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An evaluation of radial and ulnar artery flow characteristics in diabetic patients with

carpal tunnel syndrome and the diagnostic value of ultrasonography in these patients

Diabetik karpal tiinel sendromlu hastalarda radial ve ulnar arterlerin akim karakteristiklerinin

degerlendirilmesi ve bu hastalarda ultrasonografinin tanisal degeri
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ABSTRACT

Objective: This study aimed to research the value of ultraso-
nography in the diagnosis of carpal tunnel syndrome (CTS)
in patients with diabetes mellitus (DM) and to examine the
flow characteristics of the radial and ulnar arteries in diabetic
patients with CTS.

Methods: A total of 23 diabetic hands diagnosed with CTS
from electrophysiological evaluation (DM-CTS), 47 asymp-
tomatic diabetic hands (DM) and 50 healthy hands (C) as
the control group were evaluated with high resolution ultra-
sonography. The median nerve was measured in the cross-
sectional area (CSA), flattening ratio (FR) and at the level
of the carpal tunnel inlet [proximal (p)] and the wrist crease
[distal (d)]. The radial and ulnar arteries were evaluated with
both hands in a neutral position.

Results: In the DM-CTS group, the CSA-p and CSA-d val-
ues were statistically signficantly greater compared to the
DM and C groups (p<0.01). The FR-p in the DM-CTS group
was statistically significantly greater than that of the C groups
(p<0.01). In the ROC curve analysis, CSA-p 2 9.5 mm? (AUC
0.84; sensitivity 78.3% and specificity 88%) and CSA-d =
9.5 mm? (AUC 0.78; sensitivity 73.9% and specificity 84%)
were very strong predictors of the DM-CTS hand. In the Dop-
pler examination, no difference was determined between the
groups in terms of flow volume, peak systolic velocity, end-
diastolic velocity and resistive index measurements of both
radial and ulnar arteries (p>0.05). The radial artery diameter
was determined to be statistically significantly greater in the
DM-CTS group than the C group (p<0.05).

Conclusion: The median nerve CSA is significantly greater
in diabetic CTS patients compared to patients with diabetes
only and healthy controls. In the evaluation of CTS in diabetic
patients, CSA measured with ultrasonography may be a di-
agnostic tool. J Clin Exp Invest 2014; 5 (2): 179-185
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OZET

Amag: Diabetes mellituslu (DM) hastalarda karpal tinel
sendromu (KTS) teshisinde ultrasonografinin degerini ve
diabetik KTS'li hastalarda radial ve ulnar arterlerin akim
karakteristiklerini aragtirmak amaclanmistir.

Yontemler: Elektrofizyolojik degerlendirme ile KTS tesbit
edilen 23 el (DM-KTS), asemptomatik 47 el (DM) ve 50
saglkli el kontrol grubu (C), yiiksek rezolisyonlu ultraso-
nografiyle degerlendirildi. Median sinir kesit alani (CSA)
ve dlzlesme orani (FR), karpal tiinel girisi [proksimal (p)]
ve bilek kivrimi [distal (d)] diizeylerden 6lguldi. Her iki el
nétral pozisyonda iken radial ve ulnar arterler degerlen-
dirildi.

Bulgular: DM-KTS grubunda, CSA-p ve CSA-d degerle-
ri DM ve C gruplarina goére anlamli olarak daha buyuktu
(p<0.01). FR-p, DM-KTS grubunda C grubuna goére an-
lamli olarak daha buyUkti (p<0.01). ROC egrisi analizin-
de, CSA-p =2 9.5 mm? (AUC 0.84; duyarlilik 78.3% and
0zglillik 88%) ve CSA-d =2 9.5 mm? (AUC 0.78; duyarhhk
73.9% and 6zgilliik 84%), DM-KTS elin ¢ok guglu bir pre-
diktéradur. Doppler incelemesinde her iki radial ve ulnar
arter akim volum, pik sistolik hiz, end-diyastolik hiz ve
rezistif indeks ol¢climlerinde gruplar arasi farklilik yoktu
(p>0.05). Radial arter damar ¢api, DM-KTS grubunda C
grubuna goére anlamli olarak daha buytkti (p<0.05).

