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ARTICLE INFO ABSTRACT

Objective: The aim of the current study was to assess the diagnostic accuracy of the Neuropad for detecting distal

sensory peripheral neuropathy (DSPN) related to human immunodeficiency virus (HIV)-infection.

HIV Design: Single-gate observational case-control study.

Neuropad o Methods: A convenience sample of 30 HIV-infected subjects with a mean age of 48.9 years (95% CI 45.6-52.3)

f:g::tli‘g;y and specificity and no other potential causes of neuropathy were recruited from the Ian Charleson Day Centre (London, UK).

painDETECT Sudomotor function was assessed with the Neuropad, an adhesive patch designed to measure sweat production,
using a 10-min cut-off. Vibration perception threshold (VPT) testing with a neurothesiometer and the

painDETECT questionnaire (PD-Q) were used as reference standard measures of DSPN.

Results: 16 participants with sudomotor dysfunction and 14 with healthy sudomotor function were included in

analysis. Compared to VPT (> 25V) the sensitivity, specificity, positive predictive value (PPV), and negative

predictive value (NPV) of the Neuropad yielded 66.7%, 48.1%, 12.5% and 92.9% respectively. For the PD-Q

(> 12) sensitivity of the Neuropad was 100% and specificity was 58.3%, with PPV and NPV of 37.5% and 100%

respectively.

Conclusions: The Neuropad may be a suitable screening tool for HIV-related DSPN, and can reliably exclude

healthy individuals in the clinical setting. Abnormal Neuropad results require referral to confirm diagnosis.

Limitations exist in the sampling method and study size. The use of reference standard measures of small nerve
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fibre function and continuous Neuropad quantification would strengthen future research.

Introduction

The accuracy of a diagnostic test describes its ability to differentiate
between individuals who have a target condition and those who do not.
Using a single group of participants, a diagnostic test's accuracy can be
validated by comparing the outcomes of the test with the results of a
reference standard measure. A two-by-two contingency table (Table 1)
can be used to summarize these findings and generate values of sensi-
tivity (sensitivity = TP/(TP + FN)) and specificity (specificity = TN/
(TN + FP)) for the test being evaluated. While sensitivity refers to the
test's ability to correctly identify individuals with the condition of in-
terest, specificity provides a measure of the test's ability to correctly
identify individuals without the condition [1].

The accuracy of diagnostic testing for neurological disorders is of
particular interest to those who work in the clinical setting. Distal

sensory peripheral neuropathy (DSPN) is the most common neurolo-
gical complication of human immunodeficiency virus (HIV), with more
than one-third of patients affected [2,3]. DSPN predominately affects
the small sensory fibres, and is characterised by distal axonal degen-
eration [4]. Symptoms of burning or stabbing pain, paraesthesia, and
numbness are reported in a symmetrical distribution affecting the feet
more commonly than the hands [5-7]. Reduced vibration and pressure
perception are found in a similar distribution, and ankle tendon reflexes
are diminished or absent [7-12]. DSPN can lead to substantial disability
and a significantly reduced quality of life, emphasising the importance
of timely diagnosis [13,14].

Sudomotor dysfunction is another common feature of DSPN.
Sudomotor dysfunction causes the skin of the feet to become dry and
susceptible to ulceration as a result of damage to the small sympathetic
C-fibres that innervate sweat glands [15,16]. Quantitative sudomotor
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Table 1
A 2 x 2 contingency table for evaluating a test's diagnostic accuracy.
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Patients with Condition

Positive Test Result True Positives (TP)
Negative Test Result False Negatives (FN)
Totals TP + FN

Patients without Condition Totals
False Positives (FP) TP + FP
True Negatives (TN) FN + TN

FP + TN TP + FP + TN + FN

axon reflex testing (QSART) is useful for detecting sudomotor neuro-
pathy [15,17]. Unfortunately this method is expensive and time-con-
suming, and does not lend itself well to triage in clinical practice [18].
The Neuropad is a non-invasive diagnostic test of sudomotor function
that is simple and cost-effective [19,20]. The indicator test is an ad-
hesive patch designed to measure sweat production on the plantar
surface of the foot. Healthy sweat production causes a cobalt II com-
pound to change colour from blue to pink.

The usefulness of the indicator test for diabetic DSPN has received
considerable attention [21-26]. The Neuropad has consistently de-
monstrated high sensitivity and excellent reproducibility [21-23,27]. In
a systematic review, the indicator test exhibited average sensitivity and
specificity values of 86% and 65% respectively [20]. Compared to vi-
bration perception threshold (VPT) testing, the Neuropad exhibits a
sensitivity of 97.8% and a specificity of 67.2% [23]. These findings
demonstrate the instrument's potential for DSPN screening. Given that
sudomotor dysfunction precedes sensory loss, Neuropad testing may
enable early detection and prevent disabling complications associated
with disease progression [28].

