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Background: Carpal tunnel syndrome (CTS) is one of the most common complications among hemodialysis (HD)
patients. This study aimed to assess the prevalence of CTS in HD patients using clinical and noninvasive ultrasound
(US) criteria.

Methods: A cross-sectional, observational study was conducted on 94 HD patients to evaluate CTS manifestations
and demographic, clinical, and laboratory data. The median nerve (MN) cross sectional area (CSA) (MN-CSA) was
estimated by US examination at the pisiform and hamate levels. Both hands were evaluated, and the higher MN-CSA
was considered.

Results: Neuropathic pain and nocturnal numbness at MN distribution were present in 40.4% and 18.1%,
respectively, while Tinel’'s test was positive in 25.5% of patients. A MN-CSA > 11.5 mm? identified the probability
of CTS with 63% sensitivity and 80% specificity. Patients with CTS had higher serum calcium (P = 0.02) and lower
parathyroid hormone (PTH) (P = 0.02). CTS was frequently developed on the same side of an arteriovenous fistula.
The MN-CSA had positive correlations with age, serum phosphorus, and visual analogue scale (VAS) score (P = 0.01,
0.01, and 0.03 respectively) and a negative correlation with PTH level (P = 0.007). Serum phosphorus level (P = 0.015)
and VAS (P = 0.04) were the significant predictors of MN-CSA.

Conclusion: CTS appears to frequently occur in HD patients. US examination may be helpful in detection of CTS and
can be an alternative to electrodiagnostic studies in HD patients.
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Introduction

The prevalence of end-stage renal disease (ESRD) is in-
Received January 20, 2020; Revised April 17, 2020;

Accepted April 24, 2020 creasing worldwide [1]. Maintenance hemodialysis (HD)

Edited by Young-Ki Lee, Hallym University, Seoul, Republic of Korea
Correspondence: Samar Tharwat

Rheumatology & Immunology Unit, Department of Internal
Medicine, Faculty of Medicine, Mansoura University, Mansoura
University Hospital, El Gomhouria St, Mansoura 35511, Dakahlia
Governorate, Egypt. E-mail: samartharwat2oo00@yahoo.com

Copyright © 2020 by The Korean Society of Nephrology

©@ This is an open-access article distributed under the terms of the Creative
Commons Attribution Non-Commerecial License (http://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work
is properly cited.

therapy is the most common mode of renal replacement
therapy [2]. HD patients are susceptible to many comor-
bid conditions, such as cardiovascular disease, anemia,
and peripheral neuropathy [3].

Peripheral neuropathy is a common complication that
affects 60% to 100% of chronic kidney disease (CKD) pa-
tients [4]. Despite the adequacy of dialysis, peripheral
neuropathy remains a major disabling problem that has
a negative impact on the health-related quality of life of
such patients [4]. This may be caused by uremic neuropa-
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thy or dialysis-related amyloidosis [5].

Carpal tunnel syndrome (CTS), a specific form of pe-
ripheral neuropathy, is highly prevalent among HD pa-
tients, especially those with a long history of HD [6]. Its
diagnosis is based mainly on clinical examination and
electrodiagnostic testing, which is time-consuming and
potentially painful [7].

Ultrasound (US) imaging has been used successfully for
the evaluation of CTS [8]. It can be a considered as a first
line tool for diagnosis due to its accuracy, availability,
and noninvasiveness in comparison to electrodiagnostic
studies [9]. Several diagnostic criteria have been sug-
gested for the diagnosis of CTS using US [10]. Some re-
ports suggested measuring the median nerve (MN) cross-
sectional area (CSA) (MN-CSA) at the pisiform or the
inlet level of the carpal tunnel [11]. According to Borire et
al [12], the MN-CSA correlated significantly with electro-
physiological studies in HD patients. Moreover, Xin et al
[13] found that the presence of CTS in HD patients can be
predicted by a CSA cutoff value of 11 mm? with a sensitiv-
ity and specificity of 79.2% and 84%, respectively.

