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High-resolution ultrasound findings of the median
nerve in electrophysiologically severe carpal tunnel
syndrome
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Abstract

Objective: Carpal tunnel syndrome (CTS) is caused by entrapment of the median nerve at the wrist.
Nerve conduction studies (NCS) confirm the diagnosis and grade the severity. High-resolution
ultrasound (HRUS) is useful for diagnosing CTS and excluding alternative etiologies. However, data
on sonological characteristics of electrophysiologically severe CTS are limited. We aim to describe
the sonological characteristics of patients with severe CTS. Methods: Fifty-two adults fulfilling the
American Association of Neuromuscular and Electrodiagnostic Medicine practice parameters for the
diagnosis of CTS and absent median nerve sensory action potential (severe CTS) were included.
Cross-sectional areas (CSA) of the median nerve were obtained at the level of the carpal tunnel inlet
and mid-forearm. The wrist-to-forearm ratio (WFR) was calculated. These findings were compared
with 60 age- and gender-matched healthy controls. Results: In the patient group, the mean median
nerve CSAs (in mm2) at the wrist and forearm and WFR were 15.64+3.7, 5.53+0.7 and 2.86%0.7
respectively, while in the control group, these were 7.50+0.9,4.91+0.7 and 1.56+0.3 respectively. All
parameters were significantly higher in patients compared to controls. A threshold value of 10.45 mm?
for median nerve CSA at the wrist showed a high accuracy for severe CTS. A threshold value of WFR
of 2.07 showed high sensitivity and specificity of 94.2% and 98.3%, respectively.

Conclusion: The present study provides robust data on the sonological characteristics of severe CTS.
HRUS being a non-invasive tool, can be used to identify severe CTS at the point of care.

Keywords: HRUS; CTS; Peripheral nerve ultrasonography; Severe carpal tunnel syndrome; Point-of-
care ultrasonography

INTRODUCTION nerve at the wrist and differentiate from diffuse
neuropathy and mononeuritis multiplex.?
High-resolution ultrasound (HRUS) provides
the necessary technology for assessing the
peripheral nerves non-invasively and rapidly at
the point of care. HRUS is being increasingly
used to complement NCS for diagnosing CTS.
HRUS has also been demonstrated to be useful in
diagnosing CTS in patients with typical symptoms
and normal NCS *3 Increased cross-sectional area
(CSA) of the median nerve at the carpal tunnel
inlet, bowing of the flexor retinaculum, flexor

Carpal tunnel syndrome (CTS) is the commonest
entrapment neuropathy. It is caused by entrapment
of the median nerve at the level of the carpal
tunnel, an osseous-fibrous canal, at the wrist and is
frequently bilateral.! Symptoms usually consist of
pain and unpleasant tingling or burning sensation
in the median innervated fingers, which are usually
more severe in the dominant hand and worse at
night.'? The diagnosis is confirmed by nerve
conduction studies (NCS), which demonstrate
selective and focal involvement of the median
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retinaculum thickness, flattening ratio, swelling
ratio, and longitudinal compression sign are the
various sonological parameters that have been
described for diagnosing CTS. Some of these
protocols are elaborate, and their performance,
reliability and interpretation depend upon the
skill of the examiner, such as optimal positioning
of the hand and placement of the probe. This, in
turn, determines the sensitivity, specificity, and
intra- and inter-observer variability for these
parameters.® The various techniques are not
completely standardised for uniform comparison
across cohorts; there is a lack of consensus
regarding the optimal cut-off values of median
nerve CSA at the wrist for diagnosing CTS and
specifically severe CTS, particularly given the
fact that the normative data varies across different
populations.” The aim of this study is to describe
the sonological characteristics in patients with
electrophysiological features of severe CTS.

METHODS

This study included 52 adults with idiopathic
severe CTS, and 60 matched healthy controls
seen over four years between January 2018
and December 2021. Patients, aged 18 years
or more, fulfilling the American Association of
Neuromuscular and Electrodiagnostic Medicine
(AANEM) practice parameters® for the diagnosis
of CTS were included in this study. The presence
of distal motor latency of median nerve greater
than 4.5 milliseconds and absent sensory nerve
action potential (SNAP) was used to diagnose
severe CTS.” Exclusion criteria included (i)
systemic inflammatory disorders such as
rheumatoid arthritis, (ii) significant medical
comorbidities such as uncontrolled diabetes
mellitus, hypothyroidism, etc., (iii) co-existing
polyneuropathy, mononeuritis multiplex or
involvement of other sites of the neuraxis such
as cervical radicles, anterior horn cells, etc., (iv)
obesity, (v) trauma or fracture to the wrist, (vi)
prior intervention for CTS in the form of carpal
tunnel release surgery or injection into the carpal
tunnel, and (vii) pregnant women. The clinical
and demographic details were collected for all
patients. The HRUS of the median nerve was
performed by a single examiner (LB) using a
hockey stick probe (L 15-7 MHz, CX50, Philips
Medical Systems, Bothell, Washington, USA).
The recording was carried out with the patient in
the supine position, upper limbs abducted above
the head and wrists supinated, or with the patient
seated, shoulders adducted, elbows flexed to 90 to
120 degrees, forearms supported on a pillow and
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wrists supinated. The median nerve was traced
from the wrist to the mid-forearm, with the probe
oriented perpendicular to the long axis of the
nerve. The CSAs of transverse sections of the
median nerve were recorded within the echogenic
rim surrounding the nerve with minimal pressure
of the probe on the skin. The CSAs were obtained
at the carpal tunnel inlet at the level of the pisiform
bone and the mid-forearm. The wrist-to-forearm
ratio (WFR) was calculated. The data were entered
in a predesigned proforma and incorporated into
a Microsoft Excel Spreadsheet for analysis. Since
no identifiable patient details were revealed in this
study, the need for Institutional Ethics Committee
approval was waived. However, an informed
verbal consent was obtained from all participants
in this study.