Sonuglar: Diabetik KTS'li hastalarda diabetli ve saghkli
kisilere gére median sinir CSA anlamli olarak buyuktir.
Diabetik hastalarda KTS degerlendiriimesinde, ultraso-
nografiyle dlgtilen CSA diagnostik bir arac olabilir.

Anahtar kelimeler: Karpal tlinel sendromu, kesit alani,
median sinir, ultrasonografi
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INTRODUCTION

Carpal tunnel syndrome (CTS) is a widely seen en-
trapment neuropathy with a prevalence of 2% in the
general population, and has been reported to be
seen at a rate of 14% in diabetes mellitus (DM) pa-
tients without diabetic polyneuropathy (DPN) and at
30% in patients with DPN [1]. The pathophysiology
of CTS is not fully known. However, in CTS, median
nerve compression in the carpal tunnel is thought
to cause functional abnormalities in the early stage
and structural abnormalities in advanced stages
[2]. Diagnosis is made from clinical examination
and electrodiagnostic studies, although nerve con-
duction studies (NCS) do not give any information
about structural abnormalities of the nerve [3]. How-
ever, despite the evaluation of clinical symptoms in
diabetic hand syndromes which develop in diabetic
patients and various comparative NCS tests, the
diagnosis of CTS can be difficult [4]. As ultrasonog-
raphy is painless, easily available and preferred by
patients, it has been defined as a non-invasive di-
agnostic method which can be used in CTS [3,5]. A
significant correlation has been shown between the
median nerves CSA measurements measured with
ultrasonography and median nerve conduction ab-
normalities obtained with electrodiagnostic tests [6].

DM is a risk factor for CTS [7,8]. There are pub-
lished studies showing a relationship between di-
agnosis confirmation by ultrasonography and elec-
trodiagnostic results in CTS patients with or without
DM [3,4]. Changes in flow volumes in hand arteries
[9] and impairments in vasomotor activity have also
been shown in idiopathic CTS patients [10]. Howev-
er, to the best of our knowledge there are no studies
in literature which have evaluated the characteris-
tics of wrist artery blood flow and ultrasonography
and electrodiagnostic findings in DM patients with
and without CTS.

Therefore, the aim of this study was to investi-
gate the value of ultrasonography in CTS diagnosis
in diabetic patients without DPN and to examine the
relationship between the diagnostic confirmation
of ultrasonography and electrodiagnostic results. It
was also aimed to evaluate the blood flow charac-
teristics of arteries with Doppler ultrasonography in
DM patients with and without CTS.

METHODS

The study initially included 50 patients, diagnosed
with Type 2 DM according to the World Health Or-
ganization criteria, who presented at the Physical
Medicine and Rehabilitation Clinic between Febru-

ary 2012 and December 2013 [11]. As a result of
the clinical and neurophysiological evaluation, 15
patients with diabetic polyneuropathy were exclud-
ed from the study leaving 35 patients with DM in
the study. Clinical and electrophysiological evalua-
tion of the DM patients resulted in separation into
groups of 23 hands determined with CTS (DM-CTS
hands) and 47 asymptomatic hands (DM hands).
A control group was formed of 25 healthy individu-
als (50 hands, C hands). Each hand was evaluated
separately in the data analysis.

According to the American Academy of Neu-
rology practice parameters criteria, CTS is defined
[12,13] as follows:

1. Increased paresthesia, pain, swelling, weak-
ness and incapacity of the hand when the arm or
hand is kept in the same position during sleep or
with repeated hand movements and which are re-
duced with posture changes and shaking of the
hand.

2. Sensory deficit in the area of the hand inner-
vated by the median nerve.

3. Hypotrophy or motor deficit of the thenar
muscles which are innervated by the median nerve.

4. Positive provocative clinical tests (positive
Phalen maneuver and/or positive Tinel’s sign).

Diagnosis of CTS is made clinically with the
first criteria together with one or more of the other
criteria.

