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Abstract
Hereditary transthyretin amyloidosis (hATTR) is a life-threatening multisystemic disease with sensory-motor peripheral neuropathy, cardiomyopathy and dysautonomia. Although the six-minute walk test (6MWT) is one of the most popular clinical tests to assess functional
exercise capacity in cardiopulmonary and neuromuscular diseases, little is known about 6MWT in evaluating hATTR patients. A prospective single-center pilot study was performed in twenty hATTR patients, comparing 6MWT with widely used outcome measures. After 18
months, fourteen patients were re-evaluated. 6MWT performance was highly related with familial amyloidotic polyneuropathy stage and
polyneuropathy disability score, and with CMT examination score, neuropathy impairment score-lower limbs and Kumamoto score. There
was no correlation with compound autonomic dysfunction test, modified body mass index and numerous indices of heart dysfunction. After
18 months, familial amyloidotic polyneuropathy stage and polyneuropathy disability score systems were not able to reveal any significant
change, whereas all other outcome measures significantly worsened. Among the outcome measures monitoring the neuropathic disturbances,
neuropathy impairment score-lower limbs showed the highest responsiveness to change (adjusted effect size: 0.79), followed by CMT examination score (0.67), Kumamoto scale (0.65), 6MWT (0.62). 10MWT showed a very small value (0.21). Compound autonomic dysfunction
test had a large value (0.91) whereas modified body mass index a small/moderate value (0.49). 6MWT is a simple and sensitive tool to
monitor neuropathic involvement but not cardiac dysfunction in hATTR course.
© 2018 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction
Hereditary transthyretin (TTR) amyloidosis (hATTR) is a
progressive multisystemic disease transmitted as an autosomal
dominant trait, characterized by axonal sensory-motor neuropathy associated with autonomic and cardiac involvement
[1,2]. If untreated, fatal outcome occurs within ten years since
the onset. Liver transplantation remained the only available
∗ Corresponding author at: UOC Neurologia e Malattie Neuromuscolari,
AOU Policlinico “G. Martino”, 98125 Messina, Italy.
E-mail address: vitag@unime.it (G. Vita).

treatment for twenty years [3], until tafamidis became in 2011
the first specific drug approved by the Regulatory Agencies
[4,5]. Very recently, two randomized, double-blind, controlled
trials testing the therapeutic efficacy of two different chemically modified oligonucleotides to treat hATTR, represent a
revolution, showing that the rate of disease progression can be
slowed, and perhaps ameliorated [6,7]. In the last few years
there has been a considerable effort to harmonize standards of
care and outcome measures (OM) in hATTR, with the aim to
know the natural history and to find sensitive tools for revealing the effects of the available treatments on multiple faces
of the disease [8–11].
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The six-minute walk test (6MWT) is one of the most popular clinical tests used for assessment of functional capacity.
It evaluates the global and integrated responses of all the
systems involved in walking, including the pulmonary and
cardiovascular systems and neuromuscular units. Because the
6MWT accurately reflects patients’ activities of daily living, it
has been applied widely for evaluation of functional exercise
capacity in neuromuscular disorders such as myotonic dystrophy [12], Pompe disease [13], Duchenne muscular dystrophy [14], diabetic neuropathies [15] and Charcot-Marie-Tooth
disease [16].
6MWT has been recently found a valuable tool to assess functional capacity and monitor changes following
chemotherapy in patients with AL cardiac amyloidosis [17–
19]. Only very few papers report the use of 6MWT in hATTR.
Apart from a case report illustrating increased walked meters on 6MWT after 6-month exercise training program in
a liver transplanted patient [20], 6MWT distance has been
found reduced in liver transplanted patients versus normal
controls [21], and increased in patients with TTR amyloid
cardiomyopathy (both hereditary and wild type forms) after
12-month treatment with an IONIS antisense oligonucleotide
[22].
The aim of our study was to evaluate the validity of the
6MWT as clinical tool reflecting patients’ neuropathic and
cardiac involvement in a cohort of hATTR patients.

