used to assess the indirect
progression of autonomic dysfunction in most studies. Gastrointestinal symptoms and orthostatic hypotension were resent
earlier than urogenital complications. Once symptoms were present, their evolution was equivalent to the progression of the
motor and sensory neuropathy impairment.

Conclusion The development of autonomic dysfunction impacts morbidity, disease progression, and mortality in patients
with hereditary ATTR amyloidosis.

Keywords ATTR amyloidosis - Dysautonomia - Autonomic dysfunction - Autonomic symptoms - Orthostatic hypotension -

Familial amyloid polyneuropathy

Introduction

Hereditary ATTR amyloidosis is an autosomal dominant
hereditary multisystemic disorder caused by the extracellular
accumulation of abnormally misfolded transthyretin (TTR).
The TTR gene provides information for the production of
transthyretin, a protein that transports vitamin A (retinol)
and thyroxine throughout the body. Transthyretin is produced
mainly in the liver, although a small amount is also produced
in the choroid plexus and in the eyes. The disease is charac-
terized by tissue deposition of insoluble proteins and fibril
aggregates oriented in a B-pleated sheet structure that form
unbranched amyloid fibrils [1]. Usual manifestations include
sensory—motor neuropathy, autonomic dysfunction, cardiac,
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ocular, and other less common manifestations such as renal
involvement. Without treatment, progressive incapacitating
neuropathy, cardiac insufficiency, and cachexia due to gas-
trointestinal (GI) dysautonomia is common after a few years,
and patients are bedridden and therefore prone to developing
bedsores, venous thrombosis, muscle atrophy by denerva-
tion, infection, and ultimately death [1, 2].

Autonomic symptoms are key components of hereditary
ATTR amyloidosis, are present in almost all mutations,
and emerge at onset or very early afterwards; they contrib-
ute strongly to the burden of the disease [1-4]. However,
these symptoms are often overlooked, as they can be hid-
den or interposed by more pronounced cardiovascular or GI
manifestations (please refer to sections Clinical vignettes
1 and 2). Clinically, the progression of hereditary ATTR
amyloidosis to late-stage disease results in patients becom-
ing wheelchair-dependent or bedridden, either due to severe
motor impairment or end-stage cardiomyopathy. Impaired
mobilization further compromises the assessment of auto-
nomic function. Therefore, autonomic manifestations are
often underdiagnosed and underreported in the latter stages
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of the disease, and patients usually do not undergo auto-
nomic testing.

Similar to peripheral neuropathy, the progression of auto-
nomic symptoms is unrelenting and closely related to the
progression of somatic neuropathy. However, these symp-
toms can worsen non-neurological manifestations such as
dizziness, fatigue, or pain. Certainly, these symptoms play
a critical role in the outcome, particularly in terms of car-
diovascular events and sudden death [2, 3]. Signs and symp-
toms of autonomic disease can be assessed from diagnosis
either with questionnaires or validated tests, both of which
can provide objective predictors of disease progression.
Surprisingly, these signs and symptoms have seldom been
considered as primary endpoints in most studies assessing
the natural history of hereditary ATTR amyloidosis or in
clinical trials of this disorder. Thus, its natural history is
poorly described.

We have conducted a systematically review of the litera-
ture with the aim to clarify the natural history and clinical
characteristics of the autonomic symptoms of patients with
hereditary ATTR amyloidosis. Alternative surrogate mark-
ers can be used as a reflection of the evolution of autonomic
manifestations and will also be discussed in the text of this
article.

Clinical vignette 1

A 54-year-old male diagnosed with ATTR amyloidosis
3 years previously, presented with a history of numbness
and burning pain in feet and hands, treated with pregabalin,
and constipation, treated with stool-softeners. He also had
orthostatic hypotension (OH), with a mean systolic blood
pressure fall of 46 mmHg after standing for 5 min, despite
treatment with fludrocortisone 0.1 mg/day. He had made an
appointment for consultation due to difficulties at maintain-
ing erections during sexual intercourse and also for advice
on the use of sildenafil.