The electrophysiological diagnosis of CTS was
based on median nerve distal sensory latency >3.4
ms, median nerve distal motor latency over 4.2 ms
[14]; and a difference between median and ulnar
nerve distal sensory latencies >0.4 ms [15].

Patients were excluded if they had neurologi-
cal, rheumatological or nephrological diseases,
pregnancy, previous CTS surgery, or a history of
forearm fracture, steroid injection into the carpal
tunnel within the previous three months, splint use,
or a history of malignancy, cervical radiculopathy or
diabetic polyneuropathy in the electrophysiological
examination. The Institutional Ethics Committee ap-
proved the study protocol and all subjects provided
written informed consent.

Grey scale and Doppler sonography were per-
formed using a Logic 7 (GE Healthcare, Milwaukee,
WI, USA) ultrasound machine and a high-resolution
12-MHz probe. All measurements were performed
with the same device by a single radiologist blinded
to the subjects’ clinical and laboratory results. The
ultrasonography and Doppler evaluations were per-
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formed in the same session. The patient was seated
facing the doctor with the forearm on the knees, the
palm supine, and fingers semi-extended in the neu-
tral position. The transducer was placed directly on
the patient’s skin with gel. For the transverse scan,
the probe was kept directly perpendicular to the
long axis of the median nerve in order to ensure that
the area measured reflected a cross-sectional area
(CSA) (Figure 1).The CSA and flattening ratio (FR,
defined as the ratio of the major axis of the median
nerve to its minor axis) were measured at the tunnel
inlet (proximal) and 1 cm distal to the wrist crease
(distal). The “tunnel inlet” referred to the level im-
mediately deep to the proximal edge of the flexor
retinaculum. The thickness of the flexor retinaculum
was also measured.

Figure 1. Transverse ultrasonographic image is at the
proximal carpal tunnel at the level of the pisiform, show-
ing the cross-sectional area measurement of the median
nerve.

Doppler imaging was used to evaluate the re-
sistive index (RI), peak systolic velocity (PSV), end-
diastolic velocity (EDV), vascular diameter, and flow
volume (FV) in the radial and ulnar arteries. FV was
calculated by artery diameter measurement using
the area below the spectral waveform. Rl was de-
fined as the difference between the peak systolic

and end-diastolic flow velocities divided by the peak
systolic flow velocity. Doppler imaging was used to
guide the placement of the spectral Doppler gate
and to estimate the beam-to-vessel angle. The Dop-
pler angle was maintained at 60° throughout the ex-
aminations. The blood flow parameters were com-
pared between the groups.

Statistical analysis

Statistical analyses were carried out using SPSS
18.0 for Windows (PASW Statistics for Windows,
SPSS Inc., Chicago, IL, USA). Distributions of para-
metric variables were evaluated using the one-sam-
ple Kolmogorov— Smirnov test. One-way analysis of
variance (ANOVA) with Bonferroni post hoc correc-
tion was used to compare the differences among
groups. For intergroup comparisons of categorical
variables, cross-table statistics were given, and a
Chi-square test was used to assess the level of sig-
nificance. ROC curve analysis was used to deter-
mine the CSA value most predictive of CTS hands.
Pearson’s or Sperman’s correlation test was used
to determine the relationships between variables.
Linear regression analysis was performed to iden-
tify independent predictors of CSA. All demographic
and quantitative data were expressed as mean +
SD. Differences with p values of <0.05 were consid-
ered to be statistically significant, and all results are
expressed with a 95 % confidence interval.

RESULTS

The demographic data of the study participants are
shown in Table 1. There were 23 hands in the DM-
CTS group, 47 hands in the DM group and 50 hands
in the C group. No statistically significant difference
was determined between the 3 groups in terms of
body mass index (BMI), age, gender or occupation
(p>0.05).