2. Patients and methods
Twenty consecutive patients with hATTR, who came for
clinical evaluation at Messina University Hospital Amyloidosis Centre, were recruited to participate in this study. Inclusion criteria were: (i) presence of peripheral neuropathy,
(ii) unaided or aided ambulation at 6MWT for any distance. They were 14 men and 6 women, aged 49–78 years
(mean ± SD; 61.3 ± 9.7). They carried the following TTR
mutations: Glu89Gln (n. 11), Phe64Leu (n. 7), Thr49Ala
(n. 2). Duration of the disease ranged from 2 to 20 years
(mean ± SD; 7.6 ± 4.9). Thirteen patients were on treatment
with tafamidis and one had received liver transplantation.
They belonged to FAP stage 1 (n. 14) and stage 2 (n. 6)
[23]. Polyneuropathy Disability (PND) score [24] was as follows: PND I (n. 6), II (n. 8), IIIa (n. 4), IIIb (n. 2). Local
ethics committee approval was obtained and all patients gave
written informed consent.
The 6MWT was performed according to the guidelines
provided by the American Thoracic Society [25]. The evaluator instructed patient to walk at his/her own pace while
attempting to cover as much distance as possible during the
allotted time. During the test, patients were allowed to rest
or stop and then continue as soon as they could resume the
walk. At the completion of six minutes, the patient was told to
“stop” and the distance covered was recorded. If needed, patient could use any ambulation support (cane, stick, crutches).
The 6MWT was performed along a long, flat, straight, enclosed corridor with turnaround points at an interval of 25 m.

The 6MWT distance was compared with already validated
OMs previously used in hATTR patients, specifically:
– Timed 10-meter walk test (10MWT) assesses functional
mobility and walking speed in meters per second over a
short duration. It sets a total distance of 14 m, marked at
the beginning and end 2 m with tape, and the subject makes
a 14-m distance from the sign “start”. Time is measured
except beginning and end 2 m for acceleration and deceleration. A lower value indicates a slower gait speed [6].
– CMT Examination Score (CMTES), version 2 (range 0–
28, 0 is normal), is a 7-item composite impairment and
disability scale, which comprises motor and sensory symptoms and signs [26].
– Neuropathy Impairment Score-Lower Limbs (NIS-LL) (0–
88 points, 0 is normal) has been developed by Mayo
Clinic: the scale captures clinically meaningful changes in
neurological function including muscle weakness, reflexes,
sensation [27].
– Kumamoto scale is a 14-item composite score, ranging
from 0 (normal) to 96 points, which entails sensory disturbances, motor weakness, autonomic dysfunction and visceral organ impairment [28].
– Compound Autonomic Dysfunction Test (CADT) is a
questionnaire developed to evaluate the main symptoms
of autonomic dysfunction observed in hATTR. The test
includes five items, each ranging from 0 (severe dysfunction) to 4 (normal). Normal score is 16 in women and 20
in men [29].
– Modified Body Mass Index (mBMI), calculated by multiplying BMI (kg/m2 ) by serum albumin concentration (g/L)
to compensate for possible oedema [30].
Cardiac involvement was evaluated by a cardiologist with
expertise in amyloidosis, by using a combination of consensus criteria and diagnostic tools including New York Heart
Association (NYHA) class, electrocardiography, Dopplerechocardiography with measurement of left inter-ventricular
septal (IVS) thickness and diastolic function by E/A and E/E
ratio. IVS thickness >12 mm is considered diagnostic of amyloid heart involvement and an increase of IVS ≥ 2 mm defines
the presence of cardiac disease progression, as indexed by International Society of Amyloidosis criteria [31,32]. In normal
individuals the E/E ratio is ≤8 and increases in the presence
of diastolic dysfunction. An E/E ratio ≥15 is highly suggestive of elevated filling pressures [33]. Serum brain natriuretic peptide (BNP) and N-terminal pro-hormone BNP (NTproBNP) were also used as biomarkers of cardiac dysfunction.
After 18 (range 15–21) months since the baseline examination, fourteen patients were re-evaluated (three patients had
deceased and three had lost the ability to walk).
Statistical analysis was performed by GraphPad Prism, version 7.00 (GraphPad Software, La Jolla, CA, USA). The relationship between variables was studied using non-parametric
Spearman correlation test. Graphs indicate mean and error
with 95% confidence interval. Comparison between groups
was performed by Mann–Whitney test for unpaired data
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Fig. 1. Spearman correlation of 6MWT distance in meters versus FAP stage (A), PND score (B), CMTES (C) and NIS-LL (D). Graphs indicate mean and
error with 95% confidence interval.