Statistical analysis

Data was expressed as mean + standard deviation
(SD) and range for continuous variables, and
number (percentage) for categorical variables.
The distribution was tested for normality and
logarithmically transformed when skewed.
Independent t-test was used to obtain the p-value
and a p-value of <0.05 was considered statistically
significant. To determine a statistically significant
cut-off value for the CSA of the median nerve
at the level of the wrist and the WFR, a receiver
operating characteristic (ROC) curve was plotted,
and a threshold value was obtained. Statistical
analysis was conducted using the Statistical
Package for Social Sciences (SPSS version 20.0.,
IBM Corporation).

RESULTS

The cohort comprised seven men (13.5%) and 45
women (86.5%) with CTS. Their mean age was
48.35+8.1 years. The electrophysiological and
sonological data are summarised in Table 1. In
the patient group, the mean CSA of the median
nerve at the wrist was 15.64 + 3.7 mm?, the mean
CSA of the median nerve at the mid-forearm was
5.53 + 0.7 mm?, and the mean WFR was 2.86
+ 0.7. Compared to normal healthy subjects,
the mean CSA of the median nerve was higher
among patients at the wrist (15.64 + 3.7 vs 7.50
+ 0.9 mm2, p < 0.0001) and at the level of the
mid-forearm (5.53 £ 0.7 vs 491 + 0.7 mm?, p <
0.0001). The mean WFR was significantly higher
in patients with CTS than healthy controls (2.86
+0.7 vs 1.56 £ 0.3, p < 0.0001).

The plotted ROC curves provided a statistically



Table 1: Electrophysiological and sonological data of patients with carpal tunnel syndrome in the

present cohort

Parameter Patients Controls P value
M:F 7:45 8:52 1.00
Mean age (years) 48.35 + 8.1 47.65 +10.2 0.693
Median nerve conduction studies
Mean distal motor latency (millisec) 689 +1.6 30804 < 0.0001
Mean amplitude of CMAP after stimulation 475 +£3.1 80120 < 0.0001
at wrist (milliVv)
Mean motor conduction velocity (m/sec) 5238 +7.2 5792 +24 < 0.0001
HRUS of median nerve (mm?)
Mean CSA at wrist (mm?) 1564 £ 3.7 7.50+0.9 < 0.0001
Mean CSA at mid-forearm (mm?) 55307 491 £0.7 < 0.0001
Mean wrist-to-forearm ratio 2.86 +0.7 156 +0.3 < 0.0001

‘CMAP’: compound motor action potential; ‘CSA’: cross-sectional area; ‘F’: female; ‘HRUS: high-resolution ultrasound;

‘M’: male.

significant threshold with maximum sensitivity
and specificity for a diagnosis of severe CTS.
The threshold value of 10.45 mm? was obtained
for CSA of the median nerve at the wrist. This
showed sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of
100%. The threshold value of WFR was 2.07,
with sensitivity and specificity of 94.2% and
98.3%, respectively. Table 2 summarises the
details of threshold values obtained. Figures 1
and 2 represent the plotted ROC curves for CSA
at the wrist and WFR, respectively.

DISCUSSION

The HRUS is gaining prominence in evaluating
peripheral nerve disorders, including CTS. It
confirms the diagnosis of CTS and excludes
alternative aetiologies such as mass lesions within

the carpal tunnel and demonstrates anatomical
variations such as bifid/trifid median nerve and
persistent median artery, especially when the
non-dominant hand is predominantly affected.'
Moreover, HRUS guides precise injection of
steroids by avoiding the neighbouring vascular and
musculotendinous structures. Among the various
sonological parameters, the CSA of the median
nerve at the carpal tunnel inlet, i.e., pisiform
level, is the most predictive of CTS. We report
the two most reliable sonological parameters in
patients with severe CTS, which are simple and
easy to record.

