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Abstract

Background: Hereditary transthyretin amyloidosis (ATTR amyloidosis) is a rare, genetically heterogenous, and
clinically variable autosomal dominant disease that severely reduces life expectancy. As treatment options grow, a
proper diagnostic approach is mandatory especially in non-endemic regions with diverse genetic backgrounds.

Methods: We examined 102 neuropathy patients at a German neuromuscular centre. Common causes of
polyneuropathy were ruled out by medical history and extensive laboratory testing to define a cohort of patients
with progressive polyneuropathy classified as idiopathic. Molecular genetic testing of the entire TTR gene was
performed, and the detected amyloidogenic and non-amyloidogenic variants were associated with the observed
clinical phenotypes and results of prior diagnostic testing.

Results: Two of 102 patients tested positive for amyloidogenic mutations (p.Ile127Val and p.Glu81Lys), while a
variant of unknown significance, p.Glu26Ser, was found in 10 cases. In both positive cases, previous negative biopsy
results were proved by gene sequencing to be false negative. In case of the p.Glu81Lys mutation we detected
clinical presentation (combination of severe polyneuropathy and cardiomyopathy), ethnic background (patient of
polish origin, mutation only reported in Japanese families before), and disease course clearly differed from well-
known cases of the same mutation in the literature.

Conclusions: In conclusion, transthyretin hereditary amyloid polyneuropathy (ATTR-PN) should be considered in
cases of otherwise idiopathic polyneuropathy. Sequencing of the four exons of the TTR gene should be considered
the key step in diagnosis, while tissue biopsy possibly leads to false negative results.
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Background
Hereditary transthyretin amyloidosis is a rare, potentially
life-threatening autosomal-dominant disease charac-
terised by extracellular deposition of amyloid fibrils
composed of transthyretin (TTR). TTR is a homotetra-
meric plasma protein transporting thyroxine and retinol
binding protein-vitamin A complex [1]. It is mainly syn-
thesised in the liver and to a far lesser extent in the

choroid plexus and the retinal pigment epithelium [2].
Tetramer dissociation represents the key step in the for-
mation of misfolded oligomers and amyloid fibrils,
which exert various toxic effects on surrounding tissues
[3–5]. To date, more than 120 amyloidogenic mutations
in the TTR gene have been identified. Among the main
clinical phenotypes arising from those mutations, heredi-
tary amyloid polyneuropathy (ATTR-PN) and amyloid
cardiomyopathy [6] are the most common.
In endemic regions, especially particular areas in

Portugal and Sweden prevalence rates of up to 1 in 1000
[7, 8] can be found. Here, ATTR-PN often presents as a
rapid, progressive, and irreversible length-dependent
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sensorimotor and autonomic neuropathy [9] with early
small fibre dysfunction as one clinical red flag among
others, such as bilateral carpal tunnel syndrome [10]. In
fact, the pattern of clinical presentation depends on sev-
eral factors, including genotype, the patient’s geograph-
ical origin and age at symptom onset [11–14]. Genetic
heterogeneity, clinical variability, and generally low
prevalence frequently results in a delay in diagnosis of
several years, especially in patients with a negative family
history [15, 16]. However, because of the severe natural
course of ATTR-PN in endemic regions leading to dis-
ability and death within ten years, early diagnosis and
treatment initiation are mandatory. This early diagnosis
is of great importance in light of recent emerging treat-
ment options apart from liver transplantation, which has
been the standard therapeutic strategy since 1990. In
2011, the first transthyretin tetramer stabilising oral
agent, Tafamidis, was approved in the European Union
[17], while disease-modifying treatment by gene silen-
cing emerged as another promising approach, with pati-
siran and inotersen being recently approved for ATTR-
PN treatment [18, 19].
Here, we performed genetic testing in 102 patients suf-

fering from a polyneuropathy otherwise classified as idio-
pathic from a university outpatient clinic to determine the
frequency of amyloidogenic mutations in the TTR gene
and their correlation with clinical phenotypes in a clearly
characterised patient cohort in a German conurbation.

