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Purpose: The purpose of the current study was to evaluate the effectiveness of ultrasoundguided percutaneous carpal tunnel release in hemodialysis patients with carpal tunnel syndrome.
Methods: From February 2009 to April 2013, a prospective review of 113 consecutive cases of
ultrasound-guided percutaneous carpal tunnel release was carried out in 84 hemodialysis patients.
Results were analyzed by clinical subjective scale, two self-administered questionnaires, and
functional evaluations at seven time points (1 week and 1, 3, 6, 12, 18, and 24 months).
Results: Satisfactory symptom improvement in patients was 82%, 80%, 86%, 89%, 90%,
91%, and 90% at 1 week and 1, 3, 6, 12, 18, and 24 months postoperatively, respectively.
Moderate pain was suffered in 11.5% of patients within 1 week, 8.8% within 1 month, 2.7%
within 3 months, and none after 12 months postoperatively. Static two-point discrimination
and Semmes–Weinstein monoﬁlament examinations presented signiﬁcant improvements
after 1 week and 1 month postoperatively and with time. Postoperative grip power demonstrated recovery and a signiﬁcant increase after 3 and 6 months postoperatively. Three-jaw
chuck-pinch strength showed signiﬁcant increase after 1 month postoperatively. There were
no operative complications.
Conclusion: Ultrasound-guided percutaneous carpal tunnel release is an effective and safe
procedure in hemodialysis patients with carpal tunnel syndrome. The advantages include
a less invasive procedure, no tourniquet needed, only limited inﬁltration anesthesia, minimal
soft-tissue exploration, and relatively short operation time. Our data suggest this technique
can reliably relieve clinical symptoms, with early restoration of grip and pinch strength.
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Carpal tunnel syndrome (CTS) is a frequent complication of patients undergoing
hemodialysis. It often causes pain, numbness, tingling, or burning sensation in the
median nerve distribution, hand weakness, and reduced quality of life.1,2,3 CTS in
hemodialysis patients is recognized as an unremitting course, and surgical release
procedures are often required after a long period of hemodialysis.4,5
Traditionally, open carpal tunnel release (OCTR) is used in CTS patients on longterm hemodialysis, and has the advantage of direct and complete release of
pathogens.2 Friable skin, arteriovenous ﬁstula (AVF), and coagulopathy make
OCTR and extended OCTR prone to create more morbidities in hemodialysis patients
than in the general population.6 Endoscopic CTR (ECTR) has been applied from
idiopathic CTS to hemodialysis-related CTS. Although ECTR has superior short-term

Dovepress

Therapeutics and Clinical Risk Management downloaded from https://www.dovepress.com/ by 3.235.29.190 on 02-Apr-2020
For personal use only.

Wang et al

results, ﬁnal effectiveness is the same between idiopathic
and long-term hemodialysis patients at 3–6 months
postoperatively.7 However, the potential risk of incomplete
release and injury of adjacent neurovascular structures
restrict application of ECTR in idiopathic and long-term
hemodialysis patients.3,8
Ultrasound is a safe image modality and applied in
many medical procedures. Advances in high-frequency
musculoskeletal ultrasound have made related therapeutic
applications in many musculoskeletal pathogens possible.9
The structure of the carpal tunnel, including the transverse
carpal ligament (TCL), medial nerve, ﬂexor tendons, proximal palmar arch, and ulnar artery, are easily visible using
high-frequency ultrasound. Many studies have recently
reported ultrasound application in CTR, from cadaver
studies to clinical cases.10–14 Chern et al presented their
clinical experiences and outcomes of ultrasound-guided
percutaneous CTR (PCTR). This has proved to be
a effective and safe procedure for idiopathic CTS.11
Nonetheless, there have been few studies of the application of ultrasound-guided PCTR in hemodialysis patients.
The purpose of the current work is thus to present the
results of ultrasound-guided PTCR in a consecutive series
of hemodialysis patients with CTS.