The reported CSA in CTS ranges from 9.0 mm?
to 11.0 mm?, and sensitivity and specificity range
from 70% to 94% and 65% to 97 %, respectively.®
In a large study of 207 patients with CTS, the
median CSA of the median nerve at the wrist was

Table 2: Statistical results of threshold values obtained by plotting ROC curves

Parameters  Sensitivity Specificity  Positive Negative False False  Accuracy
predictive predictive positive negative
value value rate rate
CSA wrist > 100% 100% 100% 100% 0 0 100%
10.45 mm?
CSA mid- 53.8% 80% 70% 66.6% 20% 47% 67.8%
forearm >
5.45 mm?
Wrist-to- 94.2% 98.3% 98% 95.1% 1.7% 5.8% 96.4%
forearm ratio
>2.07

‘CSA’: cross-sectional area; ‘ROC’: receiver operating characteristic.
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Figure 1: Receiver operating characteristic (ROC) curve
plotted for CSA at wrist with details of area
under the curve (AUC).

:

ROC Curve

069

Sensitivity

0449

0.2

0o T T T T
0o 02 04 06 0s 10

1 - Specificity
Area Under the Curve

Test Result Variable(s): Wrist_to_forearm_Ratio

Asymptotic Asymptotic 95% Confidence
Sig.? Interval

Area Std. Error® Lower Bound | Upper Bound
975 003 .000 98 | 1.000
a. Under the nonparametric assumption

bb. Null hypothesis: true area= 0.5

Figure 2: Receiver operating characteristic (ROC)
curve plotted for ratio of median nerve CSA
at wrist-to-mid forearm with details of area
under the curve (AUC).
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13.0 mm?." A study from India reported that the
mean CSA at the inlet of carpal tunnel was 11.0
+ 2.75 mm?."” However, data on HRUS findings
in severe CTS is limited. The mean median nerve
CSA at the level of carpal tunnel inlet in severe
CTS in studies by Borire ef al., Kang et al., and
Klauser et al., were 18.2 + 6.2 mm? and 18.74 +
6.01 mm?, and 18.5 + 6.5 mm? respectively.!>!15
The mean CSA was 15.64 + 3.7 mm? in the present
study, which is lower than the previous studies.
Our study found that the threshold using a ROC
curve of CSA at the wrist level, for the diagnosis
of severe CTS was 10.45 mm?.

Since CTS is a focal neuropathy, swelling of
the median nerve and increased CSA are expected
to be present only in proximity to the site of
entrapment, with normal CSA in the uninvolved
segment of the nerve, such as in the forearm.
This is the basis for using the CSA in the forearm
segment as the internal control and WFR as a more
robust parameter for the sonological diagnosis
of CTS. In the present study, the cut-off WFR
for distinguishing severe CTS was 2.05. Table 3
summarises the CSAs of the median nerve and
the WFR in CTS vis-a-vis healthy controls as
reported in different studies. While the forearm
CSAs of the median nerve were comparable
between patients and controls in some studies,'*'®
other studies demonstrated increased CSAs in
patients even at the level of the forearm.'>'-!8
In the present study too, which included only
patients with severe CTS, the mean CSA at the
carpal tunnel and mid-forearm was 15.64 + 3.7
mm? and 5.53 = 0.7 mm?, respectively, and both
were significantly higher among patients with CTS
as compared to the control group. In contrast, a
few studies demonstrated reduced CSA of the
median nerve in the forearm in patients.'”? This
may be related to the severity of CTS, which
leads to more proximal swelling of the median
nerve and secondary axonal loss. Non-uniform
recording protocols also contribute to the wide
range of values between the studies.

Injury to the median nerve occurs due to
mechanical compression within the carpal tunnel
and chronic ischemia, which leads to obstruction
of axoplasmic flow, demyelination, remyelination,
endoneurial oedema, inflammation, and perineural
thickening, and in more severe cases, to axonal
loss.?! The common conditions that predispose
individuals to CTS are female gender, obesity,
pregnancy, diabetes and hypothyroidism. There
is no gold standard test for diagnosing CTS. The
diagnosis is based on clinical symptomatology
and bedside provocative signs, further supported
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by NCS, which demonstrates selective and focal
involvement of the median nerve at the level of
the carpal tunnel. However, NCS has limitations,
since it is false negative in 10% to 34% of CTS,
particularly in mild CTS. Conversely, this may
result in the misclassification of subjects into
the CTS and control groups while analysing
sonological data. Therefore, we included only
patients with severe CTS in the present study to
overcome this ambiguity.

The present study demonstrates that HRUS
is a useful and well-tolerated tool for rapidly
diagnosing severe CTS. This may guide the
clinician to advice carpal tunnel release surgery
over medical management. This may obviate the
need for needle electromyography, an invasive
and painful test. HRUS is a user-friendly and very
smart tool and may be used by physicians without
neurology speciality training for diagnosing a
very common disease. Further, HRUS parameters,
unlike NCS, are not influenced by ambient
temperature.”> However, it is important to have
the results of the current cohort validated in a
new prospective study with patients coming to the
outpatient clinic with clinical signs and symptoms
of CTS.

In conclusion, we provide robust data on
HRUS parameters of the median nerve in severe
CTS from India. This has relevance not only for
diagnosis but also sets a platform for studying
longitudinal alterations in the median nerve,
including response to interventional therapies
and correlation with the clinical course.
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