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10-MINUTE
SCREENING
TEST

neuropad’

Prevention is better than cure

Diagnostic test for sudomotor
dysfunction and early detection
for the diabetic foot syndrome.

TRIGOcare International GmbH / 51674 Wiehl / Germany



neuropad’ - IS A SIMPLE, NON-INVASIVE INDICATOR TEST THAT HAS BEEN

DEVELOPED FOR THE ASSESSMENT OF SWEATING AND, HENCE, AUTONOMIC
INNERVATION OF THE DIABETIC FOOT.

DIABETIC NEUROPATHY (distal symmetric polyneuropathy)

without myelin layer

Autonomic
neuropathy

Sudomotor
dysfunction
Loss of sweating
Dry skin

Calluses
Fissures
Cracked skin

Diagnostic tool:
neuropad”’
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Nerve-fibre testing

with myelin layer

Sensory
neuropathy

Loss of protective
sensation

Decreased pain
sensation
Insensate foot

Diagnostic tools:
Monofilament 10 g
Tuning fork 1‘{2‘]8[;1' Hz

Motor
neuropathy

Reduced muscle strength
Reduced tendon reflexes

Foot deformities

Today neuropad® test is the only simple and low cost medical device which documents sudomotor
dysfunction and detects sweat glands innervation. neuropad® test validated with more than 50 clinical

study publications.



THE PATHWAY TO FOOT ULCERATION:

A combination of risk factors that ultimately results in the pathway to skin breakdown. Autonomic neuropathy
leading to dry skin and callus build up at such sites, and can also be regarded as a component cause.®®

Arteries of the foot (red)

Peripheral vascular disease
Peripheral vascular desease leads to ischaemia

A-NERVE-FIBRES
Large nerve fibres (yellow)

Insensate feet

Large nerve fibres neuropathy affects sensory
and motor components leading to walking
abnormalities and insensate feet. An increasing
body of data shows that small fibre damage may
precede large fibre damage in diabetic neuropat-
hy.Gz

C-NERVE-FIBRES
Small nerve fibres (white)

Dry cracked skin

Small nerve fibres regulate several key functi-

ons such as sweating. Peripheral sympathetic
autonomic neuropathy leads to sudomotor dys-
function and dry cracked skin.




DIABETIC FOOT SYNDROME AND SMALL FIBRE NEUROPATHY

Small fibres constitute 70-90% of peripheral nerve fibres and regulate several key functions such a tissue
blood flow, temperature and pain perception as well as sweating, all of which are highly relevant to the
clinical presentation and adverse outcomes associated with foot ulcerations in patients with diabetes®.
neuropad® response indicates both functional and structural denervation in the feet of diabetic patients. This has
considerable clinical relevance in screening for diabetic neuropathy.™

ADA Standards of Medical Care in Diabetes 2020
European Federation of the Neuroloical Societies and Peripheral Nerve Society revised guidelines on the use of

skin biopsy concluded that IENFD density is a reliable and efficient technique to confirm the clinical diagnosis
of SFN with level A. (IENFD: Skin biopsies: intraepidermal nerve fibres density SFN: Small Fiber Neuropathy)

servere
of cornea

Sudomotor innervation: A novel stereologic technique in skin biopsies showed a correlation between sweat gland
nerve fibre density, neuropathic symptoms, neurological deficits and sweat production.®



neuropad® TEST RESPONSE STRONGLY CORRELATED TO OTHER TEST FOR

SMALL FIBRE NEUROPATHY

neuropad" test vs Intraepidermal Nerve Fibre Density (IENFD)
All dieabetic patients with abnormal neuropad® test had structural denervation of the feet™.
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SENSITIVITY AND SPECIFICITY OF neuropad® FOR THE DIAGNOSIS OF

DIABETIC NEUROPATHY: A DIAGNOSTIC TEST ACCURACY SYSTEMATIC
REVIEW AND META-ANALYSISs.

Eighteen studies with 3.470 participants met the inclusion criteria. Average sensitivity was 86% (95% Cl 79 to
91) and specificity was 65% (95% Cl 51 to 76). Likelihood ratios (LRs) were LR+ = 2.44 and LR- = 0.22. Subgroup

analyses per reference standard utilized provided similar estimates.