Methods
Patient population
The study was reviewed and approved by the Ethics
Committee of National Cheng Kung University Hospital.
All participants were aware of the objective of this surgery
and signed informed-consent documents. This study was
conducted in accordance with the Declaration of Helsinki.
From February 2009 to April 2013, we performed 113
ultrasound-guided PCTRs in 84 hemodialysis patients with
CTS. Initial data collected were age, sex, duration of disease,
duration of hemodialysis, involved hand, symptom frequency, provocative factors, and comorbidity. CTS was diagnosed in accordance with clinical symptoms of pain,
paresthesia and numbness in median nerve distribution,
clumsiness, weakness of the hand, positive stimulation tests
of Tinel’s sign, ﬂick sign, Phalen’s test, and positive electrophysiological test results. The indication for surgery was any
hemodialysis patient with CTS who had failed on conservative treatment >3 months or clinical evidence of thenar
muscle atrophy or weakness. We excluded patients with
acute CTS, recurrent CTS, inﬂammatory arthropathy, and
documented peripheral neuropathy from the study.
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Operative procedures
All patients had hemodialysis the day before surgery. They
all received the same operative procedure: ultrasound
guided PTCR under local anesthesia without use of
a tourniquet. Firstly, ﬂexor tendons, the TCL, median
nerve, and bone landmarks were localized by an ultrasound
scanner (5–10 MHz; SonoSite, Bothell, WA, USA) and safe
zones determined. Secondly, insertion of the 21-gauge needle for 1% lidocaine inﬁltration and then creation of an inlet
with an 18-gauge needle for the probe was done. Thirdly,
the custom-made blunt probe was inserted subcutaneously
to create the correct tract, and the hook knife (Ectra; Smith
and Nephew, Andover, MA,USA) was introduced to cut the
TCL backwardly. After cutting, the probe was inserted to
evaluate adequate release. Real-time ultrasound was used to
monitor all these procedures 11 (Figure 1).

Postoperative care
The small puncture wound of the inlet was covered with
a dry dressing without suturing postoperatively. The dressing was able to be removed in the next day. These
patients were permitted to engage in all their daily activities and works as tolerated.

Assessing results and outcomes
Arrangements were made for patients to return to the
hospital 1 week and 1, 3, 6, 12, 18, and 24 months after
the operation. Postoperative assessments were performed
by an experienced orthopedic surgeon and a hand therapist. The assessment consisted of an interview with selfadministered questionnaires and a clinical examination,
including the same strength and sensitivity measurements.
Postoperatively, subjective improvement in symptoms
was rated from three grades (poor, fair,and good). Pre- and
postoperatively, patients completed the Carpal Tunnel
Syndrome Symptom Severity Score (CTS-SSS) and Carpal
Tunnel Syndrome Functional Status Score (CTS-FSS) questionnaires, which scaled the patients’ symptoms from 1 to 5,
with 5 representing the greatest symptoms or the most functional difﬁculty.15 Mean scores were recorded.
Digital sensibility was assessed by static two-point
discrimination and Semmes–Weinstein monoﬁlament
tests over the proximal and distal phalanges of the
thumb, middle and distal phalanges of the index, middle,
and ring ﬁngers, and the little ﬁnger for comparison. The
grip strength of involved and uninvolved hands was
assessed by all ﬁve settings of a hand dynamometer
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Figure 1 (A) Instruments for ultrasound-guided percutaneous carpal tunnel release: 18-gauge needle, 10 mL syringe with 21-gauge needle, custom-made blunt probe,
custom-made hook knife. (B) Insertion of the 21-gauge needle for lidocaine inﬁltration and then to create an inlet with an 18-gauge needle. (C) The custom-made blunt
probe was inserted subcutaneously to create the correct tract, and the hook knife was introduced to cut the TCL backwardly. (D) The probe was inserted to evaluate
adequate release.
Abbreviations: C, capitates; L, lunate; MC, metacarpal; TCL, transverse carpal ligament.

(Asimov Engineering, LA, CA, USA). We used the maximum grip strength for statistical analysis. Three-jaw
chuck-pinch strengths were measured using a pinch
meter (Therapeutic Instruments, Clifton, NJ, USA).

Statistical analysis
All measurements are expressed as means ± SD. GraphPad
(La Jolla, CA, USA) Prism 5.0 software was used to
analyze the different graded areas. One-way ANOVA was
used to analyze the measurements, and post hoc pair-wise
comparisons were performed in cases of signiﬁcant difference. Statistical signiﬁcance was set at P<0.05.