and by Wilcoxon matched-pairs signed rank test. Results
are expressed as mean ± standard deviation (SD). A level of
significance of p < 0.05 was considered. Responsiveness of
6MWT and other OMs was assessed by calculating the standardized response mean (SRM) as the mean baseline-to-18month change in score divided by the SD of the individual’s score change. The SRM threshold levels were defined
as follows: ‘trivial’ (<0.20), ‘small’ (≥0.20<0.50), ‘moderate’ (≥0.50<0.80), or ‘large’ (≥0.80) [34]. To avoid over- or
underestimation of magnitude of the change over time, adjusted effect size (ES) was calculated with the formula: SRM
∗
2 ∗ (1−r), where r = the correlation between the measure
at baseline and after 18 months [35,36].
3. Results
At baseline, distance covered at 6MWT ranged between
30 and 540 m (mean ± SD; 245.5 ± 129.7). 6MWT showed
a significant inverse correlation with FAP stage (r: −0.757,
p = 0.0001), PND score (r: −0.681, p = 0.0009), CMTES

(r: −0.705, p = 0.0005) and NIS-LL (r: −0.671, p = 0.0012)
(Fig. 1). Distance in meters covered on 6MWT also correlated
with gait speed on 10MWT expressed in m/sec (r: 0.737,
p = 0.0002) and in an inverse direction with Kumamoto score
(r: −0.778, p < 0.0001), but neither CADT nor mBMI showed
any statistically significant correlation (Fig. 2).
15/20 patients were classified as NYHA class II
and 5/20 as NYHA class III. 18/20 patients presented an IVS thickness >12 mm, and 12/20 ≥ 15 mm.
11/20 patients had an E/E ratio > 8, 10/20 > 12, and
6/20 ≥ 15. No correlation was found between 6MWT and
measures of cardiac involvement, including NYHA class,
IVS thickness, E/A and E/E ratios, serum BNP and NTproBNP. Moreover, 6MWT differed between patients divided
in two subgroups neither according to NYHA class II and
III, IVS thickness ≤ and > 12 mm or in the range 13–14 mm
and ≥ 15 mm, nor according to E/E ratio ≤ and > 8, 12 or 15.
When 14 patients were re-evaluated after 18 months, FAP
stage, PND score and 10MWT were not able to reveal any
significant change (Fig. 3). Individually, FAP stage remained
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Fig. 2. Spearman correlation of 6MWT distance in meters versus 10MWT (m/sec) (A), Kumamoto score (B), CADT (C) and mBMI (D). Graphs indicate
mean and error with 95% confidence interval.

stable in all patients except one who showed a shift from
1 to 2. The same patient had a shift of PND score from
I to IIIa and three other patients shifted from IIIa to IIIb.
Distance in meters covered on 6MWT significantly reduced
(229.7 ± 101 vs 171.8 ± 120; p = 0.0081), with a parallel
significant increase of CMTES (8.6 ± 6.7 vs 13.1 ± 7.4;
p = 0.0002), NIS-LL (25.9 ± 16.7 vs 34.7 ± 19.2; p = 0.0347)
and Kumamoto score (21.5 ± 7.9 vs 29.4 ± 14.6; p = 0.0115),
confirming an augmented disability (Fig. 4A–D).
Interestingly, relying on the previous studies [37,38], five
patients on tafamidis could be defined as responders to treatment as NIS-LL ≤ 2 between baseline and reassessment
after 18 months. All five responders showed a walked
distance at 6MWT ± 15 m, confirming the disease course
stabilization also with the new test. As a mean, CADT significantly reduced (15.4 ± 2.5 vs 13.1 ± 3.6; p = 0.0059), proving
a worsening of autonomic dysfunction (Fig. 4E). mBMI also
significantly decreased (1090.5 ± 238.2 vs 1024.7 ± 276.1;
p = 0.0067) (Fig. 4F). Table 1 shows correlation between