Study [ref.] (year)

Aubert et al. [36] (2013)
Bousboulas et al. [37] (2007)
Didangelos et al. [38] (2006)*
Didangelos et al. [38] (2006)°

Forth et al. [39] (2010)
Freitas et al. [40] (2009)
Gedik et al. [41] (2005)
Manes et al. [42] (2012)
Papanas et al. [43] (2005)

Papanas et al. [44] (2007)

Papanas et al. [45] (2011)
Pritchard et al. [46] (2012)
Quattrini et al. [47] (2008)
Spallone et al. [48] (2009)
Tentolouris et al. [49] (2010)
Tesic et al. [50] (2009)

Zick et al. [51] (2003)
Ziegler et al. [52] (2011)

Ziegler et al. [53] (2011)
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SENSITIVITY

SENSITIVITY (95% Cl)

0.94[0.79 - 0.99]
0.83 [0.64 - 0.94]
0.78 [0.69 - 0.85]
0.73[0.64 - 0.81]
0.911[0.71-0.99]
1.00 [0.85 - 1.00]
0.80[0.61 - 0.92]
0.95[0.89 - 0.98]
0.94 [0.88 - 0.98]

0.97 [0.86 - 1.00]
0.89 [0.82 - 0.94]

0.66 [0.46 - 0.82]
0.85[0.68 - 0.95]
0.76 [0.53 - 0.92]
0.95[0.90 - 0.98]
0.431[0.32 - 0.53]
0.90 [0.68 - 0.99]
0.69 [0.54 - 0.81]

0.76 [0.64 - 0.85]

0.86 [0.79 - 0.91]
Q=182.41, ft = 18.00, p = 0.00

12 =90.13 [86.73 - 93.53]

Study [ref.] (year)

Aubert et al. [36] (2013)
Bousboulas et al. [37] (2007)
Didangelos et al. [38] (2006)
Didangelos et al. [38] (2006)°

Forth et al. [39] (2010)
Freitas et al. [40] (2009)
Gedik et al. [41] (2005)
Manes et al. [42] (2012)
Papanas et al. [43] (2005)

Papanas et al. [44] (2007)
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SPECIFICITY

SPECIFICITY (96% CI)

0.23[0.17 - 0.31]
0.61[0.51-0.71]
0.92[0.82-0.97]
0.90[0.79 - 0.97]
0.66 [0.50 - 0.80]
0.4 [0.22 - 0.69]
0.40[0.12-0.74]
0.72[0.68 - 0.75]
0.70 [0.51 - 0.84]

1.00 [0.96 - 1.00]
0.69 [0.58 - 0.79]

0.67 [0.60 - 0.73]
0.46 [0.26 - 0.67]
0.22[0.06 - 0.48]
0.54 [0.47 - 0.60]
0.80[0.76 - 0.84]
0.65 [0.41 - 0.85]
0.47 [0.37 - 0.58]

0.36 [0.28 - 0.45]

0.85 [0.51 - 0.75]
Q= 357.00, ft = 18.00, p = 0.00

12 = 94.96 [93.54 - 96.38]



SUDOMOTOR DYSFUNCTION DIAGNOSIS WITH neuropad® TEST PROVIDES AN

EARLIER DIAGNOSIS OF DIABETIC NEUROPATHY.=¢

The invariably lower specificity than sensitivity is due to the fact that neuropad® is abnormal in about one third of
patients with clinical examination negative for neuropathy. It has been proposed that this result may be ascribed
to earlier diagnosis of neuropathy by means of neuropad® before conventional clinical signs become positive.®

PROSPECTIVE STUDY

Patient with neuropathy

Group 2nd examination
after 5 years

with normal

neuropad® 2 (2.86%)

1st examination ’

(n=70)

with abnormal

neuropad® 10 (25.64%)

1st examination
(n=39)

without neuropathy
2nd examination
after 5 years

68

29

NDS 1st
examination

297 +4/-0.72

3.39 +/-0.91

NDS 2nd p value
examination

4.23+/-099 p<0.001

4.63+/-1.33 p<0.001

neuropad® test positive result in diabetic patients without clinical
neuropathy is a remarkable indicator for the development of clinical
neuropathy in the future.?®2This appears to reflect early small fibre
involvement which is missed using NDS as a measure of neuropathy.

G2

*Sensitivity and specificity studies: The adhesive indicator test has reasonable sensitivity and could be used for
triage of diabetic neuropathy to rule out foot at risk .



