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Abstract

Introduction Hereditary transthyretin amyloidosis with polyneuropathy (ATTRv-PN) remains a diagnostic challenge due
to clinical, neurophysiological, and laboratory findings suggestive of other diagnoses, particularly chronic inflammatory
demyelinating polyneuropathy (CIDP). In this cross-sectional prospective study, we aimed to investigate the utility of high-
resolution ultrasonography of peripheral nerves as a diagnostic tool to differentiate ATTRv-PN from CIDP.

Methods In 11 treatment-naive patients with genetically confirmed late-onset ATTRv-PN and 25 patients with CIDP, we
collected clinical, electrodiagnostic, and high-resolution ultrasonography data of the peripheral nerves. In each patient, we
used high-resolution ultrasonography to assess 26 nerve sites.

Results Of the 11 patients with ATTRv-PN, two had electrodiagnostic study data compatible with a CIDP diagnosis. High-
resolution ultrasonography showed that the cross-sectional area of the brachial plexus, median nerve at the axilla, arm, and
forearm, ulnar nerve at the forearm, and peroneal nerve at the popliteal fossa were significantly smaller in the 11 ATTRv-
PN patients than in CIDP patients. However, in the two patients with electrodiagnostic study data compatible with a CIDP
diagnosis, high-resolution nerve ultrasonography data were comparable to those in patients with CIDP.

Conclusion Although high-resolution ultrasonography of peripheral nerves provides reliable information in patients with
ATTRV-PN, its usefulness as a standalone diagnostic tool to differentiate ATTRv-PN from CIDP might be limited.

Keywords High-resolution ultrasonography - Hereditary transthyretin amyloidosis with polyneuropathy - ATTRv-PN -
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Introduction

Hereditary transthyretin amyloidosis with polyneuropathy
(ATTRv-PN) due to TTR gene mutations is a rare auto-

Luca Le(?nardi and Giuseppe Di Pietro contributed equally to the somal dominant disease with an estimated prevalence of
manuscript. 1/1,000,000 [1]. In endemic areas, ATTRv-PN usually pre-
04 Luca Leonardi sents as an early-onset length-dependent sensorimotor neu-

luca.leonardi @uniromal..it ropathy with autonomic involvement associated with posi-

tive family history [2]. In non-endemic areas, ATTRv-PN is
frequently associated with late onset, male predominance,
early large fibre involvement with mild autonomic impair-
ment, and often no family history [3, 4]. ATTRv-PN there-
fore manifests with a wide variety of clinical presentations,
Scientific Institute for Research, Hospitalization ranging from conventional length-dependent neuropathy to

and Healthcare (IRCCS), Istituto Neurologico Mediterraneo a non—length—dependent distribution of Symptoms and signs.
(INM) Neuromed, 86077 Pozzilli, Italy In patients with clinical evidence of non-length-dependent

Department of Neuroscience, Mental Health and Sensory
Organs (NESMOS), Sapienza University of Rome,
Sant’Andrea Hospital, 1035-39 Grottarossa St., Rome, Italy

Department of Human Neuroscience, Sapienza University
of Rome, Rome, Italy

@ Springer


http://orcid.org/0000-0002-1267-864X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-021-05749-3&domain=pdf

3388

Neurological Sciences (2022) 43:3387-3394

neuropathy distribution, occasional findings of demyelinat-
ing features on nerve conduction studies, albuminocyto-
logical dissociation on cerebrospinal fluid examination, and
the lack of amyloid deposition in tissue biopsies may lead
to misdiagnosis with demyelinating neuropathies, such as
chronic inflammatory demyelinating polyneuropathy (CIDP)
[5-7]. Misdiagnosis of late-onset ATTRv-PN is one of the
main causes of diagnostic delay. Diagnostic delay ranges
from 3 to 5 years, a significant amount of time considering
the average survival of 612 years from symptom onset [8]
and the recent availability of effective disease-modifying
treatment options [2].