Autonomic symptoms usually occur early in the natural
history of ATTR amyloidosis and can be useful criteria for
calculating disease onset. The association of OH and erectile
dysfunction (ED) is common in ATTR amyloidosis, par-
ticularly in patients presenting symptoms before 50 years
of age. The treatment of ED is challenging in these patients
because it may unmask or exacerbate drops in blood pres-
sure. Oral phosphodiesterase inhibitors, such as sildenafil
citrate or tadalafil, are efficacious in the treatment of ED,
but are associated with major risks in the presence of OH
[5]. Consequently, lying and standing blood pressure should
be measured in any patient wishing to start on therapy with
an oral phosphodiesterase inhibitor. If possible, a clinical
trial should be performed at the medical doctor’s office to
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determine if the patient is a candidate for this type of treat-
ment. Additional recommendations are to avoid other activi-
ties or drugs that may trigger hypotension, such as inges-
tion of alcohol, use of tricyclic antidepressants, diuretics, or
alpha-1 blockers, and avoidance or delay of parasympathetic
maneuvers, such as straining while urinating, having a bowel
movement, or coughing vigorously. In most cases, other non-
pharmacological treatments for ED are safer to use, such
as vacuum constriction devices, intracavernosal and intrau-
rethral devices, with or without prostaglandin E1 (PGE1).

Clinical vignette 2

A 45-year-old man with a TTR Ser50Ala mutation arrived
at the emergency room after experiencing syncope after run-
ning 1 mile. His most recent echocardiogram showed moder-
ate myocadiac amyloid infiltration, with a fraction ejection
of 56%. An electrocardiogram showed complete atrioven-
tricular conduction block and persistent sinus bradycardia
with pauses that required cardiac pacing. Following the pro-
cedure, the systolic blood pressure of the patient continued
to drop > 50 mmHg after standing. Further treatment was
deferred until consultation with a neurologist.

OH resulting from autonomic dysfunction is a common
cause of syncope in patients with cardiac amyloidosis [6].
Syncope is mainly associated with arterial hypotension.
Heart failure prevents the heart from pumping efficiently
or rapidly enough to compensate for the drop in blood pres-
sure that occurs upon standing. Thus, vasodilation with an
inability to increase cardiac output due to poor contractil-
ity reserve results in exertional syncope. Less frequently,
ventricular and atrial arrhythmias with rapid ventricular
rates can also result in syncope. Ambulatory cardiac and
blood pressure monitoring can be helpful to assess each
of these conditions. Early pacemaker or implantable car-
dioverter—defibrillator placement should be considered, as
individuals with these conditions are likely to experience
sudden death. Digoxin has been associated with higher
toxicity and it is proscribed. The efficacy of angiotensin
converting enzyme inhibitors, angiotensin receptor block-
ers, and beta-blockers is still undefined in amyloidosis [7].
Low-dose diuretics improve the symptoms of heart failure
but tend to aggravate hypotensive symptoms; if their use is
judged necessary, low doses, preferably taken at night, are
recommended. Midodrine, an alpha-1 adrenergic stimulant,
is often necessary in high doses to maintain blood pressure.
The supine hypertension that is common with midodrine
use is not seen in individuals with cardiac amyloidosis, so
these patients can use large doses without concern [8], and
its use as a prophylactic before exercise may be helpful [8].



Clinical Autonomic Research (2019) 29 (Suppl 1):51-59

S3

Fig.1 PRISMA [9] flow chart
summarizing the selection pro-
cess of articles included in this
systematic review
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Methods

This sytematic review was conducted according to the
PRISMA statement for reporting systematic reviews [9].
A literature search was performed using the terms “natural
history,” “clinical outcomes,” “clinical trials,” “case stud-
ies,” and “case report,” and “ATTR amyloidosis,” “famil-
ial amyloid polyneuropathy,” “transthyretin,” “dysautono-
mia,” and “autonomic.” Most of the articles identifed with
a combination of these terms were clinical series of cases
describing specific mutations. Of these, only the ones with
a complete clinical description of the autonomic symptoms
were included in the review. The remaining articles identi-
fied were reviews, clinical studies, and clinical trials. All
articles were studied, and symptoms or signs of autonomic
dysfunction were registered. Of the 200 articles identified by
the search terms, 35 were included in our systematic review
(Fig. 1 and Table 1). Six abstracts with relevant autonomic
information were included.

