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Abstract
Background
Hereditary transthyretin amyloidosis (hATTR) is associated with
significant morbidity and mortality. Early diagnosis and treatment are
essential to improve patient’s outcome. Carpal tunnel syndrome (CTS)
is a common complication of hATTR amyloidosis. However, because
CTS is also common in the general population, we wanted to assess
whether CTS, when associatedwith systemicmanifestations, could help
direct physicians to screen for TTR gene mutation and early diagnosis.

Methods
We reviewed the charts and interviewed the patients with hATTR
seen between 2017 and 2018. We noted the details of CTS diagnosis, treatment, and other
systemic features of the disease.

Results
Seventeen of the 23 patients studied had CTS. CTS was the first manifestation of the disease in
10 of 17 patients. On average, CTS symptoms occurred 10.4 years before their diagnosis of
hATTR amyloidosis. In 6 of 10 patients with CTS, the following systemic symptoms were
present as the first manifestation: erectile dysfunction, dysautonomia, polyneuropathy, exercise
intolerance, and gastrointestinal and ocular symptoms.

Conclusion
CTS occurs in most patients with hATTR amyloidosis and frequently precedes the hATTR di-
agnosis. Most patients with CTS preceding hATTR diagnosis have systemic features. Recognizing
systemic features at the time of CTS presentationmay help in early diagnosis of hATTR amyloidosis.

Patients with hereditary transthyretin amyloidosis (hATTR) present with nonspecific
symptoms that are usually attributed to more common disorders.1 This creates a challenge
for a correct and early diagnosis.2 For example, carpal tunnel syndrome (CTS) may be the
first manifestation of hATTR amyloidosis. Therefore, hATTR amyloidosis might be
suspected in some patients with CTS, and this could potentially lead to an earlier diagnosis
and treatment.3 However, CTS is common in the general population, and it would be
impossible and of low yield to screen all patients with CTS for TTR mutations.4–6 On the
other hand, the presence of other nonspecific symptoms at the time of CTS diagnosis or
treatment may help select patients in whom testing for TTR mutation is reasonable. To
investigate the concept of CTS with other associated symptoms at the time of diagnosis or
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treatment of CTS, we interviewed patients with hATTR
amyloidosis seen over a course of 2 years and studied
specifically the time of onset of CTS regarding hATTR
diagnosis as well as additional symptoms at the time of
diagnosis of CTS.

Methods
Standard protocol approvals, registrations,
and patient consents
The Oregon Health & Science University (OHSU) IRB
approved the study. We reviewed all 31 charts of patients
with TTR mutations seen in our neuromuscular clinic be-
tween 2017 and 2018. We also interviewed the patients
during their clinic visit and noted the details regarding the
patients’ demographics, whether or not they had CTS, and
the timing of CTS relative to hATTR diagnosis. We also
noted the type of TTR mutation, delay in diagnosis, asso-
ciated systemic symptoms with CTS, organs involved during
the course of the disease, other systemic features of the
disease, treatment received for CTS and amyloidosis, as well
as symptom resolution, recurrence, or progression after CTS
release. We considered positive systemic features regardless
of whether those were present at the time of CTS symptoms
onset or at the time of CTS release because it was easier for
patients to recall details this way. In most cases, we did not
have nerve conduction studies to review and those were not
included in the analysis. This was a descriptive study, and no
formal statistics were performed.

Data availability
All of the data recorded during this study have been included
in this article.

Results
Eight patients carried pathogenic TTR mutations but were
asymptomatic, and we excluded them from the analysis. We
interviewed 23 patients. Themedian age at first symptomwas
53 years old (range 34–74 years), and the median age at
diagnosis of hATTR amyloidosis was 61 years old (range
30–77 years). There was a delay in the diagnosis for all
patients, who did not have a family history (14 patients), and
for 4 of 10 patients with a known family history. The median
delay in diagnosis for those 17 patients was 72 months (range
12–432). We summarized patients’ characteristics in the table,
table e-1 (links.lww.com/CPJ/A95), and the figure.