Methods
Patient selection
We collected data from 102 patients between 2015
and 2018 with electrophysiologically and clinically
confirmed idiopathic large fibre neuropathy or clinic-
ally and bioptically confirmed small fibre neuropathy
presenting at our neuromuscular outpatient clinic. To
rule out common causes of peripheral neuropathy,
routine laboratory testing was performed including
HbA1c, vitamin B1, B6, B12, folic acid, TSH, ANA,
ANCA, rheumatoid factor, hepatitis B and C serology,
cryoglobulins, immunofixation, glomerular filtration
rate, and serum electrophoresis. Alcohol abuse and
exposure to other toxic agents were excluded by thor-
ough medical history. Only patients without abnor-
malities in the above-mentioned parameters were
included. Considering expected clinical variability of
ATTR-PN in a non-endemic area, we defined no ex-
clusion criteria for clinical presentation or electro-
physiological type of neuropathy (primary axonal,
demyelinating or both) to avoid selection bias. The
study was approved by the ethics committee of the
University Duisburg-Essen, Germany. All subjects gave
their informed consent prior to participation.

Performed examinations
All patients included in the study were subjected to a
detailed medical history including age at symptom onset,
clinical course, previous out- and inpatient referrals, pre-
vious diagnostic findings and treatments, ethnic origin
and family history as well as a complete physical exam-
ination. Moreover, nerve conduction studies (NCS) were
performed to specify neuropathy subtypes. NCS com-
prised measurements of motor and sensory nerves of
upper and lower extremities on both sides. Distal motor
latency, nerve conduction velocity, motor and sensory
amplitude, and F-wave latency were assessed. Cerebro-
spinal fluid was obtained by lumbar puncture and tested
for protein level, cell count, and infectious agents in case
of pleocytosis. Finally, we collected blood samples from
each patient for genetic testing.

Molecular genetic analysis
After obtaining the patient’s written informed consent,
genomic DNA from total peripheral blood samples was
used for genetic testing. All four exons of the TTR gene
were amplified and sequenced by means of a single-gene
Sanger sequencing. The detected variants on protein
level are named according to Human Genome Variation
Society nomenclature guidelines including the signal
peptide (e.g. p.Val50Met). As nomenclature traditionally
used to describe those mutations did not follow the gen-
eral rule of starting with methionine as the translation
initator, the traditional mutation names (e.g. p.Val30Met)
are given in brackets where they appear for the first
time.

Results
We collected data from a cohort of 102 patients, 65 with
a sensorimotor neuropathy, four with a pure motor
neuropathy, five with a pure sensory neuropathy, two
with bilateral carpal tunnel syndrome (CTS), and 26
with a small fibre neuropathy confirmed by skin biopsy
(s. Figure 1). In the majority of patients, we detected two
wild-type alleles with no genetic variants in coding re-
gions of the TTR gene apparent. Nevertheless, in ten pa-
tients, a heterozygous sequence variant in exon 2,
p.Gly26Ser (Gly6Ser), was detected. Four of those pa-
tients belonged to the above-mentioned sensorimotor
neuropathy subgroup, four had a pure motor neur-
opathy, and two had an exclusive small fibre involve-
ment. Apart from the p.Gly26Ser polymorphism, there
were five patients with single nucleotide variants in non-
coding regions of the TTR gene (s. Table 1).
Two of 102 patients tested positive for amyloidogenic

mutations in the TTR gene, thereby confirming diagno-
sis of ATTR-PN. In both cases, ATTR-PN was not sus-
pected for years due to symptomatology not explicitly
suggestive of amyloidosis or to an incomplete diagnostic
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approach. Both cases differed in type of mutation, mani-
festation, course of the disease, and the patient’s ethnic
background.