EEINT3 99 <

Results

We identified ten articles on clinical trials and clinical
trial extensions that described the autonomic characteris-
tics of the patient study population and ten review articles
that focused on some aspects of autonomic function. The
remaining studies included case series of different popula-
tions that were chosen for inclusion in this review because
they provided an explanation of the autonomic symptoms or
signs. Abstracts from relevant meetings were also included
(Fig. 1; Table 1).

” ”u ” u " «

clinical trials”, “case-studies”, “case-report”, and “ATTR

transthyretin”, “dysautonomia”, “autonomic “

”

Prevalence

Autonomic manifestations were present in 50-80% of the
patients [18, 19]. The most common findings were OH, diar-
rhea, constipation, alternating diarrhea and constipation,
erectile dysfunction, urinary incontinence, and xerostomia
(Fig. 2) [18-23]. Different mutations carried different risks
for autonomic disfunction. In the THAOS registry, preva-
lence of autonomic dysfunction was higher in patients with
Val30Met mutations and lower in those carrying a cardiac
mutation [18, 19]. Autonomic dysfunction was described as
moderate in patients with the Glu89G and Phe64Leu muta-
tions and severe in those with the Thr49Ala mutation [21].
Autonomic disturbances were not present in most patients
with Phe64Leu mutations with new-onset symptoms, but
these disturbances occurred in all patients within approxi-
mately 4 years following symptom onset [21]. In contrast,
autonomic symptoms were the presenting symptom in 50%
of patients with the Thr49Ala mutation [21]. Autonomic
manifestations were also common in patients with Ser50Arg,
Ser52Pro, and Gly47Ala mutations [22]. In the Neuro-TTR
trial, patients with the Thr60Ala and Ser77Tyr mutations
had a higher percentage of autonomic involvement [23].
Also, patients with Val30Met mutations had the shortest
time from the first ATTR amyloidosis-related symptom to
the first autonomic symptom, with a mean time from onset
of 2.7 years [19].

Timing of symptoms
It is difficult to estimate the exact timing of the onset of auto-

nomic symptoms. Often, in many studies, early autonomic
symptoms were overlooked and identified retrospectively,
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Fig.2 Autonomic symptoms

at enrollment or first visit

in patients with hereditary
ATTR amyloidosis enrolled in
the Neuro-TTR trial and the
THAOS registry. Entry criteria
for Neuro-TTR trial was disease
stage I-1I (patients still able to
walk). The THAOS registry had
no entry limitations and patients
could be enrolled at any stage,
including asymptomatic patients
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Table 2 Coutinho staging [26]
Stage Description
Stage | Unimpaired ambulation; mostly mild sensory, motor, and autonomic neuropathy in the lower limbs
Stage 11 Assistance with ambulation required; mostly moderate impairment progression to the lower limbs,
upper limbs, and trunk
Stage 111 Wheelchair-dependent or bedridden; severe sensory, motor, and autonomic involvement of all limbs

only after other non-autonomic symptoms occurred. For
example, in Sicily, one patient was misdiagnosed as recur-
rent vasovagal syncope over a period of 4 years, whereas the
patient probably had OH because somtime later he experi-
enced paresthesias in the hands and impotence, and mixed
parasympathetic and sympathetic dysfunction was detected
[21].

In most studies, the emergence of autonomic symptoms
depended on the type of onset of the disease. In two studies
involving Japanese patients, the characteristics of early-onset
cases in 81% of the patient population from endemic foci

Table 3 Polyneuropathy Disability Scale staging [26]

included the presence of sensory dissociation and marked
autonomic dysfunction associated with a predominant loss
of small-diameter and unmyelinated nerve fibers [24, 25].
These characteristics were not common in the late-onset
cases from non-endemic areas, where autonomic dysfunc-
tion was less prevalent (around 60%) and of milder intensity
[4]. In the THAOS Registry consisting of a population of
781 symptomatic patients, autonomic neuropathies were
associated more frequently with an early onset of disease
than with late-onset disease [18]. Patients with autonomic
dysfunction at enrollment in the THAOS Registry were