High-resolution ultrasound (HRUS) of peripheral nerves
is a non-invasive, radiation-free, and easy-to-perform tech-
nique, and is currently considered a useful tool to support
the diagnosis of peripheral neuropathies [9, 10]. In patients
with CIDP [11, 12], HRUS commonly shows an increase
in the nerve cross-sectional area (CSA) at non-entrapment
sites, predominantly proximal sites. Similarly, nerve CSA
enlargement at proximal sites has been reported in patients
with ATTRv-PN [13-17].

Limited information is currently available on how HRUS
findings might contribute to the diagnosis of late-onset
ATTRv-PN and whether these abnormalities might be useful
to distinguish between ATTRv-PN and CIDP. More infor-
mation on HRUS abnormalities in patients with ATTRv-PN
may reduce diagnostic delay and hasten the administration of
effective disease-modifying treatment options [2].

In this cross-sectional prospective study, we used HRUS
of peripheral nerves to identify specific HRUS abnormalities
in patients with ATTRv-PN and CIDP and verify whether
these abnormalities may help distinguish the two peripheral
neuropathies.

Methods
Patients

In this prospective study, we included consecutive patients
with a genetically confirmed diagnosis of ATTRv-PN and
patients with CIDP attending the Neuromuscular and Rare
Disease Centre of Sant’Andrea Hospital, Rome from Febru-
ary 2015 to February 2020. We diagnosed ATTRv-PN based
on symptoms or signs and nerve conduction study abnor-
malities in association with genetic test confirmation (Val-
30Met and non-Val30Met mutations of the T7TR gene). We
diagnosed CIDP according to the criteria of the European
Federation of Neurological Societies (EFNS) and Periph-
eral Nerve Society (PNS) [18]. Exclusion criteria were age
under 18 years, central nervous system disease, cognitive
disturbances, or psychiatric disorders as assessed with
clinical history and examination. Neuropathies other than
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ATTRv-PN and CIDP were excluded through a complete
clinical and laboratory assessment [19]. All patients under-
went an extensive electrodiagnostic investigation, including
motor and sensory conduction study of median, ulnar, sural,
peroneal, and tibial nerves. Based on electrodiagnostic study
findings and EFNS/PNS criteria, peripheral neuropathy was
classified as “neuropathy with” or “without demyelinating
features” [18]. Disease severity was assessed in all patients
by Medical Research Council (MRC)-80 and polyneurop-
athy disability (PND) scores. MRC-80 was calculated by
summing the MRC score of arm abductors, elbow flexors,
wrist extensors, first dorsal interosseous, hip flexors, knee
extensors, foot dorsiflexors, and the extensor hallucis longus
on both sides. PND was scored as stage 0: no impairment;
stage I: sensory disturbances but preserved walking capabil-
ity; stage II: impaired walking capability but ability to walk
without a stick or crutches; stage IIIA: walking only with the
help of one stick or crutch; stage IIIB: walking with the help
of two sticks or crutches; and stage IV: confined to a wheel-
chair or bedridden [4]. In ATTRv-PN patients, we assessed
the Neuropathy Impairment Score (NIS). NIS was calculated
by the composite score of clinical impairments (weakness,
reflex loss, and sensory loss) of 37 neuromuscular items on
both sides, with a higher score indicating greater impairment
[20]. A historical cohort of healthy subjects enrolled from
our working facilities were used as normal controls to collect
normative ranges of nerve CSA [11]. These CSA normative
ranges were used to identify CSA abnormalities in the two
groups of patients.

The study was approved by the local institutional review
board. Written informed consent to participate was obtained
from all participants.