In the 23 patients interviewed, 17 patients had a diagnosis of
CTS. CTS was bilateral in all cases. In 10 of those patients,
CTS symptoms occurred before the diagnosis of hATTR
amyloidosis and before the development of any systemic
symptoms. In the remaining 7 patients, CTS symptoms oc-
curred after other systemic manifestations of amyloidosis had
already developed. The median age at which patients started
having symptoms attributed to CTS was 48.5 years (range
36–63). The median time between CTS symptoms and
hATTR amyloidosis diagnosis was 11 years (range 0–36
years). The median time between CTS symptoms and sys-
temic symptoms was 7 years (range 0–35 years). Three
patients had upper extremity onset of their neuropathy,
which was not felt to be related to median nerve entrapment
at the wrist but rather directly to amyloid polyneuropathy.
Five patients had T60A mutation, 3 had V30M mutations,
and 3 had V122I. The TTR mutations in the remaining 12
patients varied (table).

Six of the 10 patients diagnosed with CTS before hATTR
amyloidosis diagnosis underwent CTS release. Only 1 patient
experienced persistent postsurgical relief from his CTS
symptoms. In the remaining patients, symptoms in the upper
extremities either persisted (1), resolved partially (1), or
recurred after a symptoms-free period (3). In the latter group,
symptoms recurred after 8 years in 2 patients and after 1 year
in 1 patient. In comparison, in the 7 patients who had a di-
agnosis of CTS after other systemic manifestations of amy-
loidosis, 4 had CTS release. Of those 4 patients who
underwent CTS release, 1 patient experienced persistent
symptom relief, 2 patients had transient relief, and 1 patient
noted no improvement of symptoms.

In 6 of 10 patients with CTS diagnosis before hATTR
amyloidosis, at least 1 of the following associated systemic
symptoms was present at the time of CTS release: ortho-
static hypotension, diarrhea and constipation, erectile
dysfunction (ED), exercise intolerance, and burning pain in
the feet. Exercise intolerance reflects cardiac involvement in
our patients. Interestingly, ED was very common and oc-
curred in 12 of 16 male patients. ED was the first symptom
in 4 of them, and occurred at age 45 in 1 patient and late 50s
in the other 3 patients. CTS symptoms preceded the neu-
ropathy in 10 of 23 patients. Median time from CTS to
neuropathy in those patients was 147 months (range 3–420
months).

Discussion
In this study, we found that CTS occurred not only in two-
thirds of patients with neuropathy related to hATTR amy-
loidosis but also preceded hATTR amyloidosis diagnosis
by a decade. Can this alone help diagnose patients with
hATTR amyloidosis earlier? Not likely. CTS is common in
the general population: up to 6% of the general population
will develop CTS at some point.4,5 Furthermore, a third of

The median time between CTS

symptoms and systemic symptoms

was 7 years (range 0–35 years)
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Charcot-Marie-Tooth (CMT) disease patients have CTS,
and equally about a third of patients with diabetic neurop-
athies also have CTS.4,5 Hence, screening all patients with
CTS for TTR mutations would have a very low yield. In this
study, we showed that many hATTR amyloidosis patients
have other systemic symptoms around the same time of CTS
onset or release. This finding could narrow the patient
population with CTS to be considered for TTR mutation
screening. Unfortunately, these systemic symptoms (GI
disturbance, exercise intolerance, ED, burning pain in the
feet, etc.) are also nonspecific. However, combination of
systemic symptoms without a common alternative explana-
tion and CTS should raise suspicion for amyloidosis. For
example, we found that many men have ED at the time of
CTS release and some had ED several years before the
onset of CTS symptoms. The combination of ED and CTS,

in the absence of diabetes, for example, should raise con-
cern about amyloidosis.

