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Abstract

Background Carpal tunnel syndrome (CTS) is a common

complication in patients receiving long-term hemodialysis.

In the short-term however, these patients are less likely to

have pain relief and restoration of function after carpal

tunnel release. However, it is unclear whether patients who

have release for hemodialysis-associated CTS have dif-

fering persisting relief of symptoms compared with

patients with idiopathic CTS.

Questions/purposes We therefore compared (1) the

severity of pain and level of function in patients who had

release for hemodialysis-associated CTS with scores of

patients who had release for idiopathic CTS, and (2) the

operation-related complications.

Methods We retrospectively reviewed 36 patients with

CTS who were receiving hemodialysis and 54 patients with

idiopathic CTS. Control subjects were matched for age,

gender, and symptom severity. We obtained Boston Carpal

Tunnel Questionnaire (BCTQ) scores preoperatively and at

each followup. The minimum followup was 24 months

(mean, 44.3 months; range, 24–90 months), although all

comparisons were made at 2 years.

Results Two years after carpal tunnel release, the mean

BCTQ-symptom (S) /BCTQ-function (F) scores improved

from 3.3/2.1 to 2.1/2.1 in the hemodialysis-associated CTS

group and from 3.2/2.3 to 1.4/1.4 in the idiopathic CTS

group. All but six patients receiving hemodialysis had lower

(better) BCTQ-S scores than their initial scores. Four

patients had complications, all with hemodialysis-associated

CTS: two had revision carpal tunnel releases and two had

delayed wound healing. We observed no arteriovenous fis-

tula-related complication.

Conclusions Patients with hemodialysis-associated CTS

seem to remain impaired, unlike patients with idiopathic

CTS, but the majority of them might have much improved

CTS-related symptoms at 2 years after carpal tunnel

release.

Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

CTS is a common complication in patients undergoing

long-term hemodialysis [5, 6, 8–10, 18]. The prevalence of

CTS correlates with the duration of hemodialysis [5, 8],

and CTS reportedly affects 32% to 50% of patients more

than 10 years after the start of hemodialysis [8, 14] and

80% over 30 years [14]. The reasons why patients receiv-

ing long-term hemodialysis have CTS develop are unclear.

Several factors have been suggested to play a role in

inducing CTS in patients receiving long-term hemodialy-

sis, including venous hypertension distal to the sites of
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vascular access, increased extracellular fluid volume,

thickening of the transverse retinacular ligament, flexor

tenosynovitis, b2 microglobulin amyloid deposition, and

arterial steal syndrome [5–7, 10, 13].

Surgical release of the transverse carpal ligament is

commonly performed in patients with severe symptoms of

hemodialysis-associated CTS [6, 9, 13, 15–18]. Approxi-

mately 5% of patients receiving hemodialysis have

reported a history of carpal tunnel release [16]. Several

studies showed that patients with hemodialysis-associated

CTS have less relief of symptoms after surgical release

than those with idiopathic CTS [9, 11] and that their

symptoms recur frequently, with rates ranging from 4.2%

to 46.7% after carpal tunnel release [6, 9, 11, 17]. How-

ever, these observations are largely based on assessments

by tools that have not been standardized, proven repro-

ducible, validated, or responsive to clinical changes, and

the studies reported variable followup periods ranging from

a mean of 11.7 to 33 months [6, 9, 11, 13, 17]. Although

CTS is common in patients receiving long-term hemo-

dialysis, the available literature does not confirm whether

patients with hemodialysis-associated CTS do worse than

those with idiopathic CTS.

The purposes of this study were twofold: (1) to compare

the pain and function in patients with hemodialysis-

associated CTS with those of carpal tunnel release in

patients with idiopathic CTS at 2 years after carpal tunnel

release; and (2) to compare the operation-related compli-

cations after carpal tunnel release in patients with

hemodialysis-associated and idiopathic CTS.