Ultrasound evaluation

HRUS (General Electric Voluson E6 imaging system, GE
Healthcare, Waukesha, W1, broadband linear transducer with
frequency band 10-18 MHz), clinical assessment, and elec-
trodiagnostic investigation were performed the same day.
Three operators (ADP, GDP, and LL) blinded to clinical and
neurophysiological examinations performed HRUS, while
a fourth operator (LF) collected and matched the clinical
records and HRUS data. In each patient, we investigated the
nerve CSA of 26 nerve sites. The brachial plexus, median,
ulnar, and peroneal nerves were scanned on both sides at
the supraclavicular space, axilla, arm, elbow, forearm, wrist,
popliteal fossa, and fibular head. Quantitative evaluation
consisted of CSA measurement at the largest nerve point
using the ellipse technique, or area tracing when the nerve
had an irregular shape. For each patient, we considered a
total number of nerve segment alterations calculated as the
numerical sum of the detected enlarged sites considering
plexus, axilla, arm, forearm, and popliteal fossa bilaterally.
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Nerve CSA at common entrapment sites (ulnar nerve at the
elbow, ulnar and median nerves at the wrist, and peroneal
nerve at the fibular head) was excluded from the assessment
of the total number of nerve segments alterations to avoid
confounding factors. To provide as objective an assessment
as possible, we did not consider nerve trunk echogenicity in
statistical analysis. Power Doppler sonography quantifying
nerve vascularization was not performed.

Statistical analysis

In the statistical analysis, we considered each scanned seg-
ment on its own. Since most variables had a non-normal
distribution, as assessed with the Kolmogorov-Smirnov test,
we used non-parametric tests.

Correlation between clinical variables (disease duration,
MRC-80, PND, NIS) and the total number of nerve segments
with HRUS alterations was assessed by Spearman’s test. We
used the chi-square test to estimate frequency distribution
differences in ordinal variables, and the Mann-Whitney test
to assess differences in continuous variables between the
two groups of patients. Two-sided p values were considered
significant if <0.05 in all the analyses. We used GraphPad
Prism 8.4 (GraphPad Software, Inc., San Diego, CA) for
statistical analysis.

Results
Characteristics of ATTRv-PN patients

We included 11 patients with ATTRv-PN (8 males, 3
females) aged from 62 to 76 years (median 68 years, inter-
quartile range (IQR) 67-75). Age at disease onset ranged
from 60 to 73 years (median 65.5 years, IQR 61.5-72), while
age at diagnosis ranged from 61 to 75 years (median 66.5
years, IQR 63.5-72). Disease duration ranged from 2 to 5
years (median 4 years, IQR 3-5). All patients were treatment
naive. Six patients were scored as PND stage I (n 3,4, 5, 8,
9, 11), while 5 were scored as PND stage I (n 1, 2, 6, 7, 10).
MRC-80 ranged from 56 to 80 (median 70, IQR 70-78), NIS
ranged from 0 to 79.25 (median 43, IQR 0-55.25) (Table 1).

Although electrodiagnostic study showed that several
patients had isolated or multiple abnormalities compatible
with demyelination (i.e. slowed motor conduction velocity,
delayed F-wave, compound motor action potential disper-
sion), these abnormalities fulfilled CIDP diagnostic criteria
in only two patients.

Regardless of electrodiagnostic study findings, nerve
CSA of median and ulnar nerves at the axilla and arm was
significantly larger in patients than in healthy controls
(p<0.001), while it was similar in patients and healthy
controls at the forearm, both at median (p=0.959) and

Table 1 Demographic and clinical characteristics of studied patients

ATTRv-PN (n=11) CIDP (n=25) p

Age, yr 68 (67-75) 63 (49.5-69.5) 0.01
Sex M:F 8:3 17:8 0.99
Age at disease onset, yr 65.5 (61.5-72) 55 (46-61.5) >0.01
Disease duration, yr 4 (3-5) 8 (3-9.5) 0.10
MRC-80 70 (70-78) 76 (65.5-68.2) 0.93
PND 1(1-2) 1(1-3) 0.99

Values are expressed as median (IQR). Significative P values are
reported in bold.