Polyneuropathy Disability Scale

Description

Stage 0
Stage I
Stage 11

Stage IITA
Stage I1IB
Stage IV

No impairment
Sensory disturbances but preserved walking capability

Impaired walking capability but ability to walk without a stick or
crutches

Walking only with the help of one stick or crutch
Walking with the help of two sticks or crutches
Wheelchair-dependent or bedridden
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younger and had longer duration of ATTR amyloidosis
symptoms when compared with those without autonomic
dysfunction at enrollment [19]. Of these former patients,
35% experienced an autonomic symptom as their first ATTR
amyloidosis manifestation [19].

Also, different autonomic manifestations may occur at
different times. In studies involving patients with early-onset
disease, GI dysfunction and OH emerged in the early phase
of the disease, whereas urinary manifestations appeared
halfway through the course of the disease [4]. A study from
Japan that included early-onset cases from an endemic foci
of patients with Val30Met mutations reported that the GI
symptoms constituted the initial symptom in nearly half of
the affected individuals, but in late-onset patients, diarrhea
and constipation did not precede symptoms of somatic neu-
ropathy, although they tended to appear in the early phase of
the disease [24]. In a study conducted in Mexico, autonomic
symptoms were the initial presentation in 4% of individuals
with the Ser50Ala, Ser52Pro, and Gly47Arg mutations [22].
In this population, patients with Coutinho’s stage (Table 2)
0-1 showed alterations in different autonomic tests, such
as drops in systolic blood pressure during the tilt-test and
abnormalities in the E:I ratio and the Valsalva ratio [22].
Likewise, 70% of the population in the Neuro-TTR trial had
all four symptomatic categories: muscle weakness, sensory
manifestations, neuropathic pain, and autonomic symptoms,
whereas only 6% did not have autonomic symptoms at onset
[23]. In this patient population, over 50% of the patients had
a history of GI manifestations, such as recurring diarrhea,
constipation, defecation urgency, GI mobility disorder, or
GI hypomotility [23].

sensibility) and autonomic testing (heart rate decrease with

deep breathing or OH measurements).

reflex abnormalities and sensory loss
Compounds smaller fiber function (vibration or touch-heat-pain

Neuropathy impairment exam that evaluates motor function,

Limited to the lower limbs
Adds nerve conduction studies

Description

Evaluation of symptoms

Complete name

The most common primary outcome of clinical trials on
ATTR amyloidosis is neurological progression [27-31]. The
Neuropathy Impairment Score (NIS) (Table 3) and its varia-
tions are the most popular tools to assess such progression.
NIS+7 is a widely used outcome [27, 28]. The developers
of this measure performed a retrospective analysis of 97
untreated patients with familial amyloid polyneuropathy and
proposed several modifications to improve sensitivity: to use
only the amplitudes of the compound muscle action poten-
tials and sensory nerve action potential; to add somatotopic
quantitative sensory testing; and to perform new autonomic
measures (e.g., quantitative sudomotor testing or heart rate
variability measures) [32]. The incorporation of the modified
instrument helped determine contributing autonomic func-
tion. Heart rate variability is a reliable marker of autonomic
alterations and has shown to be impaired very early in the
disease. Unfortunately, it may not be feasible to obtain this
measure in some patients due to arrhythmias [33].

Neuropathic Impairment Score

NIS in the Lower Limbs

NIS+7
Modified NIS+7

Table 4 The Neuropathy Impairment Score and its iterations

NIS and its iterations

NIS
NIS-LL
NIS+7
mNIS+7

@ Springer
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Fig.3 Common autonomic Autonomic Tests & Scales used in Reported Studies
assessments and tests used in

hereditary ATTR amyloidosis Norfolk-DM* I

clinical studies. The Norfolk
DM questionnaire assesses the
following autonomic items: diz-
ziness, vomiting, and diarrhea.
Norfolk QoL-DN Norfolk Qual-
ity of Life-Diabetic Neuropathy
instrument, HRdb heart rate
decrease with deep breathing