Results
This prospective study consisted of 113 consecutive primary
ultrasound-guided PCTR cases performed in 84 hemodialysis patients, including 56 women (67%) and 28 men (33%;
age range 39–75 years, average age 60.9±9.17 years) during
February 2009 to April 2013. The duration of patients on
hemodialysis averaged 7.53±3.23 (1.0–15) years. The duration of symptoms averaged 24.3±29.8 (0.5–120) months.
Diagnosis was recorded as bilateral CTS in 34 patients
(40%, 21 women and 13 men). CTS involved the AVF
hand in 75 (89%) patients. Before surgery, 42 (37%) hands
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had thenar muscle atrophy, 28 (25%) hands suffered from
symptoms all day, and 64 (57%) frequently. A total of 64
(57%) hands had symptoms that intensiﬁed during sleep, and
49 (43%) with repetitive movements of the wrist. In sum, 49
(58%) hands had positive Phalen’s tests, 63 (75%) positive
Tinel’s sign, and eight (10%) neither of these. Comorbidities
included 61 (73%) patients with trigger ﬁnger, 56 (66%) with
hypertension, 34 (41%) with diabetes, and 12 (14%) with
hyperlipidemia. The 34 recruited diabetic patients had no
concomitant evidence of peripheral neuropathy. All patients
tolerated the procedure, and division of the TCL was conﬁrmed by ultrasound postoperatively. Complete preoperative
data were accessible for all cases. All patients underwent
complete follow-up by reexamination or telephone.

Symptom relief, postoperative pain, and
tenderness
Subjective sensory disturbances, such as paresthesia and
hypoesthesia, improved immediately postoperatively, and
such sensory disturbances had dissolved in 82%, 80%, 86%,
89%, 90%, 91%, and 90% of cases at 1 week and 1, 3, 6, 12,
18, and 24 months after the operation, respectively. Evaluation
of pain at each follow-up is described in Table 1. Average
CTS-SSS was 3.49 and CTS-FSS 3.73 preoperatively. Both
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Table 1 Survey scale of symptom improvement after ultrasound-guided percutaneous release
1 week

1 month

3 months

6 months

12 months

18 months

24 months

Poor
Fair

7%
11%

8%
12%

5%
9%

3%
8%

1%
9%

1%
8%

1%
9%

Good

82%

80%

86%

89%

90%

91%

90%

scores improved continuously throughout the follow-up period. Moderate numbness occurred in 32.7% of patients within
1 week, 21.2% within 1 month, 7% within 3 months, and no
patients 18 months after the operation. Moderate pain occurred
in 11.5% of patients within 1 week, 8.8% within 1 month,
2.7% within three months, and no patients 12 months after the
operation. Ultimately, average CTS-SSS improved to 1.18 and
CTS-FSS to 1.00 at 24 months postoperatively (Table 2).

Sensory testing and strength
A total of 91 (91 of 113, 70.5%) hands revealed >6 mm in
the two-point discrimination evaluation preoperatively.
Postoperative scores (two-point discrimination >6 mm)
decreased to 46.7% at 1 week and 4.9% at 24 months.
Scores in both static two-point discrimination and
Semmes–Weinstein monoﬁlament examinations demonstrated signiﬁcant improvements after 1 week and
1 month postoperatively and with time. Grip and threejaw chuck-pinch strength scores averaged 15.17±14.3 and
4.87±2.1 kg preoperatively. Grip power had diminished at
1 week after operation, and then recovered and had signiﬁcantly increased at 3- and 6-month follow-up examinations. Three-jaw chuck-pinch strength showed a signiﬁcant
increase after 1 month postoperatively. Grip and three-jaw
chuck-pinch strength scores had increased to 17.11±10.6
and 9.98±3.6 kg at the ﬁnal follow-up. All these data
imply the effect of the operations (Table 3).

Wound healing and complications
In all patients, the wound healed uneventfully within a few
days and became invisible without other cosmetic problems. No patients had neurovascular structure/tendon
injury or superﬁcial/deep tendon–sheath infection.

Final outcomes
All 113 hands in this prospective study were assessed by
clinical examination or telephone review based on the
CTS-SSS and CTS-FSS. The satisfactory level of good
symptom improvement of the patients was 90% at the
ﬁnal 24-month follow-up. No patient suffered from moderate hand or wrist pain after 1 year postoperatively
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according to the CTS-SSS. Recovery of and improvement
in grip power was after 3 and 6 months postoperatively,
respectively. Three-jaw chuck pinch had increased signiﬁcantly after 1 month postoperatively.