Early diagnosis of hATTR amyloidosis remains difficult, es-
pecially in the absence of family history and when patients
with CTS do not have any other associated symptoms. In

Table Demographics, hATTR and CTS data

Patient Sex Age at first
symptom

Genetic
testing

First
manifestation

CTS CTS
release

CTS recur/
persist

CTS symptoms to hATTR
diagnosis (mo)

CTS to peripheral
neuropathy
symptoms

1 M 50 T60A CTS Y Y Y 132 168

2 M 61 L78H CTS Y Y N 288 228

3 M 49 T60A CTS Y N N/A 12 3

4 M 34 A18G OH N N N/A N/A N/A

5 M 43 C30A CTS Y Y Y 156 96

e M 53 Cys114 SOB N N N/A N/A N/A

7 M 55 V30M UE PN N N N/A N/A N/A

8 M 59 A65V ED Y N N/A 12 12

9 M 45 T60A ED Y Y Y 156 150

10 M 48 T60A CTS Y Y Y 36 0

11 M 61 V30M CTS Y N N/A 120 0

12 M 53 V30M Afib Y Y Y N/A 240

13 M 59 A65V ED Y N N/A 12 0

14 M 74 P44S LE PN Y Y N/A N/A N/A

15 M 36 Arg 50 OH N N N/A N/A N/A

16 F 50 V122I SOB Y Y Y 60 0

17 F 63 S97T CTS Y Y Y 132 144

18 F 56 V122I CTS Y Y Y 216 120

19 F 36 V122I CTS Y N N/A 432 420

20 F 44 T114C CTS Y N N/A N/A 0

21 F 70 T60A LE edema N N N/A N/A N/A

22 M 57 G74V ED Y N N/A N/A N/A

23 M 39 V30M UE PN N N N/A N/A N/A

Abbreviations: Afib = atrial fibrillation; CTS = carpal tunnel syndrome; ED = erectile dysfunction; LE = lower extremity; OH = orthostatic hypotension; PN =
polyneuropathy; SOB = shortness of breath; UE = upper extremity.

Combination of systemic symptoms

without a common alternative

explanation and CTS should raise

suspicion for amyloidosis

Neurology.org/CP Neurology: Clinical Practice | Volume 9, Number 4 | August 2019 311

Copyright © 2019 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/cp


addition, some patients with hATTR may have had CTS due
to another reason because CTS is a common disorder.
However, we did observe a higher incidence of CTS in our
cohort compared with the general population or what is
reported in patients with diabetes or CMT. This finding
suggests that in most patients in our cohort who developed
CTS, the CTS was related to amyloidosis. In TTR amy-
loidosis, deposition of amyloid in the flexor retinaculum
would cause compression of the median nerve in the carpal
tunnel.6–8

Our study has limitations. First, it is biased because patients
were evaluated by a neurologist and were referred to neu-
rology only if they had a neuropathy, whichmeans that we did
not study patients with cardiac amyloidosis without neu-
ropathy. Second, there is a recall bias because patients were
interviewedmany years after the onset of symptoms. Third, it
is difficult to tell which of our patients truly had CTS vs an
upper extremity neuropathy as part of their amyloid
polyneuropathy.9–11 We did note 3 patients with upper ex-
tremity onset of their neuropathy and those were not con-
sidered CTS. In addition, we chose to analyze the group of
patients who had the diagnosis of CTS before the neurop-
athy. Furthermore, most patients did report improvement
after the surgeries, and as such, one could assume that in
most cases, the diagnosis of CTS was correct. We could not
always interpret the nerve conduction studies and electromy-
ography ourselves because most patients were referred to us and
their previous studies were not always available. However, the
limitations of this study do not affect clinical practice because our

main message from this study remains the same regardless of
whether the diagnosis of CTS was actually correct.

In summary, we found that CTS is common in hATTR amy-
loidosis.TheCTS frequently preceded the systemicmanifestation
and diagnosis of hATTR amyloidosis by several years. Most
patients with CTS preceding hATTR diagnosis have other sys-
temic features (such as orthostatism, diarrhea and constipation,
ED, exercise intolerance, and burning pain in the feet) at the time
of CTS release. Recognizing systemic features at the time of CTS
release may help early diagnosis of hATTR amyloidosis. Early
diagnosis is particularly important in an era of new advances in
hATTR neuropathy treatment, which are more effective when
given earlier in the disease process.
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Figure Organs affected at time of interview

CNS = central nervous system involvement.
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