6MWT and the delta of the other OMs. A statistical significance was found with CMTES, NIS-LL, Kumamoto
score and CADT.
Among the OMs monitoring the neuropathic disturbances,
NIS-LL showed the highest responsiveness to change (adjusted ES = 0.79), followed by CMTES (0.67), Kumamoto
scale (0.65), 6MWT (0.62), all in the ‘moderate effect’ range.
10MWT showed a very small value (0.21). CADT had a
‘large effect’ value (0.91), whereas mBMI was in the ‘small
effect’ range (0.49). FAP stage showed a ‘trivial effect’ value
(0.14), and PND score a value just over the ‘trivial-small’
cut-off (0.28) (Table 2).
4. Discussion
The 6MWT is a widely used measure of functional
exercise capacity in patients with cardiopulmonary diseases,
and also considered a surrogate endpoint in many systolic
heart failure drug trials for a long time [39]. In both AL
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and TTR amyloid cardiomyopathy, 6MWT has been implemented very recently to investigate presence and degree of
heart dysfunction but with no detailed analysis on the neuropathic involvement [17–19,22]. So, our study is the first to
explore the correlation between 6MWT and the multiple organ
dysfunction in hATTR patients. First of all, 6MWT resulted
highly correlated with both FAP stage and PND score which
are functional, albeit gross, measures of disease severity. The
6MWT showed also an excellent correlation with composite
scales capturing neuropathic dysfunction such as CMTES and
NIS-LL but no correlation with 10MWT. We chose the two
former OMs, excluding the corresponding CMT Neuropathy
Score and NIS + 7 which include instrumental neurophysiological data, with the aim to have tools entirely depending on
clinical symptoms and signs. Indeed, better functional capacity corresponds with less disability and impairment and higher
motor performance [11]. Our results show that the 6MWT
may have great utility in assessing the functional neuropathic
status of hATTR patients although we must admit that it captures only a short amount of time in the clinic and it does
not directly measure everyday activity.

Regarding dysautonomia, 6MWT correlated with Kumamoto score but not with CADT. The explanation is that
the former includes autonomic dysfunction but also sensory
and motor disturbances, whereas the latter is a pure autonomic
test. hATTR is a multi-organ and multi-symptom disease that
may present with sensory-motor peripheral neuropathy, autonomic neuropathy with impotence and orthostatic hypotension, cardiomyopathy, gastrointestinal impairment, and other
less frequent disturbances. More than one hundred twenty mutations have been identified and, whereas the symptoms described may be present in patients with different mutations,
phenotypes are not always uniform, and the same mutation
may have varied phenotypes even within the same family [2].
The three mutations carried by our patients have heterogeneous phenotypes: (i) Glu89Gln mutation, the most frequent
in our cohort, is characterized by severe heart involvement
and moderate peripheral neuropathy and dysautonomia; (ii)
Phe64Leu mutation is marked by severe peripheral neuropathy, moderate dysautonomia and mild cardiomyopathy; (iii)
Thr49Ala is distinguished by severe autonomic disturbances,
moderate polyneuropathy and cardiomyopathy [40,41]. So,
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the lack of correlation at baseline between 6MWT and
CADT is not surprising at all, since neuropathy and dysautonomia may vary in occurrence and degree in individual
patients.
When 14 out of 20 patients at baseline were re-assessed
after 18 months, the aim was to document neither the disease natural history nor the changes after treatment, since
thirteen subjects were on tafamidis whereas one transplanted
and six in FAP stage 2 had no access to the drug according
to Italian Drug Regulatory Agency, but to verify the sensibility to change of 6MWT and other OMs widely used in
hATTR. 6MWT performed well and its delta correlated with

changes in CMTES, NIS-LL and Kumamoto score. A parallel
decrease was also found between walked distance at 6MWT
and CADT score indicating augmented dysautonomia. The
use of 6MWT is simple and easy, it may be recommended to
longitudinally monitor the neuropathic involvement in hATTR
patients. The test resulted effective in revealing worsening as
well as stabilization of the neuropathic course of the disease.
The availability of different treatments from tafamidis to the
innovative drugs, inotersen and patisiran [6,7] recently approved by the Committee for Medicinal Products for Human
Use of European Medicines Agency, makes it necessary to
have now sensitive and easy-to-perform tools reflecting the
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Table 1
function, when both are present in the
Correlation between 6MWT and the delta of other OMs (baseline versus
reassessment after 18 months).
Such information may lead to improve

FAP stage
PND score
10MWT
CMTES
NIS-LL
Kumamoto score
CADT
mBMI
NYHA class
IVS thickness
E/A ratio
E/E ratio

Spearman
correlation r

Significance
(p value)

−0.3784
−0.4934
0.1545
−0.6467
−0.6674
−0.8
0.6861
−0.0197
0
0.2109
0.4851
−0.137

NS
NS
NS
0.0146
0.0110
0.0009
0.0083
NS
NS
NS
NS
NS

Table 2
Sensitivity to change of OMs between baseline and after 18 months.