Most of the studies that evaluated the prevalence and
risk factors of CTS among HD patients used a clinical
diagnosis of CTS or electrodiagnostic studies. To the
best of our knowledge, only a few studies have assessed
the prevalence of this disorder in HD patients using US.
Therefore, this study was carried out to assess the preva-
lence of CTS among HD patients using both clinical and
US criteria and to investigate the factors associated with
MN-CSA among those patients.

Methods
Study patients

This cross-sectional, observational study was con-
ducted from October 2018 to March 2019 among 94 HD
patients at Mansoura Nephrology and Dialysis Unit
(MNDU), Mansoura University Hospital, Egypt. The
sample size was selected as a convenience sample; all pa-
tients that met the inclusion criteria were invited to par-
ticipate in the study, unless they were excluded by any of
the exclusion criteria or refused to participate. All partici-
pants signed informed consent prior to their enrollment
in the study. The study was approved by the Mansoura
Faculty of Medicine Institutional Research Board (ap-
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proval number: R.20.04.828).

The inclusion criteria included patients with ESRD on
HD who were 18 years of age or older and on regular HD
for more than 6 months. The exclusion criteria were dia-
betes; hypothyroidism; connective tissue disease; history
of significant hand trauma, wrist fracture, or surgery; or
clinical evidence of cervical radiculopathy or polyneu-
ropathy.

Demographic data including age and sex were collect-
ed. Height and dry body weight of all patients were mea-
sured, and body mass index (BMI) was calculated. Other
clinical characteristics (e.g., the side of the fistula, the du-
ration of HD, presence of hypertension, and therapeutic
history) were collected from each patient by interview.

Blood sampling and laboratory tests

Blood samples were collected from the arteriovenous
fistulae (AVF) just before starting the first HD session of
a week. Routine laboratory tests were performed on the
days of blood sampling using an automated analyzer.

Clinical evaluation of CTS

The participants were asked about the presence of neu-
ropathic pain or nocturnal numbness at the distribution
of the MN at the hand. The visual analogue scale (VAS)
was used to quantify the pain reported by the patient,
ranging from zero (no pain) to ten (maximum pain).

The hand was examined using the Tinel’s test. The
Tinel’s test was performed by tapping on the MN at the
wrist joint repeatedly, 4 to 6 times, and the presence of
neuropathic pain at the MN distribution was considered
to be a positive test [14].

US evaluation of MN

All sonographic examinations were performed by an
expert rheumatologist in the field of musculoskeletal so-
nography having at least 5 years of experience. The rheu-
matologist was blinded to the clinical assessment of the
patients at the time of evaluation. The US machine used
was the EDAN U2 ultrasound device (Shenzhen, China)
with a linear array transducer (8 to 13.4 MHz). A frequency
of 13 MHz was used, and the sonographic parameters were
adjusted in order to obtain optimal images of the MN.
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All subjects were seated with the elbow flexed to 90° kept perpendicular to the examined MN. No additional
and the wrist and fingers extended. Transverse images force was applied other than the weight of the transducer
of the MN were obtained at the wrist joint at the pisiform  to avoid any artificial deformity of the MN. The MN-CSA
and hamate levels (tunnel inlet). The transducer was was measured at the site of maximum enlargement of the

Table 1. Clinical and laboratory parameters according to the presence of carpal tunnel syndrome

Variable All patients (n = 94) Without CTS (n = 65) With CTS (n = 29) P value

Age (yr) 52.90 + 13.38 51.7+14.6 55.5+9.3 0.23

Sex 0.1
Male 60 (63.8) 45 (69.2) 15 (51.7)

Female 34 (36.2) 20 (30.8) 14 (48.3)

Underlying causes of ESRD 0.83

Hypertensive nephrosclerosis 42 (44.7) 31 (47.7) 11 (37.9)
Chronic interstitial nephritis 7(7.4) 6(9.2) 1(3.4)
ADPKD 6 (6.4) 4(6.2) 2(6.9)
Chronic glomerulonephritis 4(4.3) 2(3.1) 2(6.9)
Chronic obstructive uropathy 4(4.3) 2(3.1) 2(6.9)
Chronic pyelonephritis 2(21) 1(1.5) 1(3.4)
Chronic graft failure 2(2.1) 1(1.5) 1(3.4)