In HIV-infection, DSPN is characterised by a clinical profile similar
to that of diabetic DSPN [29,30]. However the diagnostic utility of the
Neuropad has yet to be evaluated in this population. With the in-
troduction of highly active antiretroviral therapy (HAART) during the
last 20 years, the lifespan of HIV-infected individuals has dramatically
increased [31]. Osteopaths are now more likely to work with in-
dividuals affected by what has become a chronic, progressive illness.

The objective of the current study was to evaluate the diagnostic
accuracy of the Neuropad for assessing DSPN in an HIV-infected po-
pulation. It was hypothesised that the Neuropad would achieve diag-
nostic sensitivity of at least 95% for DSPN in HIV-infected individuals.

Materials & methods
Study design

A single-gate observational case-control design was used to evaluate
the diagnostic accuracy of the Neuropad index test (Fig. 1). This design
is beneficial for assessing diagnostic utility in studies where material
and human resources are limited [32]. VPT and the painDETECT
questionnaire (PD-Q) were both used as reference standard measures of
DSPN.

Participants

Convenience sampling was used to recruit outpatients prospectively
from the Ian Charleson Day Centre (ICDC) at Royal Free Hospital in
London, UK. The study was performed at the ICDC between 4 and 17
August 2015. Clinical staff identified potentially eligible participants
aged 18-65 years with known HIV-infection for screening by members
of the research team. Individuals with type I or type II diabetes, lower
extremity amputation, and central or peripheral neurological disease
unrelated to HIV-infection were excluded.

Ethical approval for this study was granted by the British School of
Osteopathy's Research Ethics Committee and the Royal Free Ethics
Committee. All participants took part in the study voluntarily and gave
informed consent.

Clinical Suspicion

18-65 yearsold
Gate HIV-infection
o Absence of diabetes, unrelated
Criteria . .
central or peripheral neurological
disease

Study Group
Suspected for DSPN

Index Test @
Reference Standards VPT & PD-Q

DSPN Present

! !

Sensitivity Specificity

DSPN Absent

Fig. 1. Single-gate case-control design for assessing the diagnostic accuracy of
the Neuropad.

Test methods

Prior to testing, all subjects were seated in an air condition con-
trolled room held at a constant temperature of 20-25 °C with shoes and
socks removed for an acclimatisation period of 10 min. This procedure
has been consistently implemented in previous Neuropad investigations
[18,23,24,26,33-36].

Following the acclimatisation period, subjects were asked to com-
plete the PD-Q in pencil-and-paper form. The PD-Q is a patient-reported
questionnaire designed to screen for neuropathic pain [37-39]. It is
comprised of 7 questions that address the quality of neuropathic pain
symptoms, 1 temporal question regarding pain patterns, and 1 spatial
item on pain radiation. Symptoms are measured by self-rating on a scale
from O (never) to 6 (very strongly), while temporal patterns are graded
from —1 to +1. Spatial patterns are graded O if radiations are absent
or +2 if radiating pain is present. A final score between —1 and 38 is
given. The authors of the PD-Q recommend a test positivity cut-off score
of 19. The questionnaire has been validated as a reliable screening tool
using this protocol, demonstrating 85% sensitivity and 85% specificity
[37]. It has good internal consistency for HIV-related DSPN, and has
higher sensitivity and specificity than other screening questionnaires
for DSPN, including the Leeds Assessment of Neuropathic Symptoms
and Signs, the Douleur Neuropathique 4, and the Neuropathic Pain
Questionnaire [38,39].

After the PD-Q was completed, VPT was used to assess vibration
sense at the feet. Impaired vibration sense as a result of large fibre
dysfunction has been well documented in those with DSPN related to
both HIV-infection and diabetes [4,5,29,30,40]. VPT is an established
measure of diabetic DSPN and has been used as a reference standard for
evaluating the performance of the Neuropad in previous investigations
[17-19,28,46]. It has high sensitivity (77.3-100%) and specificity
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(72.8-81.0%) and demonstrates excellent intra-rater reliability [41,42].
VPT testing is less invasive, less expensive, and less time consuming
than other reference standard measures of HIV-related DSPN, making it
a practical choice for the research setting.

VPT was measured with a neurothesiometer (Bailey Instruments,
Manchester, UK) from the pulp of the dorsum of the hallux of both feet.
This testing site is reliable for neuropathy screening [14-17,45,46]. The
voltage was gradually increased until the participant reported first
feeling the vibration. The test was repeated three times at each site and
the mean voltage (V) was recorded [10]. In order to familiarise subjects
with the procedure, testing was first performed on each subject's
forearm. DSPN was defined in participants exhibiting a high VPT value
(> 25V) in at least one foot. VPT is an effective clinical predictor of
neuropathic foot ulceration for this test positivity cut-off in prospective
studies [9,10].