FAP stage
PND
score∗
10MWT
6MWT
CMTES
NIS-LL
Kumamoto
score
CADT
mBMI

Spearman
correlation r

Mean
change

SDchange

SRM

Adjusted
ES

0.8607
0.8803

0.07
0.36

0.27
0.63

0.27
0.56

0.14
0.28

0.9746
0.8647
0.899
0.7646
0.8049

0.07
64.64
4.50
12.84
9.64

0.08
54.34
3.01
11.01
9.27

0.93
1.19
1.50
1.17
1.04

0.21
0.62
0.67
0.79
0.65

0.5035
0.9121

2.36
77.18

2.59
66.02

0.91
1.17

0.91
0.49

SRM: standardized response mean; ES: Effect size.
∗ For calculation, PND score was converted as follows: I = 1; II = 2;
IIIa = 3; IIIb = 4.

daily life activity to monitor the disease course, identify responders and non-responders and accordingly modify treatment program.
On the contrary, 6MWT did not appear a good test to follow the cardiac involvement in our patients. Although it is
widely use in cardiological diseases and recently also in AL
and TTR amyloid cardiomyopathy [17–19,22], lack of correlation between 6MWT and hATTR heart dysfunction may
be explained by concomitant peripheral nerve and heart involvements with a prevalent role of neuromuscular system
in influencing the walked distance during six minutes. This
hypothesis is also supported by the much lower distance covered at 6MWT by our patients (245.5 ± 129.7 at baseline in
n. 20; 172.3 ± 120.1 at re-assessment in n. 14) in comparison
to that reported in hATTR cardiomyopathy (442.56 ± 77.22)
[22] and in AL amyloidosis (368 ± 105 in subjects with cardiac involvement and 420 ± 116 without cardiac involvement)
[18].
In conclusion, our pilot study revealed that 6MWT is sensitive to detect worsening as well as stabilization in the hATTR
course regarding neuropathic involvement but not cardiac dys-
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clinical phenotype.
the design of future clinical trials. Further multicentre study on larger cohort
including different TTR mutations and phenotypes are needed
to confirm its efficacy in monitoring multiorgan course and
changes after treatments.
Acknowledgment
Funding: This work was supported by Telethon Foundation
(GUP15010).
References
[1] Planté-Bordeneuve V, Said G. Familial amyloid polyneuropathy. Lancet
Neurol 2011;10(12):1086–97.
[2] Ando Y, Coelho T, Berk JL, Cruz MW, Ericzon BG, Ikeda S,
et al. Guideline of transthyretin-related hereditary amyloidosis for clinicians. Orphanet J Rare Dis 2013;8:31.
[3] Ericzon BG, Wilczek HE, Larsson M, Wijayatunga P, Stangou A,
Pena JR, et al. Liver transplantation for hereditary transthyretin amyloidosis: after 20 years still the best therapeutic alternative? Transplantation
2015;99(9):1847–54.
[4] Coelho T, Maia LF, Martins da Silva A, Waddington Cruz M, Planté-Bordeneuve V, Lozeron P, et al. Tafamidis for transthyretin familial amyloid polyneuropathy: a randomized, controlled trial. Neurology
2012;79(8):785–92.
[5] Coelho T, Maia LF, da Silva AM, Cruz MW, Planté-Bordeneuve V,
Suhr OB, et al. Long-term effects of tafamidis for the treatment of transthyretin familial amyloid polyneuropathy. J Neurol
2013;260(11):2802–14.
[6] Adams D, Gonzalez-Duarte A, O’Riordan WD, Yang CC, Ueda M,
Kristen AV, et al. Patisiran, an RNAi therapeutic, for hereditary
transthyretin amyloidosis. N Engl J Med 2018;379(1):11–21.
[7] Benson MD, Waddington-Cruz M, Berk JL, Polydefkis M, Dyck PJ,
Wang AK, et al. Inotersen treatment for patients with hereditary
ransthyretin amyloidosis. N Engl J Med 2018;379(1):22–31.
[8] Adams D, Coelho T, Obici L, Merlini G, Mincheva Z, Suanprasert N,
et al. Rapid progression of familial amyloidotic polyneuropathy: a multinational natural history study. Neurology 2015;85(8):675–82.
[9] Adams D, Suhr OB, Hund E, Obici L, Tournev I, Campistol JM,
et al. First European consensus for diagnosis, management, and treatment of transthyretin familial amyloid polyneuropathy. Curr Opin Neurol 2016;29(Suppl 1):S14–26.
[10] Parman Y, Adams D, Obici L, Galán L, Guergueltcheva V, Suhr OB,
et al. Sixty years of transthyretin familial amyloid polyneuropathy
(TTR-FAP) in Europe: where are we now? A European network approach to defining the epidemiology and management patterns for TTR–
FAP. Curr Opin Neurol 2016;29(Suppl 1):S3–S13.
[11] Cortese A, Vita G, Luigetti M, Russo M, Bisogni G, Sabatelli M,
et al. Monitoring effectiveness and safety of Tafamidis in transthyretin
amyloidosis in Italy: a longitudinal multicenter study in a non-endemic
area. J Neurol 2016;263(5):916–24.
[12] Kierkegaard M, Tollbäck A. Reliability and feasibility of the six minute
walk test in subjects with myotonic dystrophy. Neuromuscul Disord
2007;17(11-12):943–9.
[13] Wokke JH, Escolar DM, Pestronk A, Jaffe KM, Carter GT, van den
Berg LH, et al. Clinical features of late-onset Pompe disease: a prospective cohort study. Muscle Nerve 2008;38(4):1236–45.
[14] McDonald CM, Henricson EK, Han JJ, Abresch RT, Nicorici A, Elfring GL, et al. The 6-minute walk test as a new outcome measure in
Duchenne muscular dystrophy. Muscle Nerve 2010;41(4):500–10.
[15] Novak P, Burger H, Marincek C, Meh D. Influence of foot
pain on walking ability of diabetic patients. J Rehabil Med 2004;
36(6):249–52.