Discussion
CTS in long-term hemodialysis patients has incidence
varying from 2% to 32%, which is higher than in the
general population. When it occurs in renal dialysis, it is
also recognized as more serious and unremitting.4,5 The
etiology of CTS in long-term hemodialysis patients is
unclear, and several factors relate to it, including duration
of dialysis, age, old age of patient at onset of dialysis,
dialysis-membrane characteristics, advanced glycosylation
end products, low serum albumin, diabetic nephropathy, β2
-microglobulin (β2MG) clearance, and sex.5,16–18 In our
study, female hemodialysis patients receiving surgery
comprised 67%, which is compatible with a Japanese
cohort study,18 although other studies had different results,
with an equal ratio or more of the male population.5,19
Dialysis-related β2MG amyloidosis deposits are considered to connect with synovial tissue hyperplasia, TCL
thickening and ﬂexor tenosynovitis, and all these may
cause CTS. There were 61 (73%) patients that also had
trigger ﬁnger in our study, and this may have been
a coeffect of dialysis-related β2MG amyloidosis. Some
studies have emphasized that AVF has a local effect on
the carpal tunnel in CTS,20,21 while AVF on arms with
CTS show a higher blood-ﬂow rate and double entrapment
of the median nerve is associated with polytetraﬂuoroethylene loop graft.16 Other studies found no clear relationship
between AVF and CTS.2,4,22 In the current work, 89% of
the hemodialysis patients had CTS at the AVF site. Many
systemic diseases contribute to and exacerbate the development of CTS, including rheumatoid arthritis, diabetes
mellitus, gout, acromegaly, hypothyroidism, and
amyloidosis.2,23 In this study, 41% patients had diabetes.
CTS caused by long-term hemodialysis has been recognized as a relatively advanced and incurable disease with acute
progression. The rather limited postoperative improvement
after CTR and the high recurrence rate would be expected in
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2.45±0.632
37(32.7%)

3.49±0.871
97(85.8%)
89(78.7%)
3.73±1.031

≥3 (pain), n (%)**
CTS-FSS
10(8.8%)
2.14±0.812

2.13±0.732,3
24(21.2%)

110/3

1 months

3(2.7%)
1.76±0.332

1.69±0.523
8(7%)

90/23

3 months

2(1.7%)
1.31±0.293

1.58±0.133
4(4%)

101/12

6 months

0
1.17±0.133

1.36±0.314
2(1.7%)

89/24

12 months

0
1.09±0.183

1.25±0.214
0

63/50

18 months

0
1.00±0.003

1.18±0.134
0

41/72

24 months

0.05

0.05

P-value
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4.61±0.731
5.03±4.62
3.12±3.41

5.17±0.671
15.17±14.31
4.87±2.11

SW monoﬁlament (mm)
Grip power (kg)

Three-jaw chuck pinch (kg)

6.10±2.72

4.17±0.772
11.71±10.93

36.3 (40 of 110)

110
6.47±1.852,3

1 month

6.12±3.12

3.96±0.792
13.35±11.21,3

23.3 (21 of 90)

90
6.19±1.333

3 months

7.14±3.23

3.81±0.752
16.79±9.54

16.8 (17 of 101)

101
6.06±1.783

6 months

8.19±3.14

3.67±0.712
17.13±10.84

20.2 (18 of 89)

89
6.17±1.733

12 months

Notes: Data presented as means ± SD unless otherwise indicated. Superscript numbers indicate statistically signiﬁcant differences across time points by post hoc test.
Abbreviations: S2PDS, static two-point discrimination test; SW, Semmes–Weinstein.

46.7 (51 of 109)

70.5 (91 of 113)

≥6 mm, % (n)

109
7.38±1.432

113
9.97±0.731

1 week

Physical exam, n
S2PDS (mm)

Baseline

Table 3 Results of ultrasound-assisted percutaneous release on sensations and strengths after surgery

8.03±3.44

3.27±0.673
16.01±10.94

11.1 (7 of 63)

63
5.93±0.764

18 months

9.98±3.64

3.14±0.873
17.11±10.64

4.9 (2 of 41)

41
5.35±0.624

24 months

0.05

0.05
0.05

0.05

P-value

Notes: *Number of patients assessed using a physical examination and face-to-face interview (physical examination) and a telephone interview (telephone). Both interviews used the same questionnaire. **1= no numbness/pain, 2= mild
numbness/pain, 3= moderate numbness/pain, 4= severe numbness/pain, 5= very severe numbness/pain. Superscript numbers indicate statistically signiﬁcant differences across time points by post hoc test.
Abbreviations: CTS-SSS, Carpal Tunnel Syndrome Symptom Severity Score; CTS-FSS, Carpal Tunnel Syndrome Functional Status Score.