Table 1. Baseline characteristics of

e DM-CTS-hands DM-hands C-hands
the study participants (n=23) (n=47) (n=50)
Age 50.73+11.71  53.65+8.60 50.441+9.83 0.234
Female, n (%) 16 (69.6) 26 (55.3) 34 (68) 0.341
BMI 32.47+7.22 32.73+5.73 33.94+5.22 0.485
Duration of DM (years) 11.13+7.33 7.1017.44
HbA1c 8.45+1.41 7.91+1.87
Occupational status
Housewife, n 14 26 32
Working, n 2 10 12 0.254
Retired, n 7 1" 6

BMI: Body mass index, CTS: Carpal tunnel syndrome, DM: Diabetes mellitus
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Table 2. Parameters of ultrasonography among the
groups

DM-CTS  ,\1 hands C-hands ANOVA

-hands 47y (n=50)

(n=23) P
FR-p 2.40£0.54 2.18+0.51 2.05:0.31° 0.010
FR-d 2.31:0.58 2.03+0.54 2.06:0.47 0.103
CSA-p (mm?) 13.30+4.87 9.38+2.54> 8.26+2.60° <0.001
CSA-d (mm?) 141614 9.45:3.00° 8.62+¢2.39° 0.015
FRT(mm)  1.80£0.45 1.74:0.32 1.57:0.32* 0.015

in respect of the radial artery diameter (p=0.002).
The radial artery diameter of the DM-CTS group
was statistically significantly greater than that of the
C group (p<0.05).

The ROC curve analysis of the DM-CTS group
is shown in Figure 2. A positive correlation was de-
termined in CSA-p and CSA-d with the duration of
the disease. A positive correlation was also found
between CSA-p and ulnar artery RI (Table 4).

ROC Curve

CSA: Cross-sectional area, C: Control, CTS: Carpal tun-
nel syndrome, DM: Diabetes mellitus, d: Distal, FR: Flat-
tening ratio, FRT: Flexor retinaculum thickness, p: Proxi-
mal

a p<0.05 compared with CTS-DM hands, bp<0.01 com-
pared with CTS-DM hands, cp<0.01 compared with CTS-
DM hands by Bonferroni post hoc correction test.

The comparison of ultrasonographic param-
eters between the groups is shown in Table 2. In the
comparison between the groups, there was a signif-
icant difference in the median nerve CSA proximal
(p) and the CSA distal (d). The CSA-p and CSA-d
in the DM-CTS group were statistically significantly
greater than those of the DM and C groups (p<0.01).

The results of the Doppler evaluation of the
subjects’ hands which were evaluated in a neutral
position are shown in Table 3. A statistically signifi-
cant difference was determined between the groups

[—CSA-p
- - *CSA-d
-~ Reference Line

087

e
%

Sensitivity

e
£y
1

021 .

00 02 o4 05 08 10
1 - Specificity

Figure 2. The ROC curve analysis of CSA-p (black line)
and CSA-d (dot line) for CTS in DM patients. CSA-p = 9.5
mm? (AUC 0.84; sensitivity 78.3% and specificity 88%)
and CSA-d = 9.5 mm? (AUC 0.78; sensitivity 73.9% and
specificity 84%) are very strong predictors of DM-CTS
hands.

Table 3. Doppler . DM-CTS-hands DM-hands  C-hands

sonography assess- Arteries (n=23) (n=47) (n=50)

ments of flow vol-

systolic velocity, end- PSV (cm/s) 50.46+14.46  64.78+20.15 60.14+13.31 0.291

diastolic velocity, and

resistive index of ra- Radial artery EDV (cm/s) 12.8117.38 15.33210.14 13.6746.55 0.424

dial and ulnar arter- Diameter (nm)  2.51#0.46  2.31%0.35  2.16£0.40° 0.002

ies at neutral posi-

tions RI 0.77+0.11 0.77+0.12 0.78+0.08 0.906
FV (mL/s) 38.70£28.86  47.74+41.90 33.87£16.19 0.089
PSV (cm/s) 57.09+20.87 66.37+23.50 60.37+£12.07 0.116