220

G.L. Vita, C. Stancanelli and L. Gentile et al. / Neuromuscular Disorders 29 (2019) 213–220

[16] Padua L, Pazzaglia C, Pareyson D, Schenone A, Aiello A, Fabrizi GM,
et al. Novel outcome measures for Charcot-Marie-Tooth disease: validation and reliability of 6-min walk test and StepWatchTM activity monitor
and identification of the walking features related to higher quality of life.
Eur J Neurol 2016;23(8):1343–50.
[17] Decker I, Goodman SA, Phillips SE, Lenihan DJ, Cornell RF. The
six-minute walk test is a valuable measure of functional change following chemotherapy for AL (light-chain) cardiac amyloidosis. Br J
Haematol 2017;177(3):481–3.
[18] Pulido V, Doros G, Berk JL, Sanchorawala V. The six-minute walk
test in patients with AL amyloidosis: a single centre case series. Br J
Haematol 2017;177(3):388–94.
[19] Flatman K, Foard D, Pyart E, Hughes G, Gaudia R, Kearney C,
et al. Six-minute walk test (6MWT) in AL amyloidosis - baseline and
12-month follow-up after chemotherapy. Amyloid 2017;24(sup1):62–3.
[20] Tomás MT, Santa-Clara H, Monteiro E, Barroso E, Sardinha LB. Effects of an exercise training program in physical condition after liver
transplantation in familial amyloidotic polyneuropathy: a case report.
Transplant Proc 2011;43(1):257–8.
[21] Tomás MT, Santa-Clara MH, Monteiro E, Baynard T, EÁ Carnero,
Bruno PM, et al. Body composition, muscle strength, functional capacity, and physical disability risk in liver transplanted familial amyloidotic
polyneuropathy patients. Clin Transplant 2011;25(4):E406–14.
[22] Benson MD, Dasgupta NR, Rissing SM, Smith J, Feigenbaum H. Safety
and efficacy of a TTR specific antisense oligonucleotide in patients with
transthyretin amyloid cardiomyopathy. Amyloid 2017;24(4):219–25.
[23] Coutinho P, Martins da Silva A, Lopes Lima J, Resende Barbosa A.
Forty years of experience with type I amyloid neuropathy. Review of
483 cases. In: Glenner GG, Pinho e Costa P, de Falcao Freitas A, editors. Amyloid and amyloidosis. Amsterdam: Excerpta Medica; 1980.
p. 88–98.
[24] Berk JL, Suhr OB, Obici L, Sekijima Y, Zeldenrust SR, Yamashita T,
et al. Repurposing diflunisal for familial amyloid polyneuropathy: a randomized clinical trial. JAMA 2013;310(24):2658–67.
[25] ATS committee on proficiency standards for clinical pulmonary function laboratories. ATS statement: guidelines for the six-minute walk test.
Am J Respir Crit Care Med 2002;166(1):111–17.
[26] Murphy SM, Herrmann DN, McDermott MP, Scherer SS, Shy ME,
Reilly MM, et al. Reliability of the CMT neuropathy score (second version) in Charcot-Marie-Tooth disease. J Peripher Nerv Syst
2011;16(3):191–8.
[27] Dyck PJ, Davies JL, Litchy WJ, O’Brien PC. Longitudinal assessment
of diabetic polyneuropathy using a composite score in the Rochester
diabetic neuropathy study cohort. Neurology 1997;49(1):229–39.
[28] Tashima K, Ando Y, Terazaki H, Yoshimatsu S, Suhr OB, Obayashi K,
et al. Outcome of liver transplantation for transthyretin amyloidosis:
follow-up of Japanese familial amyloidotic polyneuropathy patients. J
Neurol Sci 1999;171(1):19–23.