The Neuropad (miro Verbandstoffe, Wiehl, Germany) was subse-
quently applied to a callus-free area on the plantar surface of both feet
between the first and second metatarsal heads. The plasters were as-
sessed for colour change 10min after initial application. Complete
colour change from blue to pink in both feet within this 10-min period
was graded as a normal sudomotor response. Subjects were considered
to have sudomotor impairment if the time until complete colour change
exceeded 10 min in at least one foot [21,23]. Although there has been
some disagreement in the literature regarding a suitable application
time for differentiating normal and abnormal sudomotor responses,
Ziegler et al. (2011) demonstrated that extending the screening time
beyond 10 min does not improve the test's diagnostic performance [36].

Neuropad and VPT testing were performed by separate in-
vestigators. To prevent researcher bias, the individuals responsible for
VPT and Neuropad assessment were blinded to the results of the other
tests. As the current investigation formed part of a larger study, bio-
mechanical features of the feet of these participants were also measured
but not assessed for the purposes of the current investigation. All
measures were performed in a single session.

Analysis

Statistical analysis was performed using SPSS 22.0. (Statistical
Package for Social Sciences). Receiver operating characteristic analysis
generated sensitivity and 1-specificity values to assess the diagnostic
accuracy of the Neuropad for VPT and the PD-Q. Data derived from
crosstabulation was used to calculate positive predictive values (PPV)
and negative predictive values (NPV) [44]. Fisher's exact test was used
to test for associations between qualitative variables. Indeterminate or
missing Neuropad, PD-Q and VPT results were excluded.

Assuming a sensitivity of at least 95%, a confidence interval of 0.05,
and DSPN prevalence of 0.7, a minimum sample size of 27 was required
to ensure adequate statistical power [45].

Methods and procedures have been reported according to the most
recently published guidelines for studies of diagnostic accuracy [46].

Results

31 outpatients were assessed for eligibility and invited to participate
in the study. Fig. 2 shows the flow of participants and outlines the
primary outcome measures. Patients who were excluded from the study
are noted (Fig. 2). In total, 30 HIV-infected participants (4 women),
mean age of 48.9 years (95% CI 45.6-52.3), completed the study. No
adverse events occurred using any of the testing modalities. The de-
mographic profile and clinical characteristics of the study population
are reported in Table 2.

High VPT (> 25V) was detected in 3 participants (10%).
Sudomotor impairment was identified in 16 subjects (53.3%), 2 with
abnormal VPT (66.7%) and 14 without (51.9%) (Table 3). Sensitivity of
the Neuropad was 66.7% and specificity was 48.1%, while positive and
negative predictive values were 12.5% and 92.9% respectively
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(Table 4).

High PD-Q scores (=19) were not observed in any of the study
participants. There is strong evidence for the use of alternate PD-Q cut-
off scores for detecting DSPN in HIV-infection [39]. The original vali-
dation study reported the absence of neuropathic pain for scores of 12
and less, and the PD-Q has high sensitivity for this cut-off (> 12)
[37,47]. Using a moderate cut-off (> 12), DSPN was identified in 6
subjects (20.0%), and all 6 subjects demonstrated sudomotor dysfunc-
tion (Table 5). The sensitivity of the Neuropad was 100% and the
specificity was 58.3%, with positive and negative predictive values of
37.5% and 100% respectively (Table 4). Fisher's exact test revealed an
association between PD-Q scoring and sudomotor function.

Discussion

This study evaluated the diagnostic accuracy of the Neuropad in-
dicator test for DSPN in HIV-infected individuals using two reference
standard measures.

The performance of the Neuropad for the PD-Q could not be eval-
uated using the recommended test positivity cut-off. When the mod-
erate cut-off (> 12) was used the Neuropad performed better than in
previous investigations, yielding 100% sensitivity and 58.3% specificity
[20-23]. Low PPV suggests that HIV-infected individuals with a posi-
tive Neuropad result should be referred on for specialist assessment to
confirm the presence of DSPN. Individuals with a negative Neuropad
result can be safely excluded from DSPN diagnosis based on the high
NPV exhibited for both reference standards.