Case 1
A 71-year-old male originally from Kazakhstan pre-
sented with symptoms already progressive for 2 years,
especially burning pain, tingling paraesthesia, and dis-
turbed thermosensation in his feet and distal lower legs
and also gait and postural disturbance. In the last 18
months before presentation at our outpatient clinic, he
had lost 17 kg of body weight without any obvious rea-
son. Approximately 2 years prior, a renal cell carcinoma
had been treated by partial nephrectomy. Additionally,
magnetic resonance imaging had raised suspicion of
hypertrophic cardiomyopathy. In the patient’s family his-
tory, there was no evidence of neurologic or severe dis-
abling diseases.
In the neurological examination, sensory deficits in

sensations of touch, temperature and vibration and weak
tendon reflexes in the distal lower extremities were de-
tected, whereas weakness and muscular atrophy were
absent. However, prominent signs of disturbance of
extrapyramidal motor function such as rigidity and Par-
kinsonian gait were observed, prompting us to initiate
dopaminergic treatment.NCS showed a primarily axonal
pattern of sensorimotor polyneuropathy, while routine
laboratory testing including cerebrospinal fluid and
onconeural antibody testing had revealed no abnormal-
ities. A biopsy of the sural nerve had shown a severe
neuropathy without providing insight into its specific
pathogenesis, and amyloid deposits had not been

detected in congo red staining (including fluorescence)
as well as in an additionally conducted salivary gland bi-
opsy. Dopamine transporter (DAT) SPECT (single pho-
ton emission computed tomography) imaging and the
patient’s response to dopaminergic treatment supported
the diagnosis of comorbid parkinson’s disease.
Molecular genetic analysis showed the well-known

amyloidogenic mutation, p.Ile127Val (Ile107Val), in exon
4 of the TTR gene, confirming diagnosis of ATTR-PN.
Cardiac involvement was verified by myocardial biopsy.
Finally, two and a half years after symptom onset, treat-
ment with tafamidis was initiated and continued for al-
most 2 years now. Molecular genetic testing revealed the
patient’s daughter to be an asymptomatic carrier of the
same amyloidogenic mutation, whereas his son had no
mutation.

Case 2
A 62-year-old female of Polish origin presented with
burning pain and tingling dysesthesias in both hands
and feet as well as progressive numbness in the distal
upper and lower extremities that she had first experi-
enced 5 years prior. Over the course of disease, she had
developed a severe gait disorder, a bladder dysfunction
and alternating episodes of constipation and diarrhoea,
the latter resulting in considerable weight loss. Her body
mass index was reduced to 18 kg/m2. The family history
was negative for similar symptoms or neurologic disor-
ders. Previously, the patient was treated with intravenous
immunoglobulins assuming an underlying inflammatory
neuropathy, as NCS results fulfilled the electrophysio-
logical EFNS/PNS (European Federation of Neurological

Fig. 1 Neuropathy subtypes (in percent)

Table 1 TTR gene variants detected in 102 patients with polyneuropathy

N = 102 p.Ile127Val p.Glu81Lys p.Gly26Ser p.Thr139Met c.337-18G > C

sensorimotor neuropathy 1 1 4 1 4

SFN – – 4 – 1

motor neuropathy – – 2 – –

sensory neuropathy – – – – –

bilateral CTS – – – – –

Sum 1 1 10 1 5

Thimm et al. Neurological Research and Practice            (2019) 1:30 Page 3 of 6



Societies/Peripheral Nerve Society) criteria for chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP). The treatment had no impact on disease pro-
gression, and even an interfering somatoform disorder
was suggested.
Physical examination revealed slight bilateral paresis of

plantar flexion (MRC 4/5), a prominent atrophy of both
quadricep muscles, most pronounced on the right side,
and distal symmetrical hypoesthesia for touch, thermal
stimuli, and vibration in the lower extremities, but pain
sensation was not impaired. Tendon reflexes in both legs
were decreased, and the patient presented with a mild
afferent gait ataxia. The upper extremities showed no
weakness and only a slight thermal hypoesthesia in both
hands and dysesthesias.
Thorough NCS revealed a severe sensorimotor poly-

neuropathy with features of both axonal damage and de-
myelination. EMG recordings did not show pathological
spontaneous activity but a high degree of polyphasic po-
tentials and a neurogenic recruitment pattern of motor
unit potentials. Using the Ewing test, a reduction in
heart rate variability indicating autonomic neuropathy
was detected. As outlined above, routine laboratory test-
ing and investigation of cerebrospinal fluid yielded no
decisive results. A rectal biopsy was negative for amyloid
deposits.
Molecular genetic analysis revealed a pathogenic mu-