[29] Denier C, Ducot B, Husson H, Lozeron P, Adams D, Meyer L,
et al. A brief compound test for assessment of autonomic and sensory-motor dysfunction in familial amyloid polyneuropathy. J Neurol
2007;254(12):1684–8.
[30] Suhr OB, Conceição IM, Karayal ON, Mandel FS, Huertas PE, Ericzon B-G. Post hoc analysis of nutritional status in patients with
transthyretin familial amyloid polyneuropathy: impact of tafamidis. Neurol Ther 2014;3(2):101–12.
[31] Rapezzi C, Merlini G, Quarta CC, Riva L, Longhi S, Leone O,
et al. Systemic cardiac amyloidoses: disease profiles and clinical courses
of the 3 main types. Circulation 2009;120(13):1203–12.
[32] Cariou E, Bennani Smires Y, Victor G, Robin G, Ribes D, Pascal P,
et al. Diagnostic score for the detection of cardiac amyloidosis in patients with left ventricular hypertrophy and impact on prognosis. Amyloid 2017;24(2):101–9.
[33] Di Bella G, Pizzino F, Minutoli F, Zito C, Donato R, Dattilo G,
et al. The mosaic of the cardiac amyloidosis diagnosis: role of imaging in subtypes and stages of the disease. Eur Heart J Cardiovasc Imag
2014;15(12):1307–15.
[34] Cohen J. Statistical power analysis for the behavioural sciences. New
York: Academic Press Inc; 1977.
[35] Middel B, van Sonderen E. Statistical significant change versus relevant or important change in (quasi) experimental design: some conceptual and methodological problems in estimating magnitude of intervention-related change in health services research. Int J Integr Care
2002;2:e15.
[36] Middel B, van Sonderen E. Erratum. Int J Integr Care 2008;8:e72.
[37] Merlini G, Planté-Bordeneuve V, Judge DP, Schmidt H, Obici L, Perlini S, et al. Effects of tafamidis on transthyretin stabilization and clinical outcomes in patients with non-Val30Met transthyretin amyloidosis.
J Cardiovasc Trans Res 2013;6(6):1011–20.
[38] Planté-Bordeneuve V, Gorram F, Salhi H, Nordine T, Ayache SS, Le
Corvoisier P, et al. Long-term treatment of transthyretin familial amyloid polyneuropathy with tafamidis: a clinical and neurophysiological
study. J Neurol 2017;264(2):268–76.
[39] Olsson LG, Swedberg K, Clark AL, Witte KK, Cleland JG. Six minute
corridor walk test as an outcome measure for the assessment of treatment in randomized, blinded intervention trials of chronic heart failure:
a systematic review. Eur Heart J 2005;26(8):778–93.
[40] Di Bella G, Minutoli F, Mazzeo A, Vita G, Oreto G, Carerj S, et al. MRI
of cardiac involvement in transthyretin familial amyloid polyneuropathy.
AJR Am J Roentgenol 2010;195(6):W394–9.
[41] Mazzeo A, Russo M, Di Bella G, Minutoli F, Stancanelli C, Gentile L,
et al. Transthyretin-related familial amyloid polyneuropathy (TTR-FAP):
a single-center experience in Sicily, an Italian endemic area. J Neuromuscul Dis 2015;2(s2):S39–48.