Unknown cause 27 (28.7) 18 (27.7) 9(31.0)

Dialysis duration (mo) 30 (12—-60) 30 (18-60) 24 (12—60) 0.36
< l-year 16 (17.0) 10 (15.4) 6(20.7) 0.65
1-5 years 57 (60.6) 39 (60.0) 18 (62.1)
> 5 years 21(22.3) 16 (24.6) 5(17.2)

Body mass index (kg/m?) 28.35+5.6 28.1+55 28.8+5.7 0.58

Hemoglobin (g/dL) 10.33+1 10.4 £ 0.98 10.1+1.15 0.28

TSAT (%) 37 (24.75-53) 35 (24.2-53) 44 (24.5-55) 0.21

Albumin (g/dL) 41+0.25 4.06 £ 0.25 415+0.24 0.14

Cholesterol (mg/dL) 116 (92.75-156.25) 118 (92.25-152) 104 (91.75-178.25) 0.72

Triglycerides (mg/dL) 86 (46.75—-184) 76.5 (66—191) 100.5 (59.5-157) 0.86

Calcium (mg/dL) 8.46 +1.33 8.2+1.23 8.9 +1.39 0.02

Phosphorus (mg/dL) 6.44+2.3 6.2 £2.28 6.9 +£2.33 0.18

PTH (pg/mL) 450 (162.75-812) 518 (196-937) 269 (121-530) 0.02

KT/V 1.30+0.33 1.27 £0.29 1.35+0.37 0.29

CRP (mg/L) 3.8(2.15-6.38) 3.88(1.98-6.31) 3.6 (2.27-8.17) 0.75

AVF side 0.04
The same side of CTS 7 (50.0) 28 (43.1) 9 (65.5)

The opposite side of CTS 7 (50.0) 37 (56.9) 0(34.5)

Neuropathic pain at the median nerve distribution 8(40.4) 22(33.8) 6 (55.2) 0.05

Nocturnal numbness at the median nerve distribution 17 (18.1) 6(9.2) 11 (37.9) 0.001

Positive Tinel’s test 4 (25.5) 9(13.8) 5(51.7) <0.001

Cross sectional area of the median nerve (mm?) 9(6-13) 8 (5.5-9) 6(13.5-18.5) <0.001

Visual analogue scale 0(0-1) 0(0-2.75) 2(0-4.5) 0.01
Quantitative variables are expressed as mean + standard deviation for normally distributed data and median (interquartile range) for non-normally distributed data.
Qualitative variables are expressed as number (%). P value refers to comparisons between the 2 groups, according to the presence of carpal tunnel syndrome (MN-CSA >
11.5 mm?).

ADPKD, autosomal dominant polycystic kidney disease; AVF, arteriovenous fistula; CRP, C-reactive protein; CTS, carpal tunnel syndrome; ESRD, end-stage renal
disease; KT/V, K: dialyzer clearance of urea, T: dialysis time, V: volume of distribution of urea; MN-CSA, median nerve cross-sectional area; PTH, parathyroid hormone;
TSAT, transferrin saturation.
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MN. The CSA was assessed by tracing the margin of the
hypoechoic nerve fascicles and the interior of the hyper-
echoic nerve sheath. Both hands were evaluated, and the
higher value of the MN-CSA was considered for statistical
purposes.