Sympathetic skin responses
Vasomotor doppler USG
Sudoscan

Tilt test

Valsalva ratio

Compass-31

Modified BMI (mBMI)

Body Mass Index (BMI)

HRdb

Progression of autonomic dysfunction

Autonomic symptoms parallel the progression of sensory
and motor dysfunction. In the Neuro-TTR trial, autonomic
symptoms were progressive and corresponded to the neu-
rological impairment, as assessed using the Polyneuropa-
thy Disability Scale (PND) staging (Table 4), with 50%
of patients with PND I having autonomic manifestations,
70% of the patients in PND II, and up to 90% of patients
in PND III/IV [23]. The same was observed with the auto-
nomic sudomotor innervation of the lower extremities, with
the patients with advanced disease showing more disease
progression [17, 16]. Patients with ATTR amyloidosis with
polyneuropathy in trials of tafamidis, patisiran, and inotersen
showed improvements in nutritional status and autonomic
function, as assessed based on the items of diarrhea, vomit-
ing, and dizziness of the Norfolk Quality of Life-Diabetic
Neuropathy instrument (Norfolk QoL-DN) [29-31]. The
APOLLO study evaluated autonomic symptoms with the
Compass-31 scale, reporting great improvement in patients
using patisiran at 18 months when compared to placebo [30].
At 18 months, orthostatic tolerance and GI domains showed
the greatest improvement [34, 35].

Quality of life and autonomic relationship

Most clinical trials have used the Norfolk QoL-DN scale,
which evaluates some autonomic symptoms, to evaluate the
quality of life. This instrument showed that worsening of the
quality of life is closely related to the progression of neu-
ropathy, asevaluated with mNIS+7. When compared to pla-
cebo, tafamidis, inotersen, and patisiran have demonstrated
improvement across all domains of the Norfolk QOL-DN,
including the autonomic domains [29-31].

" Apollo  ®Neuro-TTR Tafamidis ™ Other Reports

Discussion

As shown by the clinical vignettes, the clinical manifesta-
tions of autonomic dysfunction in patients with hereditary
ATTR amyloidosis may be masked by other non-autonomic
symptoms, and they can also limit the therapeutic options.
The prevalence and natural history of autonomic dysfunction
has not been fully elucidated, primarily because it is a very
rare disease and most of the published reports are cases or
case studies. However, prevalence seems to be more com-
mon in patients with certain types of mutations, in younger
patients, and in those with early-onset disease. Symptom
progression often parallels peripheral neuropathy progres-
sion. The autonomic components of the Norfolk QOL-DM
questionnaire and assessment of nutritional status are the
most common endpoints used in clinical trials to assess auto-
nomic function, although the COMPASS-31 questionnaire
was used in one trial and showed good results (Fig. 3). More
complex measurements are challenging due to the multisys-
temic involvement of the disease. For example, heart rate
variability is limited in patients with arrhythmias, and the
assessment of orthostatic hypotension is difficult in patients
who are unable to stand up due to severe motor neuropathy.

The limitations of this review include the poor characteri-
zation of the progression of the autonomic symptoms and
the absence of robust, objective indicators of the progression
of the disease.

Conclusions
Autonomic dysfunction adds complexity to the burden of

hereditary ATTR amyloidosis. Assessing autonomic symp-
toms carefully will help the clinician to better understand the
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multisystemic complaints of patients with hereditary ATTR
amyloidosis and will facilitate the treatment of certain condi-
tions. Better biomarkers to assess the onset and progression
of the autonomic dysfunction are needed.

Acknowledgement This manuscript is part of a supplement sponsored
by Akcea Therapeutics.

Funding Funding for this article was provided by Akcea Therapeutics.