Patients and Methods

From January 2003 and July 2008, we treated 236 patients

who underwent carpal tunnel release for CTS. Of these,

36 patients with end-stage renal disease (ESRD) had

hemodialysis-associated CTS (HD-CTS group); they were

matched with 54 patients with idiopathic CTS (I-CTS).

CTS was diagnosed with clinical symptoms and signs and

positive electrophysiologic findings [2]. Surgical indica-

tions included failed nonoperative treatment more than

3 months, clinical evidence of median nerve denervation

like thenar muscle atrophy or weakness, and the patient’s

decision to directly undergo surgical treatment. For this

study we excluded 93 patients with (1) a history of preg-

nancy, trauma, or previous carpal tunnel release (n = 8);

(2) an associated disease that might affect outcome such as

diabetes mellitus, hypothyroidism, rheumatoid arthritis,

cervical radiculopathy, other peripheral nerve entrapments,

except ESRD (n = 17); (3) other associated tenosynovitis

of the same hand such as trigger finger or de Quervain

disease (n = 21); or (4) inadequate followup (less than

24 months) (n = 47). The minimum followup was

24 months (mean, 44.3 months; range, 24–90 months)

although all postoperative comparisons were made only at

24 months for consistency. No patients were recalled spe-

cifically for this study; all data were obtained from medical

records and radiographs. Prior Institutional Review Board

approval was obtained for our study.

All of the patients with hemodialysis-associated CTS

were right-handed. There were eight men and 28 women

with a mean age of 59.8 years (range, 44–80 years). The

right hand was involved in 20 patients and the left in 24. A

functioning arteriovenous fistula (AVF) was located on the

right forearm in 14 patients and the left in 22 patients. Four

patients also had an obstructed AVF on the left forearm.

The mean duration of hemodialysis was 15.5 years (range,

8–26 years). The mean time from the onset of CTS

symptoms to carpal tunnel release was 18.0 months (range,

6–60 months).

We matched the comparison group of patients with idi-

opathic CTS by gender, age, and symptom severity. To

match age, we used a 5-year age band to select control

subjects. We did not include left-handed patients. To match

symptom severity, we chose patients with idiopathic CTS

whose difference in the BCTQ-S score was less than 0.5

among the age-matched patients in the I-CTS group The

I-CTS group included 54 patients with 11 men and

43 women and a mean age of 59.2 years (range,

45–76 years). The mean time from the onset of CTS

symptoms to carpal tunnel release was 34.4 months (range,

8–120 months). Among our study population, eight patients

with hemodialysis-associated CTS and 12 patients with

idiopathic CTS had carpal tunnel release on both hands;

however, we analyzed only the dominant hands in these

patients (Table 1).

Table 1. Comparison of the preoperative demographic data

Demographic HD-CTS

group

I-CTS

group

Mean age in years (95% CI) 59.8 (57.1–62.5) 59.2 (57.2–61.3)

Gender (male/female) 8/28 12/42

AVF side (right/left/bilateral) 10/22/4

Duration of HD in years (95% CI) 15.5 (13.5–17.1)

Number of hands with thenar

atrophy (yes/no)

11/25 15/41

Mean time of symptom to

surgery in months (95% CI)

18.0 (12.0–24.0) 34.4 (25.1–43.7)

Preoperative BCTQ score

Symptom score (95% CI) 3.3 (3.1–3.5) 3.2 (3.1–3.3)

Function score (95% CI) 2.1 (1.8–2.4) 2.3 (2.1–2.4)

HD = hemodialysis; CTS = carpal tunnel syndrome; I = idiopathic; AVF =

arteriovenous fistula; BCTQ = Boston Carpal Tunnel Questionnaire; CI =

confidence interval.
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The mean duration of symptoms before surgery was

shorter in the HD-CTS group than in the I-CTS group:

18.0 months versus 34.4 months, respectively (Table 1).