Ulnar artery EDV (cm/s) 13.73+9.28 18.24+12.11 13.89146.16 0.050

Diameter (mm) 2.2910.44 2.2410.46 2.08+0.32 0.061
RI 0.70£0.37 0.74£0.13 0.77£0.07 0.084

C: Control, CTS: Carpal tunnel syndrome, DM: Diabetes mellitus, FV: Flow Volume, PSV:
Peak Systolic Velocity, EDV: End-Diastolic Velocity, RI: Resistive Index

a p<0.05 compared with CTS-DM hands by Bonferroni post hoc correction test.
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Table 4. Bivariate and multivari-

ate regression analysis for pre- CSA-p CSA-d

dicting CSA in all DM patients p B p r p B p
Age -0.125 0.304 -0.146 0.228
Gender 0.107 0.380 0.101 0.407
BMI 0.092 0.448 -0.013 0.913
Duration of DM 0.376 0.001 0.286 0.01 0.291 0.015 0.238 0.04
HbA1c -0.06 0.624 -0.07 0.538
FRT (mm) 0.093 0.444 0.004 0.972
rFV (mL/s) -0.183 0.130 -0.117 0.336
rPSV(cm/s) -0.114 0.346 -0.177 0.143
rEDV(cm/s) -0.075 0.536 -0.076 0.534
r diameter (mm) -0.086 0.478 -0.100 0.410
rRI -0.029 0.809 -0.028 0.820
uFV (mL/s) 0.017 0.892 0.011 0.929
uPSV(cm/s) 0.024 0.846 -0.058 0.639
uEDV(cm/s) -0.152 0.210 -0.165 0.172
u diameter (mm) 0.095 0.434 0.142 0.240
uRl 0.248 0.038 0.309 0.009 0.190 0.116

BMI: Body mass index, CSA: Cross-sectional area, DM: Diabetes mellitus, d:
Distal, EDV: End-Diastolic Velocity, FRT: Flexor retinaculum thickness, FV: Flow
Volume, PSV: Peak Systolic Velocity, RI: Resistive Index, p: Proximal, r: Radial
artery, u: Ulnar artery, B: Regression coefficient.

DISCUSSION

In the current study, the median nerve CSA-p and
CSA-d were found to be significantly greater in the
diabetic patients with CTS compared to the diabetic
patients and the control group. The thickness of
the flexor retinaculum of the diabetic patients with
CTS was found to be greater than that of the control
group. The cut-off value of CSA-p and CSA-d for
CTS confirmation was more than 9.5 mm? in diabet-
ic patients. In diabetic patients a positive correlation
was found between CSA-p and CSA-d, the duration
of the disease and ulnar artery RI values. In addi-
tion, the radial artery diameter of DM-CTS patients
was found to be significantly greater than that of the
healthy control group.

In clinical practice, even if electrodiagnostic
tests are applied to diabetic patients, it is difficult to
differentiate CTS from other neuropathic syndromes
[1]. CSA measurements made with ultrasonogra-
phy play a complementary role in the diagnosis of
CTS and are considered to have made this a valu-

able diagnostic method [16]. Previous studies have
shown significant differences in median nerve CSA
measurements between idiopathic CTS patients
and healthy controls [5,16]. In a study comparing
idiopathic, diabetic and DPN patients with CTS and
healthy controls, the CSA of the idiopathic, diabetic
and DPN patients with CTS was found to be great-
er than that of the healthy controls. In that study, it
was also found that the CSA of the diabetic patients
with CTS was greater than that of idiopathic CTS
patients [4]. In a recent study, the CSA of diabetic
and non-diabetic CTS patients was determined to
be greater than that of healthy controls, but there
was no difference between diabetic CTS patients
and idiopathic CTS patients. In the same study, the
CSA measured in the distal of the flexor retinaculum
(CSA-d) was found to be significantly greater than
that of the diabetes group [3]. In the current study,
the median nerve CSA-p and CSA-d of the diabetic
patients with CTS were found to be greater than
those of the diabetic and healthy individuals.
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Many factors are known to be related to CTS,
such as mechanical and ischemic factors, exter-
nal epineural and perineural thickening and fibro-
sis [17]. Local widening of the median nerve CSA
may be explained by all these factors. In diabetic
patients, focal widening of the median nerve CSA
is seen particularly at the level of the tunnel inlet.
The polyol pathway, glycation and pro-inflammatory
reactions are known to be related to diabetic pe-
ripheral nerve injury [18] and reduced capillary den-
sity and myelinated nerve fibers in diabetic patients
[19]. CSA widening may be caused by a predisposi-
tion to CTS. In the current study, the duration of the
disease in diabetic patients was seen to be an inde-
pendent risk factor of CSA widening. In addition, as
there were no idiopathic CTS patients in the current
study, how much biological response to compres-
sion and diabetic peripheral nerve injury contributed
to CSA widening in diabetic patients could not be
evaluated.