ulnar nerves (p=0.829), and larger in healthy controls than
patients at the peroneal nerve at popliteal fossa (p=0.047).
Out of the 11 patients with ATTRv-PN, 10 had quantita-
tive HRUS abnormalities in a number of segments, ranging
from 1 to 15 (median 2.5, IQR 1.7-5). Most patients had
CSA abnormalities at proximal (three patients at the bra-
chial plexus, seven at the median nerve at the axilla, seven
at the median nerve at the arm, five at the median nerve at
the elbow, two at the ulnar nerve at the axilla, four at the
ulnar nerve at the arm) and entrapment sites (seven patients
at the median nerve at the wrist, four at the ulnar nerve at
the elbow, one at the ulnar nerve at the wrist, three at the
peroneal nerve at the fibular head) (Table 2). One patient
showed CSA changes of the median nerve at the carpal tun-
nel only. CSA changes occurred at distal sites of the median
nerve (forearm) in two patients, one with demyelinating and
another with non-demyelinating features as assessed with
electrodiagnostic study (Fig. 1) (Table 3).

Nerve CSA, at non-entrapment points, was inversely cor-
related with MRC-80 (R=-0.265, p<0.001) and showed a
positive correlation with NIS (R=0.298, p<0.001). We did
not find any correlation between HRUS CSA and PND score.

Characteristics of CIDP patients

We included 25 patients with CIDP (17 males, 8 females)
aged from 38 to 82 years (median 63 years, IQR 49.5-69.5).
Disease duration ranged from 2 to 12 years (median 6 years,
IQR 2-9). Patients were scored as PND stage I (14 patients),
stage II (9 patients), or stage III (2 patients). MRC-80 ranged
from 50 to 80 (median 76, IQR 65.5-78).

Eighteen patients had a chronic progressive disease
course, while seven had a relapsing-remitting course. Fif-
teen patients were under immunomodulatory (8 prednisone,
6 intravenous immunoglobulin) or immunosuppressive (1
azathioprine) treatment, while 10 patients were not taking
any specific disease-modifying treatment (8 were treat-
ment naive, 2 had been previously treated with intravenous
immunoglobulin).

@ Springer



3390 Neurological Sciences (2022) 43:3387-3394

Table2 ATTRv-PN patients HRUS findings

Mutation Age, yr Sex NCS-Dem PND HRUS alterations
nl Val30Met 67 M Yes 2 L Median nerve: axilla 12 mm?, arm 12 mm?
n2 Val30Met 76 M Yes 2 R Median nerve: axilla 14 mm?, arm 21 mm?, elbow 17 mm?,

forearm 10 mm?
L Median nerve: arm 25 mm?, elbow 15 mm?, forearm 13 mm?
R Ulnar nerve: axilla 14 mm?, arm 17 mm?
L Ulnar nerve: arm 14 mm?, elbow 11 mmz, wrist 6 mm?
R Peroneal nerve: fibular head 15 mm?
R Brachial plexus: 128 mm?
L Brachial plexus: 136 mm?

n3 Val30Met 67 F No 1 R Median nerve: elbow 14 mm?, wrist 19 mm?
L Median nerve: wrist 13 mm?
R Ulnar nerve: elbow 15 mm?
L Ulnar nerve: elbow 12 mm?

n4 Val30Met 67 F No 1 No abnormalities

ns Alal09Ser 75 M No 1 R Median nerve: arm 18 mm?, elbow 16 mm?, forearm 11 mm
L Median nerve: axilla 12 mm?, arm 15 mm?, elbow 16 mm?
R Ulnar nerve: arm 11 mm?, elbow 13 mm?
R Peroneal nerve: fibular head 23 mm?
L Peroneal nerve: fibular head 14 mm?>

2

no6 Glu89GIn 65 F No 2 R Median nerve: wrist 17 mm?

L Median nerve: wrist 13 mm?