The Neuropad did not perform as well as hypothesised when re-
ferenced to VPT and demonstrated sensitivity and specificity values that
were short of those previously reported for diabetic DSPN [20-23]. This
discrepancy may be accounted for by advances in HAART. While mi-
crovascular damage driven by poor glycaemic control is believed to be
the cause of large nerve fibre damage in diabetic neuropathy [48], the
virus itself is thought to play an important role in the aetiology of large
fibre dysfunction in HIV-infection [49]. The effectiveness of current
HAART therapy for minimizing viral load may reduce complications
that are typically characteristic of established DSPN, such as impaired
vibration sense. While high VPT (> 25V) is a significant predictor of
diabetic foot ulceration, these findings suggest that it may not be ap-
propriate for evaluating the diagnostic performance of the Neuropad in
HIV-infected outpatients [9,10].

The modest specificity of the Neuropad can be explained by the high
proportion of participants diagnosed with sudomotor dysfunction de-
spite normal VPT and PD-Q results. As small fibre injury occurs early in
the development of DSPN, the Neuropad may enable detection before
signs of large fibre dysfunction or pain are reported [15]. Reference
standard tests for small fibre function, such as QSART, would
strengthen future investigations but were not feasible for the present
study [12,50].

Methodological constraints and small sample size are limiting fac-
tors and may account for the absence of high PD-Q scores (=19) and
the low prevalence of high VPT (> 25V) observed in the current in-
vestigation. The method of assessing Neuropad results could also be
improved upon in future study. Categorical estimation of the indicator
test is a highly subjective method that does not permit discrimination of
the severity of sudomotor dysfunction [51]. Ponirakis et al. (2015)
developed image analysis software that generates a measure of the
percentage colour change for scanned Neuropad plasters. Compared to
categorical estimations, automated quantification was shown to im-
prove the diagnostic efficacy of the Neuropad for detecting small fibre
diabetic neuropathy [51]. These findings emphasize the inherent lim-
itations of the Neuropad protocol utilized here, and provide encoura-
ging results for the use of continuous output measures in subsequent
study design.
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Fig. 2. Flow of participants to evaluate the diagnostic accuracy of the Neuropad for DSPN.

Table 2
Demographics and clinical characteristics of the HIV-infected population.

Age (years)® Females, n (%)  Males, n (%)

with sudomotor dysfunction 52.7 + 10.3 2 (12.5%) 14 (87.5%)
without sudomotor dysfunction 51.1 + 9.1 2 (14.3%) 12 (85.7%)
VPT > 25V 56.0 = 15.1 0 (0.0%) 3 (100.0%)
VPT < 25V 51.0 = 8.3 4 (14.8%) 23 (85.2%)
PD-Q =19 0.0 = 0.0 0 (0.0%) 0 (0.0%)
PD-Q > 12 56.8 + 6.6 2 (33.3%) 4 (66.7%)
PD-Q <12 50.1 = 9.0 2 (8.3%) 22 (91.7%)

2 Mean = standard deviation.

Table 3
Sudomotor function compared with VPT, where results > 25V indicate DSPN.
Patients VPT > 25V VPT <25V total
with sudomotor dysfunction 2 14 16
without sudomotor dysfunction 1 13 14
total 3 27 30
Table 4
Diagnostic performance of the Neuropad for the PD-Q and VPT.
Sensitivity (%) Specificity (%) PPV (%) NPV (%)
PD-Q (> 12) 100 58.3 37.5 100
VPT (> 25V) 66.7 48.1 12.5 92.9
Conclusions

The current study investigated the diagnostic accuracy of the
Neuropad for DSPN related to HIV-infection. Sensitivity of the
Neuropad for VPT was modest and lower than previous reports. When

Table 5

Sudomotor function compared with PD-Q status where scores > 12 indicate
DSPN. Fisher’s exact test showed a significant association between PD-Q and
Neuropad results (p = 0.0135).

Patients PD-Q > 12 PD-Q < 12 total
with sudomotor dysfunction 6 10 16
without sudomotor dysfunction 0 14 14
total 6 24 30

referenced to a moderate PD-Q cut-off (> 12), the Neuropad yielded
100% sensitivity. For both reference standards the indicator test ex-
hibited moderate specificity, low PPV, and excellent NPV. These find-
ings suggest that the Neuropad may not be robust enough to be used as
a standalone diagnostic tool for DSPN in the HIV-infected population.
The high NPV of the test suggests that its utility may lie in its ability to
reliably rule out healthy individuals. Interpretation of these findings is
limited by sampling methods and study size. However, as the first to
investigate the accuracy of the indicator test in this population, these
observations are promising and merit future exploration. The simplicity
of the Neuropad lends itself well to the clinical setting and makes it a
suitable and inexpensive instrument for DSPN screening by non-spe-
cialist practitioners. Neuropad screening by osteopaths may facilitate
early intervention and prevent disabling complications associated with
advanced DSPN related to HIV-infection.
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