Statistical analysis

Data were collected, revised, verified, and analyzed us-
ing IBM SPSS Statistics version 21.0 for Windows (IBM
Corp., Armonk, NY, USA) on a personal computer. Medi-
ans (interquartile range [IQR]) or means + standard de-
viation were used for all quantitative values, while num-
bers of cases and percentages (%) were used to describe
qualitative variables. Receiver operating characteristic
(ROC) curve analysis was performed for the MN-CSA to
identify the cutoff point above which CTS is likely. The
cutoff point achieving the best sensitivity together with
the best specificity was selected. After examining the dis-
tribution of continuous variables for normality using the
Shapiro-Wilk test, the significance of differences between
two groups was determined by the independent samples
t test for normally distributed variables or by the Mann-
Whitney test for non-parametric variables, as appropri-
ate. Chi-square or Fisher exact tests were used for com-
parison between qualitative variables, as appropriate.
Univariate correlation analyses using the Spearman’s test
were performed to define significant factors that affected
MN-CSA. Subsequently, 4 significant factors, comprising
a mix of demographic, clinical, and laboratory factors,
were subjected to a multivariate linear regression model
using the enter approach to assess the predictors of MN-
CSA. The goodness of fit for the model was tested using
chi-square goodness of fit tests. The statistical signifi-
cance level was set at < 0.05 if P value is less than 0.05.

Results

Ninety-four HD patients (60 males and 34 females) were
successfully recruited to participate in the study. The
mean age of the studied patients was 52.90 + 13.38 years,
and the mean BMI was 28.35 + 5.6 kg/m”. Other clinical,
demographic, and laboratory data of the participants are
described in Table 1.

As demonstrated in Table 1, neuropathic pain and noc-
turnal numbness at the distribution of the MN were pres-
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ent in 40.4% and 18.1% of the studied patients, respective-
ly, while Tinel’s test was positive in 25.5% of patients. The
median of the MN-CSA was 9 mm” with IQR 6 to 13 mm”.

Using the clinical criteria of presence of neuropathic
pain at the MN distribution together with positive Tinel’s
test as the reference diagnostic criteria for CTS, a ROC
curve was developed to identify the threshold value of
MN-CSA that can indicate the probability of CTS. An MN-
CSA value of 11.5 mm® or more identifies the probability
of CTS with 63% sensitivity and 80% specificity, as shown
in Fig. 1.

Using MN-CSA > 11.5 mm®as a diagnostic criterion,
about 31% of the patients had CTS. There was no signifi-
cant difference in the age, sex, BMI, or duration of dialy-
sis between patients with and without CTS. Regarding
biochemical data, patients with CTS (n = 29) had higher
serum calcium levels (P = 0.02) and lower parathyroid
hormone (PTH) levels (P = 0.02) than those without. For
about two-thirds of these patients (n = 19, 65.5%), the
side of the AVF was the same side of MN thickening, as
shown in Table 1.

As expected, patients with CTS had a higher percentage
of neuropathic pain, nocturnal numbness, and positive
Tinel’s test at the MN distribution, a higher VAS score for
pain, and a higher MN-CSA (P = 0.05, 0.001, < 0.001, 0.01,
and < 0.001, respectively), as shown in Table 1.

The MN-CSA had a positive correlation with age, serum
phosphorus, and VAS (P = 0.01, 0.01, and 0.03, respectively)

ROC curve
1.0 4
0.8 1
> -
‘@ AUC 0.682
$ 0.4 P 0.008
95% Cl  |0.552-0.812
02 Cut off point 11.5
Sensitivity 63%
Specificity 80%
0-0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 1. Receiver operating characteristic (ROC) curve analy-
sis for ultrasonographic diagnosis of carpal tunnel syndrome
using the cross-sectional area (CSA) of the median nerve (MN).
AUC, area under the curve; Cl, confidence interval.
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Table 2. Univariate correlation analyses for factors associated
with the cross-sectional area of the median nerve in the study
patients (n = 94)

Table 3. Multiple linear regression analyses to identify the pre-
dictors for the cross-sectional area of the median nerve among
the study patients (n = 94)

