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Background: Carpal tunnel syndrome (CTS) is common in patients with trans-
thyretin amyloidosis (ATTR), and many experience residual symptoms and/
or develop recurrent disease following routine carpal tunnel release (CTR). An
extended CTR with median nerve neurolysis is recommended for thorough nerve
decompression. Tissue confirmation of amyloidosis can be performed at the time
of CTR with biopsies of the transverse carpal ligament and/or tenosynovium.
Methods: We describe a retrospective, single-center experience performing an
extended CTR technique including unilateral and bilateral cases for 13 consecu-
tive patients (18 wrists) with ATTR and symptomatic median neuropathy at the
wrist.

Results: The mean patient age was 83 (range 67-90) years and 11 (85%) were men.
Notable intraoperative findings in all cases included thickened tenosynovium and
median nerve epineurium, and adherence of the median nerve to the deep sur-
face of transverse carpal ligament. Pathology findings were positive for amyloidosis
from both the transverse carpal ligament and the tenosynovium biopsies in all
patients.

Conclusions: Extended CTR with simultaneous wrist tissue biopsy can be safely per-
formed for ATTR patients with CTS. Characteristic intraoperative findings should
increase clinical suspicion for undiagnosed ATTR and prompt performance of
biopsy for diagnostic confirmation. Volar wrist tenosynovial biopsy is our preferred
tissue for confirmation of ATTR, for patients with and without CTS, given its safety
profile and 100% pathological yield in our series. (Plast Reconstr Surg Glob Open
2023; 11:¢4757; doi: 10.1097/GOX.0000000000004757; Published online 24 January
2023.)
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Amyloidosis is an infiltrative disorder caused by the
extracellular deposition of misfolded endogenous precur-
sor proteins. Although there are multiple types of amyloi-
dosis, the most common is light chain (AL) amyloidosis,
a hematologic malignancy caused by deposition of mis-
folded immunoglobulin light chain fragments produced
by a clonal plasma cell population, and transthyretin amy-
loidosis (ATTR), caused by misfolding of the hepatically
derived transport protein transthyretin.' ATTR can be fur-
ther subdivided into hereditary ATTR (ATTRh), caused
by a gene mutation of the transthyretin protein, and wild-
type ATTR (ATTRwt), an idiopathic age-related disorder
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occurring mostly in men in the absence of a gene muta-
tion.' Disease-modifying treatments are available for AL
and ATTR, and the prognosis without treatment is poor
for both types.

ATTR predominantly causes polyneuropathy and
cardiomyopathy. Carpal tunnel syndrome (CTS) is com-
mon in patients with amyloidosis and is particularly preva-
lent among those with ATTR. ATTR patients often have
severe CTS at the time of diagnosis, which is frequently
bilateral and has a high rate of recurrence after carpal
tunnel release (CTR).? In one recent study, 88% (36 of
41) of ATTRwt cardiomyopathy patients screened for rou-
tine neuropathy with a neurologist assessment and nerve
conduction studies at the time of ATTRwt diagnosis had
CTS, compared to 7% of age-matched controls.” Another
cohort analysis showed that 4% of all men with bilateral
CTS had ATTRwt cardiomyopathy, which increased to
33% if they also had left ventricular hypertrophy.*

CTS is often an early clinical manifestation of ATTR
and, in some patients, can present years before other sys-
temic manifestations such as cardiomyopathy develop.”
ATTR patients often have relatively aggressive CTS, which
is frequently bilateral with a rapid rate of progression and
a higher rate of recurrence after CTR compared with
patients without ATTR.*® Therefore, it has been suggested
that ATTR patients with CTS should be treated with an
extended CTR surgical technique to improve symptoms
and to reduce the risk of recurrence.’ Tissue biopsy of the
transverse carpal ligament (TCL) and/or volar wrist flexor
tendon tenosynovium can be easily performed at the time
of the CTR to allow for tissue confirmation of amyloido-
sis. For patients without CTS, tissue biopsy of the tenosy-
novium can be performed without CTR from the distal
volar forearm to confirm the diagnosis of amyloidosis.

In addition to diagnostic confirmation in patients with
suspected ATTR, in our region, amyloidosis biopsy tissue
confirmation is required for patients to be eligible for
public reimbursement eligibility for the novel ATTR medi-
cation tafamidis, a transthyretin stabilizer, which attenu-
ates disease progression and improves survival for this
otherwise fatal disease.” Tafamidis is expensive (list price
in Canada of approximately $200,000/year) and not cov-
ered by most private medical insurance plans, and there-
fore, public coverage is the only option for access for most
patients. In light of either the high risk (eg, cardiac) or
low yield (eg, fat aspirate) of other targeted biopsy sites,*’
wrist biopsy has become our preferred approach for tissue
confirmation of amyloidosis, including patients without
an indication for CTR.