tation in exon 3 of the TTR gene, p.Glu81Lys
(Glu61Lys), which was previously only reported in Japa-
nese patients [20]. One of the patient’s sons tested posi-
tive for the abovementioned amyloidogenic mutation,
and the other son refused genetic testing. Finally, with a
delay of more than 5 years from symptom onset, treat-
ment with tafamidis was initiated and continued for
approximately 4 years. Recently, the treatment was
switched to patisiran on both the patient’s wish and the
physicians recommendation based on individual

indications and contra-indications. Meanwhile a growing
cardiomyopathy was detected. (s. Figure 2).

Discussion
In our study in a German neuromuscular centre within
a metropolitan area with patients of diverse genetic
backgrounds due to migration, we demonstrated that
ATTR-PN is probably not as rare as it is often thought
to be in idiopathic polyneuropathy patients in compar-
able settings. Considering clinical red flags for ATTR-PN
such as autonomic dysfunction, weight loss and rather
rapidly progressive disease course [10, 21] as selection
criteria, positive genetic testing rates can be assumed to
be even higher. On the other hand, in case of our first
presented patient with genetically confirmed ATTR-PN
(case 1) amyloidosis was certainly not evident at first
glance as clinical presentation was partially dominated
by signs of a Parkinsonian syndrome. Furthermore, sural
nerve and salivary gland biopsy were both false nega-
tives, similar to the rectal biopsy in the second described
case (case 2) of genetically confirmed ATTR-PN. As a
consequence, the importance of molecular genetic ana-
lysis to diagnose transthyretin amyloidosis and its super-
iority over biopsy cannot be overemphasised. ATTR-PN
should be considered even in cases of idiopathic poly-
neuropathy with partially misleading symptomatology
due to the wide spectrum of possible clinical presenta-
tions [22–24], including treatment-refractory CIDP as
the most frequent misdiagnosis [25] but also less fre-
quent phenotypes such as amyotrophic lateral sclerosis-
mimicking motor neuropathy [26]. Furthermore, our re-
sults show that negative family history cannot exclude
ATTR-PN, which is in line with known epidemiologic
data revealing a positive family history in less than 50%
of all cases of late-onset ATTR-PN in non-endemic
regions [27].

Fig. 2 Cardiac amyloid PET/MRI of a patient with hereditary ATTR amyloidosis (case 2): Late gadolinium enhancement (LGE) MRI demonstrates a
thickened septal wall, diffuse LGE of the ventricular walls and contrast enhancement of the atria (left panel). On F-18 flutemetamol (Vizamyl) PET
scan, moderate to intense tracer accumulation in the right and left ventricular walls as well as in the atria was observed (middle panel). The right
panel demonstrates the overlay of amyloid PET and LGE MRI
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Our findings strongly support the notion that, at least
in non-endemic areas, proper diagnostic testing requires
sequencing of all exons of the TTR gene because of gen-
etic heterogeneity as underscored by the amyloidogenic
p.Glu81Lys point mutation in our Polish female patient
(case 2) that was previously only reported in Japanese
patients [20, 28]. Intronic variants in TTR have never
been described as disease-causing so far, which appears
reasonable considering the pathomechanisms. As regula-
tory variants cannot influence the protein stability, no
toxic gain-of-function/amyloidogenic effect is to be ex-
pected. Nonetheless, genotype-phenotype correlations
remain challenging. Even among carriers of identical
mutations within one family, clinical manifestations may
vary, possibly because of posttranslational modifications.
The main clinical features in the case of the p.Glu81Lys
mutation in the reported Japanese families were either pri-
marily late-onset sensorimotor polyneuropathy [20] or car-
diomyopathy and bilateral carpal tunnel syndrome [28],
whereas our Polish patient exhibited a mixture of neuro-
pathic and cardiac manifestations. The second detected
variant, p.Ile127Val, was previously described in American
patients of German descent [29, 30] with a predominantly
neuropathic phenotype similar to our findings.
The significance of the p.Gly26Ser variant in terms of