Variable r? P Independent variable Beta P value
Age (yr) 0.26 0.01 Constant 0.55
Dialysis duration (mo) -0.12 0.30 Age (yr) 0.205 0.056
Body mass index (kg/m?) 0.11 0.32 Serum phosphorus (mg/dL) 0.259 0.015
Hemoglobin (g/dL) ~0.045 0.69 PTH (pg/mL) ~0.176 0.1
TSAT (%) 0.17 0.14 Visual analogue scale 0.217 0.04
Albumin (g/dL) 0.08 0.46 PTH, parathyroid hormone.
Cholesterol (mg/dL) 0.068 0.55
Triglycerides (mg/dL) 0.05 0.68 . . .
Calcium (mg/dL) 046 044 This cross-sectional study was carried out to evaluate
Phosphorus (mg/dL) 0.263 0.01 the prevalence of CTS among 94 HD patients through
PTH (pg/mL) ~03 0.007 both clinical evaluation and measurement of the MN-
KT/V 0.03 0.79 CSA using US. The associations between MN-CSA and
CRP (mg/L) 0.033 0.77 several epidemiological, clinical, and laboratory factors
Visual analogue scale 0.21 0.03 were assessed. One rheumatologist with more than 5

CRP, C-reactive protein KT/V, K: dialyzer clearance of urea, T: dialysis time, V:
volume of distribution of urea; PTH, parathyroid hormone; TSAT, transferrin
saturation.

®Correlation coefficient by Spearman correlation test.

and a negative correlation with the PTH level (P = 0.007),
as shown in Table 2. Multiple linear regression analysis
was performed using the enter approach. Four potential
confounders that can affect MN-CSA were included in the
model. Among the studied variables, serum phosphorus
level and VAS were the significant predictors of MN-CSA,
as shown in Table 3.

Discussion

CTS is the most common mononeuropathy in HD pa-
tients, having considerable impact on their quality of life
[15]. It is caused mainly by amyloid deposition inside
the carpal tunnel [16]. Patients usually complain of an
intermittent “pins-and-needles" paresthesia in the MN
distribution at the hand [17]. Diagnosis is based on clini-
cal findings, along with corroborating electrodiagnostic
or ultrasonographic studies [18]. US has recently received
increased attention for the evaluation of CTS as it is more
widely available, noninvasive, and has lower costs [19].
US of the carpal tunnel can be useful for the assessment
of CTS [20] and evaluation of dialysis-related amyloidosis
[21]. To the best of our knowledge, only a few studies in
the literature have evaluated US as a diagnostic tool for
CTS among HD patients [21].

years of experience in musculoskeletal US performed the
sonographic assessment. The technique of measurement
of the MN-CSA was performed as described by Mhoon et
al [22] .

The frequency of clinical manifestations of CTS among
HD patients was reported to range between 8% and 31%
[5,23]. According to our results, neuropathic pain at the
MN was present in 40.4%, which is much higher than the
percentage with positive Tinel’s test (25.5%). Using clini-
cal manifestations plus positive Tinel’s test as the refer-
ence standard, MN-CSA with a threshold of 11.5 mm?® can
indicate the probability of CTS with 63% sensitivity and
80% specificity. This is consistent with a previous study
carried out on 71 HD patients (22 with and 49 without
CTS), which identified the cutoff value of the MN-CSA
for detection of CTS as 11 mm” with 79.2% sensitivity and
84% specificity [13].

About one-third of this cohort had MN-CSA > 11.5 mm”.
The high prevalence of MN thickening in the current
study is consistent with the results of a previous study,
in which 98 hands of dialysis patients were evaluated
sonographically before and after transplant, resulting
in the finding that dialysis was associated with MN-CSA
enlargement [24]. However, contradictory to the findings
of the present study, previous research that evaluated the
prevalence of CTS among 385 HD patients found a lower
prevalence of typical neuropathic pain (14.5%), patho-
logical nerve conduction test (9.6%), and muscular atro-
phy (21.3%) [19]. Accordingly, because clinical manifes-
tations were not apparent even in many patients showing
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positive US findings, our results indicated that measuring
the MN-CSA may be useful for early detection of preclini-
cal CTS among these patients. However, this concept re-
quires confirmation by further clinical studies.