The mean preoperative BCTQ-S score (95% CI) and

BCTQ-F score (95% CI) were 3.3 (3.1–3.5) and 2.1

(1.8–2.4) in the HD-CTS group and 3.2 (3.1–3.3) and 2.3

(2.1–2.4) in the I-CTS group. These scores mean that the

patients with hemodialysis-associated CTS experienced an

abrupt increase of symptoms in a relatively short time

compared with patients with I-CTS (p = 0.009).

Surgery was performed by the senior author (SBH). The

patient was placed under general or regional anesthesia and

positioned in the supine position with the affected arm

supported by a hand table. For patients with hemodialysis-

associated CTS and an ipsilateral AVF, a sterile 1-inch

tourniquet was applied just proximal to the wrist crease to

prevent AVF obstruction (a complication that could happen

with the use of a standard pneumatic tourniquet proximal to

the AVF site). For all other patients, a standard pneumatic

tourniquet was applied at the upper arm. For all patients,

we used the limited open approach to release the transverse

carpal ligament as previously described [4, 15]. We made a

longitudinal incision from Kaplan’s cardinal line, 3 to

4 mm ulnar to and parallel with the thenar crease, 3 cm

long toward the ulnar border of the palmaris longus tendon.

We bluntly dissected the subcutaneous tissues and exposed

the transverse carpal ligament. The proximal edge of the

ligament was incised carefully, and a blunt probe was

inserted to protect the underlying median nerve while the

ligament was divided under direct vision using scissors.

Because hypertrophic tenosynovitis was identified in seven

hands of five patients with hemodialysis-associated CTS,

we simultaneously performed a tenosynovectomy. None of

the patients with idiopathic CTS had tenosynovectomy in

our series. The tourniquet then was deflated, and meticu-

lous hemostasis was established.

Postoperative splints were not used, and all patients were

instructed in performing ROM exercises for the fingers and

wrist. The sutures were removed 2 weeks postoperatively.

Manual scar massage then was encouraged for scar desen-

sitization and to decrease scar adhesion to the underlying

tissues. At 4 to 6 weeks after surgery, patients were allowed

to return to work with a 2-pound weight restriction, and at 6

to 8 weeks after surgery, they were allowed full activities

without restrictions.

Postoperatively, patients were followed up in the out-

patient clinic at 2 weeks, 6 weeks, 3 months, 6 months,

and annually thereafter. The symptoms and functional

status were assessed before surgery and at each followup.

One observer (BRK) not involved in the treatment evalu-

ated the symptoms and functional status of patients

preoperatively and at each followup with the BCTQ [1, 3,

12]. The BCTQ is a disease-specific, self-administrated,

and patient-based questionnaire that incorporates a symp-

tom severity scale and a functional status scale. The BCTQ

was introduced in 1993 and has become a well-recognized

and validated outcome assessment tool for CTS [12]. The

symptom severity (BCTQ-S) scale is comprised of 11 items

that address symptom severity, frequency, and duration of

symptoms, whereas the functional status (BCTQ-F) scale is

comprised of eight questions that assess the difficulty of

performing eight daily tasks. Each question offers five

possible responses of increasing severity that are scored

from 1 (none) to 5 (most severe); that is, a lower score

means less pain and better function. We calculated the

mean values of all items in the BCTQ. If a patient had

recurrent CTS symptoms after carpal tunnel release, the

patient was asked the duration of the symptom-free period.

We evaluated the difference between preoperative and

postoperative BCTQ scores in each group using the paired

t-test and compared preoperative and postoperative BCTQ

scores between the two groups using the independent t-test.

The chi-square test was used to compare the incidence of

complications between the two groups. We used SPSS

Version 18.0 (SPSS, Inc, Chicago, IL, USA) for statistical

analyses.