L Brachial plexus: 129 mm?
n7 Val30Met 68 M No 2 R Median nerve: axilla 17 mm?, arm 17 mm?
n8 Val30Met 71 M No 1 R Median nerve: axilla 12 mm?
no9 Phe64Leu 74 M No 1 R Median nerve: wrist 13 mm?
n 10 Phe64Leu 76 M No 2 R Median nerve: wrist 14 mm?

R Ulnar nerve: axilla 11 mm?, arm 12 mm?
nll Phe64Leu 62 M No 1 L Median nerve: wrist 13 mm?

R Peroneal nerve: popliteal fossa 15 mm?, fibular head 15 mm?

NCS-Dem demyelinating features on Nerve Conduction Study according to EFNS/PNS criteria

Fig. 1 Heat map of HRUS CSA . ) 25
in ATTRv-PN patients. Nerves Ml\j:jler”r: I
on the left (L) and right (R ) - .
sides @ ght (R) Median Elbow \ 20
Median Forearm .
% Median Wrist . . 8
c Ulnar Axilla 15 3
% Ulnar Arm - ’3\
Ulnar Elbow .
10 3
Ulnar Forearm D
Ulnar Wrist
Peroneal popliteal fossa 5
Peroneal caput fibulae ! - \
RLRLRLRLRLRLRLRLRLRLR RL
1 2 3 4 5 6 7 8 9 0 1
Patients
Nerve CSA was significantly higher in patients than in All patients except one had HRUS abnormalities of at

healthy controls at all non-entrapment points (median nerve  least one nerve segment. The number of nerve segments

at the axilla, arm, and forearm, ulnar nerve at the axilla and with HRUS abnormalities ranged from 2 to 21 (median 11,

arm, peroneal nerve at the popliteal fossa, and ulnar nerve ~ IQR 6-15) in each patient. HRUS alterations occurred in

at the forearm p<0.01). most patients at proximal sites (41.3%). Around one-third
of scanned upper limb nerve segments at entrapment sites
were abnormal (Table 3).
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of quentitacoe HROS changes ATTRV-PN (=11 CIDP (n=25) 4
Overall 45/286 (15.7%) 261/650 (40.2%) <0.001
Upper limbs 40/242 (16.5%) 227/550 (41.3%) <0.001
Proximal sites 25/132 (18.9%) 154/300 (51.3%) <0.001
Distal non-entrapment sites 3/44 (6.8%) 24/100 (24%) 0.019
Entrapment sites 12/66 (18.2 %) 49/150 (32.7%) 0.033
Lower limbs 5/44 (11.3%) 34/100 (34%) 0.005
Proximal sites 1/22 (4%) 13/50 (26%) 0.05
Entrapment sites 4/22 (18.1%) 21/50 (42%) 0.06

Proximal sites: brachial plexus, median and ulnar nerve at axilla and arm, median nerve at elbow, peroneal

nerve at popliteal fossa

Distal non-entrapment sites: median and ulnar nerve at forearm

Entrapment sites: median and ulnar nerve at wrist, ulnar nerve at elbow, peroneal nerve at caput fibu-
lae. Significative P values are reported in bold.

Comparison of HRUS characteristics
between ATTRv-PN and CIDP patients

Although patients with ATTRv-PN were older than
patients with CIDP (p=0.01), the two groups of patients
had comparable disease duration, MRC-80 scores, and
PND scores (Table 1). HRUS showed a lower number of
affected nerve segments in patients with ATTRv-PN than
in patients with CIDP (p<0.001). Nerve CSA in the 11
patients with ATTRv-PN was significantly lower than in
CIDP patients at the brachial plexus, median nerve at the
axilla, arm, and forearm, peroneal nerve at the popliteal
fossa (p<0.01) and ulnar nerve at the forearm (p=0.03)
(Fig. 2).

Nerve CSA of the 26 nerve sites in the two patients with
ATTRv-PN and demyelinating features was comparable to
that in CIDP patients. In patients with ATTRv-PN with non-
demyelinating features of peripheral nerve damage, nerve
CSA was significantly lower than that of CIDP patients at
the brachial plexus, median nerve at the axilla, arm, and
forearm, and peroneal nerve at the popliteal fossa (p<0.01).
The ulnar nerve CSA difference at the forearm approached
statistical significance (p=0.058).