amyloid formation remains to be determined. There is
some evidence that in cases of bioptically confirmed
small fibre neuropathy with autonomic symptoms,
p.Gly26Ser frequency might be significantly higher, up to
40%, than in healthy controls [31], suggesting an associ-
ation between this variant and the development of neur-
opathy. On the other hand, in a cohort of TTR wild-type
cardiomyopathy patients, the p.Gly26Ser polymorphism
was found in 7% of subjects and 12% of healthy controls
[32], prompting the authors to discuss the genetic vari-
ant as a protective factor. Regarding the latter results,
the p.Gly26Ser frequency of 10% in our study is not
likely to be a risk factor for neuropathy development, al-
though to our knowledge there has not been functional
testing of amyloidogenicity of this variant.

Conclusions
In conclusion, in conurban areas in non-endemic re-
gions, molecular genetic analysis for ATTR-PN should
be considered in cases of idiopathic polyneuropathy re-
gardless of family history and biopsy results to initiate
proper treatment of a potentially life-threatening disease.

Abbreviations
ANA: Antinuclear antibodies; ANCA: Anti-neutrophil cytoplasmic antibodies;
ATTR-PN: Transthyretin hereditary amyloid polyneuropathy; CIDP: Chronic
inflammatory demyelinating polyradiculoneuropathy; DAT: Dopamine
transporter; EMG: Electromyography; HbA1c: Glycated hemoglobin;
MRC: Medical Research Council; NCS: Nerve conduction studies;
SPECT: Single photon emission computed tomography; TSH: Thyroid-
stimulating hormone; TTR: Transthyretin

Acknowledgements
Not applicable.

Authors’ contributions
AT largely collected, analysed and interpreted the data and wrote the
manuscript. SB, MF, BS, SW, AT, AC, PL and MP substantially contributed to
data acquisition. CR analysed and interpreted the imaging data. LSM
conducted the molecular genetic analyses. KH, TR, and CK revised data
interpretation and the manuscript. TH designed the work, contributed to
data acquisition, analysis and interpretation and made major contributions to
the manuscript. All authors read and approved the final manuscript.

Funding
This study was financially supported by Pfizer. PL received a research grant
from the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) (LU2139/2–1).

Availability of data and materials
The datasets analysed during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
All participants gave written informed consent to the study, which was
approved by the ethics committee of the University Duisburg-Essen,
Germany.

Consent for publication
Consent for publication was obtained from those patients whose individual
data are presented.

Competing interests
TH received travel grants and research funding for the project from Pfizer,
and AT received travel grants from Pfizer.

Author details
1Department of Neurology, University Hospital Essen, Essen, Germany.
2Department of Cardiology and Vascular Medicine, West German Heart and
Vascular Center, University Hospital Essen, Essen, Germany. 3Department of
Nuclear Medicine, University Hospital Essen, Essen, Germany. 4Institute of
Laboratory Medicine and Human Genetics, Singen, Germany. 5Department of
Hematology, University Hospital Essen, Essen, Germany. 6West-German
Amyloidosis NETwork, University Hospital Essen, Essen, Germany.

Received: 15 May 2019 Accepted: 25 July 2019

References
1. Vieira, M., & Saraiva, M. (2014). Transthyretin: A multifaceted protein.

Biomolecular Concepts, 5(1), 45–54.
2. Sekijima, Y. (2015). Transthyretin (ATTR) amyloidosis: Clinical spectrum,

molecular pathogenesis and disease-modifying treatments. Journal of
Neurology, Neurosurgery, and Psychiatry, 86, 1036–1043.

3. Tipping, K., Pv, O.-H., Hewitt, E., & Radford, S. (2015). Amyloid fibres: Inert
end-stage aggregates or key players in disease. Trends in Biochemical
Sciences, 40(12), 719–727.