The purpose of this report is to describe our center’s
experience performing extended CTR, and TCL and
tenosynovium biopsies in ATTR patients.

Patient Population

This retrospective study includes patients with a
confirmed or suspected diagnosis of ATTR referred
to our center for evaluation and management over a
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Question: How reliable are tenosynovium and transverse
carpal ligament biopsies for the diagnosis of amyloidosis?

Findings: In our study, the biopsy yield was 100% for
tenosynovium and transverse carpal ligament biopsies for
patients with amyloidosis.

Meaning: Tenosynovium and transverse carpal ligament
biopsies are highly sensitive and specific for amyloidosis.
They are safe and easily performed with minimal patient
recovery time postoperatively.

l-year period between 2021 and 2022. In recognition
of the complex needs of patients with this multisystem
disease, amyloidosis patient care is delivered by a mul-
tidisciplinary team of clinical specialists that form the
Amyloidosis Program of Calgary (APC, University of
Calgary, Calgary, Alberta, Canada). The baseline assess-
ment of all patients includes comprehensive neurol-
ogy evaluation for CTS and other neuropathies or risk
factors for neuropathy [including thyroid dysfunction,
diabetes mellitus, monoclonal gammopathy of undeter-
mined significance (MGUS), and rheumatoid arthritis],
in addition to cardiovascular evaluation. Patients are
then referred to a hand and wrist specialist plastic sur-
geon for consideration of CTR and/or TCL and tenosy-
novium biopsy as clinically indicated.

Diagnostic criteria for ATTR are based on current
consensus guidelines as follows: (1) exclusion of serum
and urine monoclonal protein indicating AL amyloido-
sis; (2) evidence of cardiac ATTR uptake by technetium
99m-pyrophosphare nuclear scintigraphy, or positive
biopsy indicating amyloidosis in addition to evidence of
ATTR cardiomyopathy by cardiac imaging criteria and/or
neuropathy by clinical and electrophysiology testing; and
(3) genetic testing for a transthyretin gene mutation to
diagnose ATTRh, or the absence of a gene mutation to
diagnose ATTRwt.

Surgical Technique

The procedure is performed in the minor surgery
clinic without an anesthesiologist, scrub nurse, or surgical
assistant. An extended CTR incision is used over the volar
proximal palm and distal forearm. (See Video 1 [online],
which shows the incision for extended CTR.) Mini-open'’
and endoscopic'' approaches are not recommended for
patients with amyloidosis as external neurolysis of the
nerve is indicated to ensure complete decompression of
the median nerve and dissection of the nerve away from
the undersurface of the radial TCL is required.

Local anesthetic with 1:100 000-1:200 000 epineph-
rine is infiltrated 30 minutes before commencing surgery
to maximize vasoconstriction'? and obviate the need for
a tourniquet, improving patient comfort.”” The surgeon
wears loupe magnification to visualize the median nerve
anatomy in detail.

The skin is incised. (See Video 2 [online], which shows
the extended CTR with transverse carpal ligament and
tenosynovium biopsies.) The palmar fascia is opened.
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Fig. 1. Biopsy of the TCL is performed from the ulnar aspect of the
TCL. A full-thickness segment of the TCL, approximately T0 mm in
length and 3 mm in width, is harvested. Biopsy of the volar wrist
flexor tendon tenosynovium is about 20-30 mm in length.

The TCL is divided longitudinally on its ulnar aspect, tak-
ing care to avoid injury to the recurrent motor branch
of the median nerve.'* A full-thickness biopsy of the TCL
is performed from the ulnar TCL, approximately 10 mm
in length and 3mm in width, and sent in formalin for
pathological analysis (Fig. 1). The tenosynovium from
the flexor tendons crossing the volar wrist, primarily sur-
rounding the more superficial flexor digitorum superfi-
cialis tendons compared to the deeper flexor digitorum
profundus tendons and the more radially located flexor
pollicis longus, is dissected off the tendons, to further
facilitate decompression of the median nerve and is sent
for pathological analysis.”” Tenosynovium over 20 mm
in length can generally be easily harvested during an
extended CTR (Fig. 2).

In amyloidosis patients, the epineurium surrounding
the median nerve is thick (Figs. 3 and 4A) and requires
external neurolysis to release the dense, constricting epi-
neurium to decompress the median nerve until a healthy
fascicular pattern is seen (Fig. 4B). (See Video 3 [online],

which shows the median nerve appearance following
external neurolysis.) In these cases, the median nerve is
often adherent to the deep radial surface of the TCL and
needs to be dissected away from this area.