CONSEQUENCES OF SMALL FIBRE NEUROPATHY TO INCREASING THE RISK FOR
DEVELOPING FOOT ULCERATION WITH DP. czssrsss

Diabetes Mellitus

Corresponding factors
Smoking, Lipids, Hypertension

Small fibre Vascular
neuropathy Desease

Sudomotor Microvascular / Macrovascular AGE*
Dysfunction
Loss of Sweating

6 .

Thermoregulatory Ischemia SC* Lipids
& AMPY

cracked and dry
skin with risk of

foot ulceration Impaired wound healing

*AGE Advance Glycosylated End Products
*SC Stratum Corneum



DRYNESS OF FOOT SKIN ASSESSED BY THE VISUAL INDICATOR TEST AND RISK

OF DIABETIC FOOT ULCERATION: A PROSPECTIVE OBSERVATIONAL STUDY=®

ABOUT THE PROSPECTIVE STUDY

4 Years follow up

Average annual
ulceration incidence

European

Countries 7 3 8 o

of
%
Diabetological Diabetic Patients 2 o 97 (4]

Centers (no history of
foot ulceration)

Dryness of foot skin assessed by neuropad® test is an independent predictor of risk of foot ulceration in indi-
viduals with DM. In addition, it was confirmed that other neurological modalities such as high NDS and high
VPT are also associated with increased risk of foot ulceration. Multivariate Cox-regression analysis after control-
ling for the effect of age, gender, and diabetes duration demonstrated that the risk of foot ulceration increased
significantly with abnormal neuropad® test result 3.3 (1.460 - 7545, p = 0.004)

Autonomic Neuropathy (Sudomotor Dysfunciton sweating disorder / Anhidrosis)
C-Nerve Fibre Neuropathy leads to an increased risk of foot ulceration in patients with Diabetes.?2158

Calluses .
Fissures > Risk of

Cracked skin oot Ulceration




EARLY DETECTION OF DIABETIC NEUROPATHY AND DIAGNOSIS OF

SUDOMOTOR DYSFUNCTION

neuropad® tests the function
of the sweat glands
with the help of easy to read
o colour change ey

DIAGNOSTIC:
2 . .
Sweat gland function is OK .~ Sudomotor dysfuntion
Regular routine feet inspections s (included in Autonomic Neuropat-
every 12 months hy)

Proper foot care to keep the skin
barrier intact. Late complications
as foot ulcerations/amputations

pink test result blue test result
damage to the C-nerve fibres cannot be detection of damage to the C-nerve
detected. fibres

How to use neuropad®:

Step 1 Step 2 Step 3

Both feet should be exami- Place the plaster on the After 10 minutes remove
ned. For this purpose, two skin between metatarsal | the plaster without tou-
test patches are included in and Il. Always apply to both ching the reaction field.
the package. feet.

OOooO
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AN INNOVATIVE UNIQUE STANDARDIZED DIAGNOSTIC TOOL TO COMPLETE

DIABETIC FOOT EXAMINATION. THE ONLY SIMPLE, VALIDATED AND REPRODU-
CIBLE TEST FOR DOCUMENTATION OF SUDOMOTOR DYSFUNCTION.

Benefits of neuropad®test:

n High sensitivity*#<>% for screening I . T
of DSPN Validated for self-examination
Detects small fibre S .
!! impairment’s: I h Easy to use™, simple economic I
n Test for sudomotor dysfunction I l:! Increases patient’s compliance I
n i ; ; I a Excellent acceptance from I
Non-invasive, direct result patients with diabetes mellitus™
Objective visual test with No cooperation required by
high reproducibility? the patients

Simple visual indicator test which uses a colour change to define the integrity of skin sympathetic

cholinergic innervation.®

neuropad?® test results:

Normal findings
Sweat gland function is ok

Partly Pink

Abnomal Abnormal
Sudomotor dysfunction Sudomotor dysfunction
Foot at risk of ulceration Foot at risk of ulceration

n
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“Use of the new indicator test (neuropad®) for the assessment of
the staged severity of neuropathy in type 2 diabetic patients”

N. Papanas’, G. Giassakis?, K. Papatheodorou’, D. Papazoglou’, C. Monastiriotis, D.
Christadkidis?, H. Piperidou?, E. Maltezos' 'Second Department of Internal Medicine,
Democritus University of Thrace, 2Department of Neurology, Democritus University of
Thrace, 3Diabetic Department, University Hospital of Alexandroupolis, Greece

“Erectile dysfunction in diabetic men is linked more to microangio-
pathic complications and neu-ropathy than to macroangiopathic
disturbances“