4. Reixach, N., Deechongkit, S., Jiang, X., Kelly, J., & Buxbaum, J. (2004). Tissue
damage in the amyloidoses: Transthyretin monomers and nonnative
oligomers are the major cytotoxic species in tissue culture. Proceedings of
the National Academy of Sciences USA, 101(9), 2817–2822.

5. Hou, X., Parkington, H., Coleman, H., Mechler, A., Martin, L., Aguilar, M., et al.
(2007). Transthyretin oligomers induce calcium influx via voltage-gated
calcium channels. Journal of Neurochemistry, 100(2), 446–457.

6. Mankad, A., & Shah, K. (2017). Transthyretin cardiac amyloidosis. Current
Cardiology Reports, 19(10), 97.

7. Sousa, A., Coelho, T., Barros, J., & Sequeiros, J. (1995). Genetic epidemiology
of familial amyloidotic polyneuropathy (FAP)-type I in Póvoa do Varzim and
Vila Do Conde (north of Portugal). American Journal of Medical Genetics,
60(6), 512–521.

8. Olsson, M., Jonasson, J., Cederquist, K., & Suhr, O. (2014). Frequency of the
transthyretin Val30Met mutation in the northern Swedish population.
Amyloid, 21(1), 18–20.

Thimm et al. Neurological Research and Practice            (2019) 1:30 Page 5 of 6



9. Planté-Bordeneuve, V., & Said, G. (2011). Familial amyloid polyneuropathy.
Lancet Neurology, 10, 1086–1097.

10. Conceicao I, Gonzalez-Duarte A, Obici L, Schmidt H, Simoneau D, Ong M, et
al. "Red-flag" symptom clusters in transthyretin familial amyloid
polyneuropathy. Journal of the Peripheral Nervous system 2016;21:5–9.

11. Koike, H., Tanaka, F., Hashimoto, R., Tomita, M., Kawagashira, Y., Iijima, M., et
al. (2012). Natural history of transthyretin Val30Met familial amyloid
polyneuropathy: Analysis of late-onset cases from non-endemic areas.
Journal of Neurology, Neurosurgery, and Psychiatry, 83(2), 153–158.

12. Hellman, U., Alarcon, F., Lundgren, H., Suhr, O., Bonaiti-Pellié, C., & Planté-
Bordeneuve, V. (2008). Heterogeneity of penetrance in familial amyloid
polyneuropathy, ATTR Val30Met, in the Swedish population. Amyloid, 15(3),
181–186.

13. Adams, D., Lozeron, P., & Lacroix, C. (2012). Amyloid neuropathies. Current
Opinion in Neurology, 25(5), 564–572.

14. Ando, Y., Araki, S., & Ando, M. (1993). Transthyretin and familial amyloidotic
polyneuropathy. Internal Medicine, 32(12), 920–922.

15. Adams, D., Cauquil, C., Theaudin, M., Rousseau, A., Algalarrondo, V., & Slama,
M. (2014). Current and future treatment of amyloid neuropathies. Expert
Reviews of Neurotherapeutics, 14(12), 1437–1451.

16. Planté-Bordeneuve, V., Ferreira, A., Lalu, T., Zaros, C., Lacroix, C., Adams, D., et
al. (2007). Diagnostic pitfalls in sporadic transthyretin familial amyloid
polyneuropathy (TTR-FAP). Neurology, 69, 693–698.

17. Coelho, T., Merlini, G., Bulawa, C., Fleming, J., Judge, D., Kelly, J., et al. (2016).
Mechanism of action and clinical application of tafamidis in hereditary
transthyretin amyloidosis. Neurology and Therapy, 5, 1–25.

18. Adams, D., Gonzalez-Duarte, A., O'Riordan, W., Yang, C., Ueda, M., Kristen, A.,
et al. (2018). Patisiran, an RNAi therapeutic, for hereditary transthyretin
amyloidosis. New England Journal of Medicine, 379(1), 11–21.

19. Benson, M., Waddington-Cruz, M., Berk, J., Polydefkis, M., Dyck, P., Wang, A.,
et al. (2018). Inotersen treatment for patients with hereditary transthyretin
amyloidosis. New England Journal of Medicine, 379(1), 22–31.