Comparing ATTRv-PN patients with the eight treatment
naive CIDP patients, nerve CSA was significantly lower than
that of CIDP at the brachial plexus, median nerve at the
arm and forearm, and peroneal nerve at the popliteal fossa
(p<0.05). The median nerve CSA difference at the axilla
approached statistical significance (p=0.07).

Considering the distribution of HRUS abnormalities of
median and ulnar nerves at proximal sites (median and ulnar
nerves at the axilla and arm, median nerve at the elbow)
compared with distal nerve segments (forearm), we observed
prominent proximal nerve involvement in both diseases,
which was statistically significant in CIDP (p<0.001) and
approached significance in ATTRv-PN (p=0.06).

The frequency of HRUS abnormalities at entrapment
points we found in ATTRv-PN patients was lower than that
in CIDP patients (Table 3).

Discussion

In this cross-sectional prospective study, we used HRUS of
peripheral nerves to show that nerve CSA at multiple non-
entrapment nerve sites was significantly smaller in patients
with ATTRv-PN than in patients with CIDP, though this dif-
ference might be negligible in patients with ATTRv-PN and
pure demyelinating nerve damage. Our data on nerve CSA
in patients with ATTRv-PN and CIDP might contribute to
the diagnosis of ATTRv-PN in clinical practice.

We used electrodiagnostic study and applied the CIDP
diagnostic criteria of the European Academy of Neurology/
PNS (Joint Task Force of the EFNS and the PNS, 2010)
[18] to distinguish patients with demyelinating features in
the group of ATTRv-PN patients. Although several patients
had isolated or multiple abnormalities compatible with
demyelination, electrodiagnostic study abnormalities met
CIDP criteria in only two patients. These findings are in line
with previous studies showing that patients with late-onset
ATTRv-PN seldom meet the clinical and electrodiagnostic
study criteria for CIDP diagnosis [21].

Although we cannot exclude that distinct pathogenetic
processes may underlie demyelinating and non-demyelinat-
ing types of ATTRv-PN, we believe that these two types of
peripheral nerve damage reflect a pathophysiological con-
tinuum. Accordingly, we hypothesize that a common patho-
logical process of different severity (e.g. amyloid fibril stor-
age) may underlie a continuum of electrodiagnostic study
changes, supporting the categorization of either demyelinat-
ing or non-demyelinating neuropathy based on the different
effect of amyloid storage on the myelin sheath. The marked
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Fig.2 Comparison of CSA between ATTRv-PN and CIDP

axonal loss in ATTRv-PN patients with demyelinating neu-
ropathy may support this hypothesis [21]. However, it is
still unknown how study abnormalities reflect pathologi-
cal changes in the peripheral nerves of ATTRv-PN patients
since most data were derived from sural nerve biopsy or
autoptic material [3, 20].

In our study, HRUS showed that nerve CSA at proximal
nerve sites was significantly larger in the 11 patients with
ATTRv-PN than in healthy controls and this difference per-
sisted in the nine patients with non-demyelinating neuropa-
thy. These findings are consistent with previous studies [13,
14] and suggest that HRUS evidence of increased nerve CSA
at proximal nerve sites in patients with progressive periph-
eral neuropathy with axonal loss should prompt genetic test-
ing for ATTRv-PN.

The increased nerve CSA we found at proximal sites in
patients with ATTRv-PN is in line with nerve imaging stud-
ies in ATTRv-PN patients. The increase in nerve trunk size
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detected by HRUS and magnetic resonance imaging has
been attributed to amyloid deposits in the endoneurium and
blood vessels and the presence of endoneurial oedema [13,
14, 21, 22]. Similar morphological changes have also been
detected in CIDP and have been attributed to the prolifera-
tion of Schwann cells caused by repeated demyelination and
remyelination, endoneurial oedema, and the accumulation
of amorphous substance in the endoneurium, likely derived
from secondary products associated with nerve degeneration
[23, 24]. These data introduce the hypothesis that the loss
of distal nerve fibres, which is the most characteristic sign
of ATTRv-PN, may represent the consequence of the lesion
load in proximal nerve segments [22, 25-27].