Skin closure is performed with absorbable (eg, 4-0
Monocryl or Vicryl Rapide) or nonabsorbable (eg, 4-0
nylon or Prolene) sutures depending on the patient’s
preference (Fig. 5). A nonstick dressing (eg, Jelonet) fol-
lowed by gauze and a self-adherent wrap (eg, Coban) are
placed. (See Video 4 [online], which shows the dressing
application following CTR.) Postoperative splinting is not
recommended.'® Early active range of motion exercises
are encouraged for the fingers and wrist to permit early
nerve gliding and to decrease the risk of postoperative
scar fibrosis causing recurrent median nerve compression.
This also allows patients to regain their grip and pinch
strength sooner after surgery than those who are immo-
bilized.'” Finger and wrist flexion and extension range of
motion exercises are recommended on an hourly basis,
while awake, starting on postoperative day 1.

Pathology

In accordance with routine laboratory protocols, spec-
imens are fixed in 10% neutral buffered formalin for a
minimum of 6 hours, beginning immediately after pro-
curement, followed by paraffin embedding. A combina-
tion of hematoxylin and eosin and Congo red stains is then
assessed. Amyloid deposition is confirmed by the presence
of salmon-pink coloration under normal illumination of
Congo red-stained sections, with concomitant apple-green
birefringence under polarized illumination (Fig. 6).

Statistical Analysis

Continuous variables are reported as the mean and
range, whereas categorical variables are reported as the
frequency and percentage of total.

Over a l-year period, 13 ATTR patients (18 wrists when
including those undergoing a simultaneous bilateral pro-
cedure) underwent biopsy of the TCL and tenosynovium

Fig. 2. The tenosynovium (white arrows) surrounding the volar wrist flexor tendons (black arrows) is
elevated from the underlying tendons, shown here held in the forceps.



Fig. 3. Patient A: The thick external epineurium of the median
nerve is visible here, held in the forceps. The tenotomy scissors
are used to perform the external neurolysis, dissecting away the
thick, constricting epineurium until a healthy fascicular pattern of
the nerve is visualized.

during CTR for pathological tissue confirmation of amy-
loidosis (Table 1). The indication for surgery was symp-
tomatic CTS as well as the need for tissue confirmation of
amyloidosis for all patients. The mean patient age was 83
(range 67-90) years. The majority of patients were male [n
=11 (85%)]. All patients had the wild-type ATTR subtype.
All 13 (100%) patients had a clinical and electrophysi-
ologic diagnosis of CTS, which was bilateral in all cases.
Eight (62%) patients had a history of previous CTR, with
five (42%) having had previous bilateral CTR. Notable
intraoperative findings in all cases included thickened
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tenosynovium, thickened median nerve epineurium, and
median nerve adherence to the deep radial surface of
TCL (Fig. 7).

Specimens from both the TCL and the tenosynovium
were positive for amyloid in all patients in which both sites
were biopsied. To address whether one site or the other
might be more informative, we compared the burden of
amyloid deposition in the TCL and tenosynovium speci-
mens. To do this, all Congo red sections were digitized
(using the Aperio digital imaging system) followed by
annotation of affected regions (Fig. 8). We performed
concurrent real-time image comparison to the original
polarized Congo red slides to confirm the presence of
apple-green birefringence. There was no significant dif-
ference in amyloid burden in the TCL and tenosynovium
specimens.

No major complications were noted, including sys-
temic and local (eg, nerve injury, infection, hematoma)
complications. One minor complication occurred, a
wound dehiscence of the left CTR incision in a patient
who had undergone a simultaneous bilateral CTR with
wound closure using absorbable sutures (Monocryl) 2
days after surgery. The wound was debrided and resutured
using nonabsorbable sutures (nylon) and local anesthetic,
and healed uneventfully. Postoperative healing time and
time to return to activities have been the same as for
patients undergoing standard CTR alone. CTS symptom
improvement has been noted in all patients after surgery,
with improvements in median nerve sensation and thenar
muscle motor strength. We have had no early (symptoms
within 1 year of surgery) recurrences. We will follow our
patients for recurrent CTS over the next 10 years.