Results

Two years after carpal tunnel release, the mean BCTQ-S

score (95% CI) and BCTQ-F score (95% CI) improved to

2.1 (range, 1.8–2.5) and 2.1 (range, 1.8–2.4) in the HD-

CTS group and 1.4 (range, 1.3–1.5) and 1.4 (range,

1.3–1.5) in the I-CTS group (Table 2). The patients

receiving hemodialysis had higher (p \ 0.001) BCTQ-S

scores and BCTQ-F scores than the patients with idiopathic

CTS. All but six patients with hemodialysis-associated

CTS had lower BCTQ-S scores at 2 years followup than

Table 2. Summary of clinical outcomes at 2 years after surgery

BCTQ score HD-CTS group I-CTS group p value

Symptom score (95% CI)

Preoperative 3.3 (3.1–3.5) 3.2 (3.1–3.3) 0.696

Two years after surgery 2.1 (1.8–2.5) 1.4 (1.3–1.5) \ 0.001

p value \ 0.001 \ 0.001

Function score (95% CI)

Preoperative 2.1 (1.8–2.4) 2.3 (2.1–2.4) 0.257

Two years after surgery 2.1 (1.8–2.4) 1.4 (1.3–1.5) \ 0.001

p value 0.682 \ 0.001

BCTQ = Boston Carpal Tunnel Questionnaire; HD-CTS = hemodialysis-

associated carpal tunnel syndrome; I-CTS = idiopathic carpal tunnel

syndrome; CI = confidence interval.
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the score measured before surgery. In contrast, all patients

with idiopathic CTS had lower BCTQ-S scores.

Four patients in the HD-CTS group had complications:

two had delayed wound healing and two had revision

carpal tunnel release at 15 and 21 months after the index

carpal tunnel release resulting from recurrent symptoms.

The patients who underwent revision surgery had symp-

tomatic improvement but residual symptoms at last

followup (8 and 13 months after revision surgery). No

patient reported AVF-related complications after carpal

tunnel release.

Discussion

CTS occurs in approximately 10% of patients receiving

long-term hemodialysis, a much higher incidence than for

idiopathic CTS in the general population [6]. Furthermore,

the prevalence of CTS correlates with the duration of he-

modialysis [5, 8, 14]. Although these patients are likely to

have less favorable symptoms and functional status after

carpal tunnel release, it is unclear if patients who have release

for hemodialysis-associated CTS have differing long-term

relief of symptoms compared with patients with idiopathic

CTS. We therefore compared (1) the BCTQ scores and (2)

the operation-related complications in patients who had

carpal tunnel release for hemodialysis-associated CTS with

those of patients who had release for idiopathic CTS.

There are several limitations to this study. First, this was

a retrospective case-control study that compared the

symptoms and functional status of carpal tunnel release

between patients with hemodialysis-associated CTS and

idiopathic CTS. Because we matched patients in the con-

trol group for age, gender, and diseased hand with patients

in the hemodialysis-associated CTS group, the control

group may not truly represent the general population of

patients with idiopathic CTS. Second, we compared only

the symptoms and functional status at 2 years after surgery

in both groups. The short-term outcomes of carpal tunnel

release are beyond the scope of this study. In addition,

several studies have described relief of CTS symptoms

with short-term followup after carpal tunnel release in

patients with hemodialysis-associated CTS [6, 13, 17].

Third, we performed flexor tenosynovectomy in only five

patients (seven hands) with hypertrophic tenosynovitis in

hemodialysis-associated CTS. Therefore, the efficacy of

tenosynovectomy in relieving symptoms or recurrence

cannot be evaluated by the findings of our study. In addi-

tion, we did not control whether tenosynovectomy was

performed when matching the comparison group of

patients with idiopathic CTS because tenosynovectomy

rarely is needed in this group of patients.