Using HRUS, we showed that nerve CSA in our 11
patients with ATTRv-PN was smaller than that in patients
with CIDP. In patients with ATTRv-PN, nerve CSA abnor-
malities predominantly affected proximal nerve sites,
whereas CSA abnormalities involved both proximal and
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distal nerve sites in CIDP patients. Our data therefore indi-
cate that HRUS might be a supportive tool to electrodi-
agnostic investigation in ATTRv-PN diagnostic work-up.
Our findings are in line with a recent study [16] comparing
HRUS changes in ATTRv-PN and CIDP patients. However,
we admit that our results are hardly comparable to this study
due to differences in genetic background, clinical character-
istics, and study protocol.

When we analyzed nerve CSA in patients with and with-
out demyelinating features as assessed with electrodiag-
nostic study, we found that nerve CSA was smaller in the
nine patients with non-demyelinating features than in CIDP
patients. However, in the two patients with electrodiagnostic
study abnormalities compatible with CIDP criteria, nerve
CSA was comparable to that of CIDP patients. Admittedly,
these findings may hamper the usefulness of HRUS in dis-
tinguishing ATTRv-PN and CIDP and indirectly indicate
that electrodiagnostic study must remain the main diagnostic
tool for diagnosing peripheral nerve damage in patients with
ATTRv-PN and CIDP.

Entrapment neuropathies, namely carpal tunnel syndrome
and ulnar neuropathy at the elbow, are frequent and early
complaints in patients with ATTRv-PN. At entrapment sites,
nerve damage may be induced by both amyloid deposition in
anatomically adjacent ligaments and nerve susceptibility to
pressure injury [28] and increased amyloid storage in nerve
sites that chronically undergo traumatic injuries. Unexpect-
edly, the frequency of HRUS abnormalities at entrapment
points we found in ATTRv-PN patients was lower than that
in CIDP patients. We observed HRUS alterations involving
16/88 (18.1%) nerves at entrapment points in ATTRv-PN
subjects, a finding that may reflect ineffective nerve regen-
erative response to pressure damage in ATTRv-PN [29].

Study limitations

Admittedly, our study has several limitations. We included
11 patients with ATTRv-PN, of which only two had demy-
elinating features compatible with a CIDP diagnosis. We
therefore cannot provide reliable information on whether
HRUS of peripheral nerves reliably distinguishes ATTRv-
PN mimicking CIDP. Further multicentre studies including
large samples of patients with ATTRv-PN and pure demy-
elinating nerve damage are needed to verify whether HRUS
is sensitive in distinguishing ATTRv-PN from CIDP. Since
an effect of different therapies on nerve CSA in treated CIDP
patients cannot be excluded, further studies including larger
groups of CIDP treatment naive patients may be needed.
Based on the wide genetic variability of ATTRv-PN in our
sample, we cannot exclude that our findings in a small pop-
ulation of late-onset ATTRv-PN patients may be different
from the HRUS pattern in endemic areas.

Longitudinal studies with detailed HRUS examination in
ATTRvV-PN patients are needed to better correlate ultrasono-
graphic data and neuropathological findings and to evaluate
their changes over time.

Conclusion

Our cross-sectional prospective study showed that HRUS
provides reliable information on nerve damage in patients
with ATTRv-PN. Although HRUS data markedly differed
between ATTRv-PN and CIDP patients, the two patients
with ATTRv-PN mimicking CIDP had comparable HRUS
findings to CIDP patients. This finding may hamper the use-
fulness of HRUS as a standalone technique for distinguish-
ing between ATTRv-PN and CIDP.
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