Of our 13 patients who had an extended CTR with wrist
biopsies over the 1-year study period, four (31%) underwent
simultaneous bilateral release, seven (53%) underwent a
right CTR, one (8%) underwent a left CTR, and one (8%)
underwent a staged procedure with a left- then rightsided
release as per his preference rather than having a simulta-
neous procedure, with a 7-day interval between procedures.
For patients undergoing a unilateral release, the side of

Fig. 4. Patient B. A, Thick epineurium is seen. B, External neurolysis is performed until the fascicular
pattern of the median nerve is visualized, seen here on the ulnar aspect of the nerve, under loupe
magnification. In this case, further neurolysis was performed to also decompress the thick, compressive
epineurium on the radial aspect of the nerve (not pictured).
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the surgery was based on their symptoms, physical exami-
nation, and electrodiagnostic findings to determine which
wrist to operate upon first. Once recovered, the patients
were booked for contralateral CTR if clinically and elec-
trodiagnostically indicated, and repeat tissue biopsies were
not performed as pathological confirmation of amyloidosis

Fig. 5. The incision has been sutured with 4-0 dissolving Vicryl
Rapide sutures.
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had been confirmed with the first CTR biopsies. Five (38%)
patients presented for a first-time CTR, whereas eight (62%)
presented for repeat CTR due to symptom recurrence an
average of 10 years after their initial CTR.

Of the 13 patients, five (38%) had hypothyroidism, two
(15%) had diabetes mellitus, and six (46%) had polyneu-
ropathy. There were no cases of rheumatoid arthritis or
MGUS. Six patients (46%) were anticoagulated for atrial
fibrillation. Anticoagulation was held for five patients
preoperatively and resumed on postoperative day 1. One
patient with a bilateral release continued his apixaban
perioperatively with no adverse effects.

Over the l-year study period, we had one patient (an
84-year-old man) without CTS who underwent tenosy-
novium biopsy, without CTR. His biopsy confirmed a diag-
nosis of amyloidosis (Table 1).

The principal finding of this report is that all ATTR
patients undergoing TCL and tenosynovium biopsy dur-
ing CTR had biopsy results positive for amyloid deposits.
Most patients with ATTR have clinical and electrodiagnos-
tic evidence of median neuropathy at the wrist of variable
symptomatic severity. When there is no CTS, tenosynovium
biopsy alone performed at the distal forearm, proximal to

Fig. 6. Amyloid deposition. A, Hematoxylin and eosin (100x). B, Congo red (100x). C, Congo red, under polarized light (200x).

Table 1. Tissue Confirmation of Amyloidosis in Consecutive Patients Undergoing Tenosynovium and TCL Biopsy

Tenosynovium () TCL (=)
Patient Age (y) Sex CTR Side R L R L
1 84 M B + + + +
2 81 M R + N/A + N/A
3 86 F B + + + +
4 87 M R + N/A + N/A
5 85 M R + N/A + N/A
6 90 M B + + + +
7 89 M L N/A + N/A +
8 68 M B N/A N/A + +
9 85 M R + N/A + N/A
10 84 M N/A N/A + N/A N/A
11 84 M R + N/A + N/A
12 84 F R + N/A + N/A
13 67 M R + N/A + N/A
14 86 M B + + + +

B, bilateral; L, left; M, male; F, female; N/A, not applicable; +, positive biopsy; -, negative biopsy; R, right.



Fig. 7. The median nerve (white arrow) is erythematous and
adherent to the deep radial aspect of the divided transverse car-
pal ligament (black arrow).

the TCL, can be considered without the need for CTR.
Our report demonstrates that tenosynovial biopsy can be
performed safely in this population with a high diagnos-
tic yield and represents an attractive site for amyloidosis
biopsy confirmation, given the technical ease of the proce-
dure, the quick recovery for patients, the low risk of com-
plications (particularly serious complications), and the
high pathological yield.

ATTR patients with CTS are typically referred for biopsy
from either cardiology or neurology. To date, for patients
undergoing CTR, we have performed biopsy of both the
TCL and the tenosynovium. Since all biopsies were posi-
tive for amyloid deposits, a single biopsy would most likely
have been adequate, minimizing the pathology resources
required to process the specimens. Performing TCL biopsy
and tenosynovium biopsy adds approximately 1 and 3 min-
utes, respectively, to the CTR procedure time. Excision of
excess tenosynovium helps decompress the carpal tunnel
and should be performed, and this tissue can easily be sent
for pathological analysis rather than being discarded. The
TCL biopsy does not change the volume of the carpal tun-
nel contents in the same fashion. Thus, we recommend a
tenosynovium biopsy as the preferred wrist biopsy if only
one biopsy is performed at the time of CTR and as the sole
biopsy in patients who do not require CTR.