In the present study, there was no significant difference
in the prevalence of CTS (MN-CSA > 11.5 mm®) between
males and females, a finding that matches the results of
Benz and colleagues [25]. However, other studies reported
that the male to female ratio was 2:1 [5,26]. In another
German study that included 385 HD patients, female sex
was one of the significant predictors of CTS among those
patients [6]. In non-dialyzed CKD patients, CTS is well-
known to be more frequent in females (female:male = 3:1)
[27]. The reduced percentage of females with CTS in HD
patients could be due to either the common abnormalities
occurring in ESRD in both sex or to the reduced physical
activity of the patients in this study who had diminished
wrist movement.

The hands affected by CTS were mostly those on the
same side as the AVE This finding is consistent with the
results of Gousheh and Iranpour [28], who found that HD
patients are at risk of developing CTS on the same side
as the AVF. Arteriovenous shunting may either increase
venous pressure and lead to nerve compression or cause
ischemia of the MN due to blood stealing from the distal
limb [29].

There was no significant association between MN-CSA
and BM], a finding that is not dissimilar to the results of
Hammer and colleagues, who did not find any implica-
tion of weight and height on the MN-CSA [30]. However,
our results contradict the findings of Franklin and Fried-
man, who observed an increased MN-CSA in obese
patients [31]. This difference might be explained by the
variance of the studied population and the diagnostic
methodology of CTS used in these studies.

In this cohort, there was a direct correlation between
the MN-CSA and age, however this association disap-
peared in multiple regression analysis. Loh et al [32]
reported that the MN-CSA was higher in older patients.
Despite the attenuation of the possible association be-
tween age and MN-CSA after adjustments in the present
study, MN enlargement may be related to increased amy-
loid deposition, a known consequence of CKD, induced
by the longer duration of kidney disease in these older
patients [15]. Moreover, the aging process may lead to
morphological changes in the myelin sheath and nerve
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fibers [33]. However, the reference value of the MN-CSA
at different age groups still remains debatable [34].

The MN-CSA was not correlated with the dialysis vin-
tage, a result that is in contrast to other previously pub-
lished studies, which suggested the duration of dialysis
treatment to be a significant risk factor for the develop-
ment of CTS [5,13,35]. This difference can be explained
by the relatively shorter duration of dialysis treatment in
our cohort.

Regarding laboratory investigations, the MN-CSA had
a positive correlation with serum phosphorus level and
a negative correlation with the PTH level, a finding that
contradicts those of Hirata and colleagues, who did not
find any correlation between the time of onset of the CTS
and a history of parathyroidectomy [36].

Using multiple linear regression analysis, serum phos-
phorus level and the VAS score were the significant pre-
dictors of MN-CSA in our patients. However, the exact
mechanism of MN compression in chronic HD patients
has not yet been fully explained [37]. B2-microglobulin
amyloid deposition in the carpal tunnel is the most ac-
cepted theory [38]. According to the present results, the
disordered phosphorus metabolism in HD patients may
play a role. Extra-skeletal calcifications are frequently
encountered in HD patients and are aggravated by the
persistent elevation of the calcium-phosphorus product
[39]. The most common site for extra-skeletal calcifica-
tions is the blood vessels, but they may affect other sites
such as periarticular tissues, myocardium, heart valves,
and possibly the peripheral nerves. However, this needs
to be confirmed by biopsy from the peripheral nerves.

We admit that this study has some limitations, namely
the small sample size and convenience sampling meth-
od, in addition to the cross-sectional nature resulting in
only a single evaluation of the MN-CSA. Unfortunately,
electrodiagnostic studies were not performed. Never-
theless, the use of US in the evaluation of CTS in such
patients and measurement of the MN-CSA at the entry of
the carpal tunnel, which has been reported to be sensi-
tive, are strengths of this study.

In conclusion, this study reported that CTS occurs fre-
quently in HD patients. The hands affected by CTS were
mostly those on the same side as the AVE. Among HD
patients, serum phosphorus level was a predictor of the
MN-CSA. US examination can be helpful in the detection
of CTS and might be an alternative diagnostic modality to
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the painful and time-consuming electrodiagnostic stud-
ies. The present observations need to be confirmed in
other ethnic groups and in a larger sample, and further
studies are warranted to address the pathophysiologic
link between this disorder and different derangements in
HD patients.
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