Compliance with ethical standards

Conflict of interest A. Gonzalez-Duarte has been advisor to and in-
vestigator in clinical trials funded by Pfizer and Alnylam. S.I. Valdés-
Ferrer and C. Cantd-Brito have no conflicts of interest to declare.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Planté-Bourdeneuve V, Said G (2011) Familial amyloid polyneu-
ropathy. Lancet Neurol 10:1086-1097
2. Gonzalez-Duarte A (2018) Autonomic involvement in hereditary
transthyretin amyloidosis (hATTR amyloidosis). Clin Auton Res.
https://doi.org/10.1007/s10286-018-0514-2
3. Conceicao I, Gonzalez-Duarte A, Obici L (2016) Red-flag symp-
tom clusters in transthyretin familial amyloid polyneuropathy. J
Peripher Nerv Syst 21(1):5-9
4. Sekijima Y, Ueda M, Koike H et al (2018) Diagnosis and manage-
ment of transthyretin familial amyloid polyneuropathy in Japan:
red-flag symptom clusters and treatment algorithm. Orphanet J
Rare Dis 13(1):6. doi: https://doi.org/10.1186/s13023-017-0726-x
5. Hussain IF, Brady CM, Swinn MJ et al (2001) Treatment of erec-
tile dysfunction with sildenafil citrate (Viagra) in parkinsonism
due to Parkinson’s disease and multiple system atrophy with
observations on orthostatic hypotension. Neurol Neurosurg Psy-
chiatr 72(3):371-374
6. Xin Zang Z, Za Zhi X (2014) Cardiac amyloidosis presenting as
recurrent syncope. Acta Cardiol Sin 30(19):86-89
7. Tinoco Mesquita E, Lagoeiro AJ, Vale C et al (2017) Cardiac
amyloidosis and its new critical phenotype: heart failure with pre-
served ejection fraction. Arq Bras Cardiol 109(1):71-80
8. John RM (2018) Arrythmias in cardiac amyloidosis. J Innov Card
Rhythm Manag 9:3051-3057
9. Liertati A, Altman D, Tetzlaff J et al (2009) The PRISMA state-
ment for reporting systematic and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
Plos Med 6(7):e10000100
10. Hita Villaplana G, Hita Rosino E, Lépez Cubilana P et al (1997)
Corino-andrade disease (familial amyloidotic polyneuropathy type
I) in Spain: urological and andrological disorders. Neurourol Uro-
dyn 16(1):55-61
11. Alves M, Conceicao I, Luis ML (1997) Neurophysiological evalu-
ation of sexual dysfunction in familial amyloidotic polyneuropa-
thy Portuguese type. Acta Neurol Scand 96(3):163-166

@ Springer

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Mj Guri, Hogenauer C, Santa Ana CA et al (2003) Rapid intestinal
transit as a primary cause of severe chronic diarrhea in patients
with amyloidosis. Am J Gastroenterol 98(10):2219-2225

Ikeda S (2006) Autonomic dysfunction in FAP: its thera-
peutic effect by liver transplantation. Rinsho Shinkeigaku
46(11):874-877

. Kim DH, Zeldenrust SR, Low PA et al (2009) Quantitative sensa-

tion and autonomic test abnormalities in thrasnthyretin amyloido-
sis polyneuropathy. Muscle Nerve 40(3):363-370

Russo M, Vita GL, Stancanelli C et al (2016) Parenteral nutri-
tion improves nutritional status, autonomic symtpoms and quality
of life in transthyretin amyloid polyneuropathy. Neuromusc dis
26(6):374-377

Lefaucheur JP, Zouari HG, Gorram F et al (2018) The value of
electrochemical skin conductance measuremewnt using Sudoscan
in the assessment of patients with familial amyloid polyneuropa-
thy. Clin Neurophysiol 129(8):1565-1569

Zouari HG, Ng Wing Tin S, Wahab A et al (2019) Assessment
of autonomic innervation of the foot in familial amyloid polyneu-
ropathy. Eur J Neurol 26(1):94-e10

Cardoso M, Coelho T, Mundayat R (2013) Overview of patient
demographics and clinical characteristics in THAOS—the
trasthyretin amyloidosis outcome survey (P05.067). Neurology
80(Suppl 7):P05.067

Barroso F, Ando Y, Gonzalez-Duarte A (2017) Autonomic symp-
toms in transthyretin amyloidosis: an analysis of symptomatic sub-
jects from theTHAOS REgistry. 2017 Peripheral nerve society
meeting July 8-12, 2017 Sitges, Barcelona, Spain. J Peripheral
Nerv Syst 22(3):226-414