13(11.5%)
2.75±1.732

109/4

113/0

CTS-SSS
≥3 (numbness), n (%)**

1 week

Physical exam/telephone*

Baseline

Table 2 Results of ultrasound-assisted percutaneous release on outcome measurements after surgery
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these patients.4,16,17 Surgical decompression of the carpal tunnel is suggested if conservative treatment has failed. ECTR,
OCTR, and extended OCTR are usually used in these patients.
Nonetheless, there are still no randomized trials or wellestablished guidelines for treating CTS in long-term hemodialysis patients. Theoretically extended or standard OCTR may
enable better view and complete decompression of the median
nerve. Neurolysis and synovectomy can be done in the same
procedure, although the effects remain controversial.7,24
ECTR is another alternative, with advantages of less postoperative pain, faster return to work, and fewer woundrelated complications. One study revealed that ECTR was
effective for idiopathic and long-term hemodialysis patients,
but with less satisfactory electrophysiological outcomes in the
latter.7 A meta-analysis compared OCTR and ECTR and
found that the ﬁnal results were the same.8 However, the
restricted endoscopic views of the anatomic structures, incomplete decompression, and potential risk of nerve or vessel
injury limit the use of ECTR.25–28
Ultrasound-assisted percutaneous release of trigger ﬁngers is now a safe and easy procedure,29–31 and ultrasoundguided PCTR has been described in several studies with
satisfactory preliminary results without injury to the surrounding structures.11,14,32–34 In a pilot open-label uncontrolled trial of 39 patients with ultrasound-guided PCTR,
Locoq et al observed scores for pain, formication, and discomfort experienced in the hand had signiﬁcantly reduced
by day 15.32 Chen et al presented results of ultrasoundguided PCTR in 91 CTS cases with 100% sensory disturbances, and showed 98.9% moderate pain disappearance in
12 months postoperatively without intra- or postoperative
complication.11 Another study involving 128 CTS patients
who received ultrasound-guided PCTR reported signiﬁcant
improvement in symptom severity and functional status
scores 6 months postoperatively. Follow-up magnetic resonance imaging showed a complete section of TCL and nerve
decompression in all patients.33 In a randomized clinical trial
to compare ultraminimally ultrasound-guided PCTR and
blind mini-OCTR, Rojo-Manaute et al found the former
provided early functional return and less postoperative morbidity with the same neurological recovery.34 The main
advantages of ultrasound-guided PCTR are minimizing surgical damage to nonetiologic anatomic structures and accurately restricting release to the anatomic ﬁbrous layer by
small skin incisions, strong resolution, and real-time ultrasound monitoring. The tools of the technique are simple and
inexpensive. The procedure has been proved to be safe and
effective in cadaveric and clinical studies.10,11,32–34 The
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limitation of the procedure is that it is technically demanding.
Nonetheless, the technical difﬁculty may be overcome with
high-frequency ultrasound, advance cadaver practice, and
repeated preoperative skills training.
To our knowledge, there have been no previous clinical
reports for ultrasound-guided PCTR in hemodialysis
patients. In this study, 90% of the patients had subjectively
good results with improved symptoms. All objective parameters (CTS-SSS, CTS-FSS, grip power, three-jaw chuckpinch strength, Semmes-Weinstein monoﬁlament tests, and
two-point discrimination tests) showed progressive and
signiﬁcant improvements during 2 years of follow-up.
The difference between subjective and objective satisfaction may be due to preoperative expectations of patients
for surgery.
There are some limitations regarding this study. There
was no comparative group to compare different surgical
strategies. Also, there was no collection of complete follow-up data for the clinical examination (78.7% and
36.3% at 12 and 24 months, respectively), although there
were telephone interviews using questionnaires (100%).

Conclusion
Ultrasound-guided PCTR is an effective and safe procedure in hemodialysis patients with CTS. Advantages
include a less invasive procedure, no tourniquet needed,
limited-inﬁltration anesthesia, minimal soft-tissue exploration, and relatively short operation time. Our data suggested this technique can reliably relieve clinical
symptoms and restore grip and pinch strength. Ultrasoundguided PTCR is a safe and effective procedure in hemodialysis patients with CTS.

Disclosure
The authors report no conﬂicts of interest in this work.
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