Many patients with amyloidosis have bilateral CTS.
For patients presenting with median neuropathy at the
wrist and amyloidosis, we offer a unilateral or bilateral
CTR with TCL and tenosynovium biopsies. The risks, ben-
efits, and postoperative course of surgery are discussed,
the patient’s questions are answered, and the patient
can choose a bilateral CTR or staged procedures. Time
between two CTR procedures for patients choosing a
staged approach is determined by the patient when they
feel comfortable proceeding with the second side. Earlier
nerve decompression surgery results in better pain, sen-
sory, and motor outcomes.'*

Risk factors for amyloidosis include elevated age (men
over 50 years old and women over 60 years old), male sex,
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Black race, family history of ATTR amyloidosis, concur-
rent MGUS or multiple myeloma, atrial fibrillation, spi-
nal stenosis, biceps tendon rupture, and bilateral CTS.""*
Patients without a known diagnosis of amyloidosis who
have bilateral, typically severe CTS and other risk factors
listed above should be offered wrist tissue biopsy at the
time of CTR.* CTS recurrence rates are high for patients
with amyloidosis; therefore, a history of recurrent bilateral
CTS should also prompt consideration of tissue biopsy at
the time of repeat CTR.® If the median nerve is noted to
have thickened epineurium, to be adherent to the under-
surface of the radial TCL, and/or if the tenosynovium is
thicker than usual, biopsies of the TCL and tenosynovium
should be considered. An early diagnosis of amyloidosis
can allow patients to start treatment to prevent disease
morbidity.

Patients in most Canadian provinces require tissue
biopsy confirmation of amyloidosis to be eligible for pub-
lic reimbursement coverage for treatment with tafamidis,
an oral transthyretin stabilizer. This medication binds to
transthyretin, mitigating further amyloid deposition to
reduce cardiovascular morbidity and all-cause mortal-
ity in patients with transthyretin amyloid cardiomyopa-
thy.” Functional capacity and quality of life are improved
with tafamidis, which is well tolerated with minimal if any
adverse effects.”

Wrist tissue biopsy is simple and fast with minimal
added morbidity compared to CTR alone, with a high
yield for amyloidosis (100% in our series of patients)
and a lower risk of serious complications compared to
endomyocardial (cardiac, complication rate 6%), liver,
abdominal subcutaneous fat (yield 15% in patients with
ATTRwt), rectal (yield 85% in patients with systemic AL
amyloidosis), bone marrow (yield 50%—-60% in patients
with systemic AL amyloidosis), salivary gland (yield 86%
in patients with systemic AL amyloidosis), and trigger fin-
ger (yield 2% in idiopathic cases) biopsies.*** The cost
of wrist tissue biopsy is low.

After surgery, patients are encouraged to wash their
hand with soap and water and to apply Vaseline once or
twice daily to keep the wound moist as the incision heals
over the upcoming weeks. No activity restrictions are
imposed, patients are permitted to use their hand as much
as they feel comfortable and are advised to perform finger
and wrist range of motion exercises to prevent stiffness.
Wound dehiscence is the most common complication fol-
lowing CTS and is managed expectantly or with repeat
suture closure.

Atrial fibrillation is common in amyloidosis, and the
majority of patients with amyloidosis are anticoagulated
to reduce their risk of intracardiac thrombus and stroke.”
To decrease the risk of postoperative hematoma and
wound dehiscence, we prefer for the patient’s antico-
agulation to be held before their CTR and resumed on
postoperative day 1. If the risks of holding the patient’s
anticoagulation are deemed higher than the postopera-
tive surgical benefits by the referring physician, antico-
agulation can be continued perioperatively and bipolar
cautery is used intraoperatively for hemostasis. The TCL
and tenosynovium are relatively avascular structures and
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Fig. 8. Amyloid deposition. A, Example digitized Congo red stain, with regions of Salmon-pink staining and apple-green birefringence
highlighted. B, Box-plots comparing the burden of amyloid deposition by laterality and site. CT, transverse carpal ligament; TNS, tenosy-
novium; ns, non-significant.

their harvest for biopsy does not significantly increase the  and ideally is excised regardless to decompress the median

risk of procedure complications including bleeding, infec-  nerve to decrease the risk of recurrent median nerve com-

tion, pain, or nerve injury. pression. For patients without CTS, tenosynovial biopsy can
be performed at the distal volar forearm with local anesthe-
sia with minimal risk and minimal postoperative pain.

Kate Elzinga, MD, FRCSC

Volar wrist tenosynovial biopsy is our preferred biopsy Section of Plastic Surgery

site for conﬁrrn.ation. of ATTR givep its low mgrbidity ar.1d University of Calgary
100% pathological yield in our series. For patients requir- South Health Campus
ing CTR, the tenosynovium is present at the surgical site, 4448 Front Street SE
allowing simple harvest without an additional incision, Calgary, AB, Canada
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