20. Shiomi, K., Nakazato, M., Matsukura, S., Ohnishi, A., Hatanaka, H., Tsuji, S., et
al. (1993). A basic transthyretin variant (Glu61-->Lys) causes familial
amyloidotic polyneuropathy: Protein and DNA sequencing and PCR-
induced mutation restriction analysis. Biochemical and biophysical research
communications, 194(3), 1090–1096.

21. Sekijima, Y., Ueda, M., Koike, H., Misawa, S., Ishii, T., & Ando, Y. (2018).
Diagnosis and management of transthyretin familial amyloid
polyneuropathy in Japan: Red-flag symptom clusters and treatment
algorithm. Orphanet Journal of Rare Diseases, 13(6).

22. Cappellari, M., Cavallaro, T., Ferrarini, M., Cabrini, I., Taioli, F., Ferrari, S., et al.
(2011). Variable presentations of TTR-related familial amyloid
polyneuropathy in seventeen patients. Journal of the Peripheral Nervous
system, 16(2), 119–129.

23. Salvi, F., Pastorelli, F., Plasmati, R., Bartolomei, I., Dall'Osso, D., & Rapezzi, C.
(2012). Genotypic and phenotypic correlation in an Italian population of
hereditary amyloidosis TTR-related (HA-TTR): Clinical and neurphysiological
aids to diagnosis and some reflections on misdiagnosis. Amyloid, 19(Sup1).

24. Mariani, L., Lozeron, P., Théaudin, M., Mincheva, Z., Signate, A., Ducot, B., et al.
(2015). Genotype-phenotype correlation and course of transthyretin familial
amyloid polyneuropathies in France. Annals of Neurology, 78(6), 901–916.

25. Cortese, A., Vegezzi, E., Lozza, A., Alfonsi, E., Montini, A., Moglia, A., et al.
(2017). Diagnostic challenges in hereditary transthyretin amyloidosis
with polyneuropathy: Avoiding misdiagnosis of a treatable hereditary
neuropathy. Journal of Neurology, Neurosurgery, and Psychiatry, 88(5),
457–458.

26. Lozeron, P., Lacroix, C., Theaudin, M., Richter, A., Gugenheim, M., Adams, D.,
et al. (2013). An amyotropohic lateral sclerosis-like syndrome revealing an
amyloid polyneuropathy associated with a novel transthyretin mutation.
Amyloid, 20(3), 188–192.

27. Adams, D., Suhr, O., Hund, E., Obici, L., Tournev, I., Campistol, J., et al. (2016).
First European consensus for diagnosis, management, and treatment of
transthyretin familial amyloid polyneuropathy. Current Opinion in Neurology,
29(suppl 1), 14–26.

28. Noto, Y., Tokuda, T., Shiga, K., Tsuchiya, A., Yazaki, M., Matoba, S., et al. (2009).
Cardiomyopathy in a japanese family with the Glu61Lys transthyretin
variant: A new phenotype. Amyloid, 16(2), 99–102.

29. Uemichi, T., Gertz, M., & Benson, M. (1994). Amyloid polyneuropathy in two
German-American families: A new transthyretin variant (Val 107). Journal of
Medical Genetics, 1994(31), 416–417.

30. Jacobson, D., Gertz, M., & Buxbaum, J. (1994). Transthyretin Val107, a new
variant associated with familial cardiac and neuropathic amyloidosis. Human
Mutations, 3(4), 99–101.

31. Levine, T., & Bland, R. (2018). Incidence of nonamyloidogenic mutations in
the transthyretin gene in patients with autonomic and small fiber
neuropathy. Muscle & Nerve, 57(1), 140–142.

32. Sikora, J., Logue, M., Chan, G., Spencer, B., Prokaeva, T., Baldwin, C., et al.
(2015). Genetic variation of the transthyretin gene in wild-type transthyretin
amyloidosis (ATTRwt). Human Genetics, 134(1), 111–121.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Thimm et al. Neurological Research and Practice            (2019) 1:30 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient selection
	Performed examinations
	Molecular genetic analysis

	Results
	Case 1
	Case 2

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