A previous study has shown that increased me-
dian nerve CSA is a highly significant predictor of
non-diabetic CTS [20]. Studies have reported criti-
cal CSA values of 9-14 mm? as predictive of CTS in
non-diabetic groups [21]. In a study which excluded
DPN patients, in the confirmation of CTS in diabetic
and non-diabetic CTS patients, the CSA measure-
ment from the wrist crease was shown to be more
than 13 mm? in both groups [3]. In a study by Chen
et al, the CSA cut-off values measured from the tun-
nel inlet, the wrist crease and the tunnel outlet were
15.3 mm?, 13.4 mm? and 10 mm? respectively in the
diabetic CTS group and 14 mm?, 12.5 mm? and 10.5
mm? respectively in the DPN CTS group [4]. In the
current study, the CSA cut-off value measured at
the level of the tunnel inlet and the wrist crease was
found to be 9.5 mm? at both levels in the diabetic
CTS group.

In a study comparing the arterial flow parame-
ters of CTS patients with those of healthy controls, a
significant increase was seen in the radial and ulnar
artery flows of the CTS patients [9]. It was suggest-
ed in that study that the increased arterial flow could
be associated with substance P or local inflamma-
tory response to sympathoparalytic vasodilation in
CTS patients [9]. Another reason for increased ar-
terial blood flow in CTS may be impairment in the
autonomic control of local blood perfusion in the
distal area innervated by the median nerve associ-
ated with median nerve compression [22]. A recent
study which used Doppler ultrasonography showed
impaired vasomotor activity in CTS patients [10].
In another study in which median nerve circulation

was evaluated with dynamic MRI in CTS patients, it
was shown that the changes created in CTS were
associated with chronic hypoxia due to the irregular
circulation in CTS rather than nerve compression
[23]. In the current study, no significant difference
was found in the flow volumes of all three groups.
However the radial artery diameter was determined
to be greater in the diabetic CTS patients than in
the healthy controls. This may have been due to im-
paired vasomotor activity in the CTS group. In ad-
dition, a positive correlation was found between the
CSA and the ulnar artery Rl values in the diabetic
patients. RI reflects vessel compliance according
to changes in systemic blood pressure. Increased
RI reflects reduced vascular compliance [24]. In the
current study, reduced ulnar artery compliance was
shown by the increased CSA.

There were some limitations to the current
study. First was that the number of cases was low
despite several confounding factors, especially in
the diabetic group. Secondly, as DPN patients were
excluded from the study, the results may not reflect
the results of all diabetic patients with CTS. Thirdly,
as patients with idiopathic CTS were not compared
with diabetic CTS patients, the role of diabetes in
the changes which occurred could not be evaluated.

In conclusion, median nerve CSA measured
with ultrasonography can be a diagnostic modality
in the evaluation of CTS. The median nerve widen-
ing which develops associated with median nerve
axonal degeneration and demyelinisation can be
determined by calculating the CSA. The changes
determined on Doppler ultrasonography can be
related to clinical findings such as nocturnal pain,
swelling and changes. To confirm the relationship
between blood flow and sympathetic innervation,
there is a need for further studies to examine blood
flow parameters at the same time as monitorization
of the sympathetic nerves of the hand.
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