Despite surgical release of the transverse carpal liga-

ment being common in patients with severe symptoms of

CTS, few clinical studies with adequate followup periods

have assessed patients receiving long-term hemodialysis

with a validated assessment. According to previously

published studies [6, 11, 13, 17], improvement of CTS

symptoms rates from 53.3% to 95.8% and the duration of

hemodialysis and CTS symptoms are likely to be important

factors determining recovery from CTS symptoms after

carpal tunnel release (Table 3). However, these studies are

based largely on assessments by tools that have not been

standardized, proven reproducible, validated, or responsive

to clinical changes. Furthermore, three of these articles

included data from patients who had only very short-term

followup of 2 or 6 months [6, 13, 17]. We compared the

scores of the BCTQ, a well-recognized and validated out-

come assessment tool for CTS, in patients with

hemodialysis-associated CTS with those of carpal tunnel

release in patients with idiopathic CTS at 2 years after

carpal tunnel release. Patients with hemodialysis-associated

CTS had improved (lower) BCTQ symptom scores in

comparison to their preoperative symptom scores, although

their scores were much higher than those for patients with

idiopathic CTS at 2 years after carpal tunnel release.

Approximately 83.3% of our patients with hemodialysis-

associated CTS reported improvement of CTS symptoms

compared with their initial symptoms. Two previous

studies considered flexor tenosynovectomy for patients

with severe flexor tenosynovitis at the time of carpal tunnel

release [6, 9]. One of these studies compared two groups of

Table 3. Comparison of the clinical outcomes of various studies

Study Number of

patients

(hands)

Mean duration

of HD (years)

Number of patients

(hands) who underwent

tenosynovectomy

% of hands reported

with improvement

of symptoms

Symptom

recurrence

(hands)

Mean followup

(months)

Naito et al. [13] 31 (43) 9.7 0 95.3 0 11.7 (range, 6–21)

Gilbert et al. [6] 41 (71) 8.2 6 (9) 95.8 3 31 (range, 2–67)

Kim et al. [11] 8 (15) 15.6 0 53.3 7 33 (range, 24–68)

Shiota et al. [17] 91 (113) 14.6 35 (43) 88.5 18 20.4 (range, 6–62)

Current study 36 (44) 15.5 5 (7) 83.3 6 44.3 (range, 24–90)

HD = hemodialysis.
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patients who underwent carpal tunnel release with or

without flexor tenosynovectomy and concluded flexor

tenosynovectomy seemed to reduce the recurrence of CTS

symptoms [9]. We agree that flexor tenosynovectomy

should be performed with carpal tunnel release when

patients with hemodialysis-associated CTS have severe

flexor tenosynovitis. However, we do not think the proce-

dure should be done for all patients with hemodialysis-

associated CTS even if they have a mild form of tenosynovitis.

We also aimed to compare patients with hemodialysis-

associated CTS and idiopathic CTS in terms of complica-

tions related to carpal tunnel release. Four of our patients

had complications, all were in the HD-CTS group: two had

revision carpal tunnel releases and two had delayed wound

healing. Patients with hemodialysis-associated CTS seem

to have a greater chance of experiencing complications

after carpal tunnel release than patients with idiopathic

CTS (p = 0.012). Other studies also reported similar

rates of revision carpal tunnel release in patients with

hemodialysis-associated CTS [6, 11], even though recur-

rence rates of CTS symptoms were much higher, ranging

from 4.2% to 46.7% [6, 11, 17]. No AVF-related compli-

cation was observed in our series. For carpal tunnel release

in patients with an ipsilateral AVF, a sterile 1-inch tour-

niquet was applied just proximal to the wrist crease to

prevent AVF obstruction. Other studies rarely have reported

AVF-related complications even though the pneumatic

tourniquet was applied around the upper arm [11, 13].

However, AVF-related complications should be kept in

mind if the carpal tunnel release takes longer than usual

when the pneumatic tourniquet is used.

The majority of our patients with hemodialysis-associ-

ated CTS had impairment 2 years after carpal tunnel

release, whereas the patients with idiopathic CTS did not.

The CTS-related symptoms were much less severe than

preoperative symptoms in patients receiving long-term

hemodialysis. Therefore, although carpal tunnel release did

not completely resolve the symptoms at 2 years after sur-

gery, most patients were improved and we recommend

carpal tunnel release for patients with hemodialysis-asso-

ciated CTS if nonoperative treatment fails.
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