Gonzalez-Duarte A, Baifiuelos C, Garcia K et al (2018) Autonomic
description in patients with very early TTR amyloidosis (Familial
Amyloid Polyneuropathy) (P2.111). Neurology 381:114

Mazzeo A, Russo M, Di Bella G et al (2015) Transthyretin-related
familial amyloid polyneuropathy (TTR-FAP): a single-center
experience in Sicily, an Italian endemic area. J] Neuromusc Dis
2:S39-S48

Gonzalez-Duarte A, Lem-Carrillo M, Cardenas-Soto K (2013)
Description of transthyretin SS0A, S52P and G47A mutations in
familial amyloidosis polyneuropathy. Amyloid 20(4):221-225
Waddington-Cruz M, Ackermann E, Polydefkis M et al (2018)
Hereditary transthyretin amyloidosis: baseline characteristics of
patients in the NEURO-TTR trial. Amyloid 25:180-188

Koike H, Soubou G (2012) Late-onset familial amyloid polyneu-
ropathy in Japan. Amyloid 19(1):55-57

Ikeda S, Nakazato M, Ando N et al (2001) Familial transthyretin-
type amyloid polyneuropathy in Japan: clinical and genetic het-
erogeneity. Neurology 58(7):1001-1007

Ando Y, Coelho T, Salvi F (2013) Guideline of transthyretin-
related hereditary amyloidosis for clinicians. Orphanet J Rare Dis
8:1-83

Adams D, Suhr OB, Dyck PJ et al (2017) Trial design and ration-
ale for APOLLO, a Phase 3, placebo-controlled study of patisiran
in patients with hereditary ATTR amyloidosis with polyneuropa-
thy. BMC Neurol 17(1):181. doi:https://doi.org/10.1186/s1288
3-017-0948-5

Coelho T, Vinik A, Vinik EJ et al (2017) Clinical measures in
trasthyretin familial amyloid polyneuropathy. Muscle Nerve
55(3):323-332

Coelho T, Maia LF, da Silva AM et al (2012) Tafamidis for tran-
sthyretin familial amyloid polyneuropathy. A randomized, con-
trolled trial. Neurology 79:785-792

Adams D, Gonzalez-Duarrte A, Oriordan WD et al (2018) Pati-
siran, a RNIi therapeutic for hereditary transthyretin amyloidosis.
N Engl J Med 379(1):11-21


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10286-018-0514-2
https://doi.org/10.1186/s13023-017-0726-x
https://doi.org/10.1186/s12883-017-0948-5
https://doi.org/10.1186/s12883-017-0948-5

Clinical Autonomic Research (2019) 29 (Suppl 1):51-59

59

31.

32.

33.

Benson M, Waddington-Cruz M, Berk J et al (2018) Inotersen
treatment for patients with hereditary transthyretin amyloidosis.
N Engl J Med 379(1):22-31

Freeman R, Barroso F (2015) Recent advances in familial amyloid
polyneuropathy. Curr Opin Neurol 28(5):494-499

Wiklund U, Kadknodaee A, Andersson K et al (2018) Normal
scores of deep breathing tests: beware of dysrhythmia in tran-
sthyretin amyloidosis. Amyloid 25(1):54-61

34.

35.

Mauermann M, Adams D, Gonzalez-Duarte A (2018) Impact
of patisiran on autonomic neuropathy in hereditary transthyre-
tin-mediatedamyloidosis patients. Peripheral nerve society
annual meeting 21-25 July, 2018 Baltimore. Maryland. JPNS
23(4):249-408

Suhr OB, Conceigdo I, Karayal O et al (2012) Nutritional status
and autonomic function in clinical trials of tafamidis for tran-
sthyretin familial polyneuropathy. Eur J Neurol 19[Suppl 1]:775

@ Springer



	Characteristics and natural history of autonomic involvement in hereditary ATTR amyloidosis: a systematic review
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Clinical vignette 1
	Clinical vignette 2
	Methods
	Results
	Prevalence
	Timing of symptoms
	Evaluation of symptoms
	Progression of autonomic dysfunction
	Quality of life and autonomic relationship

	Discussion
	Conclusions
	Acknowledgement 
	References