Zdravko A. Kamenoy, Vladimir G. Christoy, Tsanka M. Yankova Clinic of Endocrinology,
Alexandrovska University Hospital, Medical University, Sofia, Bulgaria

»Sweat function evaluation for early diagnosis of diabetic
peripheral neuropathy“

Shen J, Cao Y, Han Y}, Luo XR, Xie CH, Li JM, Xue YM. Department of Endocrinology,
Nanfang Hospital, Southern Medical University, Guangzhou 510515, China

»Neuropad® Indicator Test for Diagnosis of Sudomotor Dysfunction
in Type 2 Diabetes*

Habib Bilen', Aysegul Atmaca?, Gungor Akcay'. 'Department of Internal Medicine,
Division of Endocrinology and Metabolism, Ataturk University School of Medicine,
Erzurum, 2Division of Endocrinology and Metabolism Ondokuz Mayis University
School of Medicine Samsun, Turkey

“Evaluation of the Self-administered Indicator Plaster Neuropad for
the Diagnosis of Neuropathy in Diabetes“

Nicholas Tentolouris, Vasilis Achtsidis, Kyriaki Marinou, Nicholas Katsilambros. 1st
Department of Propaedeutic Medicine, Athens University Medical School, Laiko Gene-
ral Hospital, Athens, Greece

»Examination of tactile disorders in diabetic patients and
cooperation with a neurologist*

Jirkovska A, Boucek P. Centrum diabetologie Institutu klinické a experimentalni
mediciny Prague, Czech Republic

»Fungal foot infections in patients with diabetes mellitus - results
of two independent investigations*

Eckhard M., Lengler A.7, Liersch J.%, Bretzel R. G.', Mayser P?

Third Medical Department, Diabetes-Center 2Center of Dermatology and Andrology,
Justus Liebig University, Giessen, Germany

Experimental
& Clinical
Endocrinology
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of men’s health
& gender

Nan Fang Yi Ke

Da Xue Xue Bao.

Advances in
Therapy

Diabetes Care

Vnitr Lek.

Mycoses

“Experimental & Clinical
Endocrinology and
Diabetes’; 01/2007; 115(1),
58-61

The journal of men's
health & gender, 4 (1),
p.64-73, Mar 2007

Nan Fang Yi Ke
Da Xue Xue Bao.
2007 Aug; 27(8):1210-2

Advances in Therapy
2007 Sep-Oct;
24(5):1020-7.

Diabetes Care.
2008 Feb; 31(2):236-7.

Vnitr Lek. 2007
May;53(5):489-94.

Mycoses, Volume 50,
Supplement 2, September
2007 , pp. 14-19(6)
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»A comparison of the new indicator test for sudomotor function
(neuropad®) with the vibration perception threshold and the clinical
examination in the diagnosis of peripheral neuropathy in subjects
with type 2 diabetes“

Papanas N, Papatheodorou K, Papazoglou D, Monastiriotis C, Christakidis D, Maltezos
E. Second Department of Internal Medicine, Democritus University of Thrace, Universi-
ty Hospital of Alexandroupolis, Dragana, Alexandroupolis, Greece

,he neuropad’ test: a visual indicator test for human diabetic neu-
ropathy“

C. Quattrini*4, M. Jeziorska?, M. Tavakoli*4, P Begum?, A. J. M. Boulton“4and R. A.
Malik+. 1Division of Cardiovascular Medicine, Core Technology Facility, University

of Manchester, 46 Grafton Street, Manchester, 2Division of Regenerative Medicine,
University of Manchester, Manchester, 3Department of Gastrointestinal Sciences,
Clinical Sciences Building, Salford Royal Hospitals, Salford, 4Manchester Diabetes
Centre, Manchester Royal Infirmary, Manchester, UK

»Neuropad as a diagnostic tool for diabetic autonomic and sensori-
motor neuropathy“

Spallone V, Morganti R, Siampli M, Fedele T, DAmato C, Cacciotti L, Maiello MR.
Endocrinology, Department of Internal Medicine, Tor Vergata University, Rome, Italy

»Use of Nanotechnology-Designed Footsock in the Management of
Preulcerative Conditions in the Diabetic Foot: Results of a Single,
Blind Randomized Study*

Alberto Piaggesi, Banchellini Elisa, Macchiarini Silvia, Dini Valentina, Rizzo Loredana,
Tedeschi Anna, Scatena Alessia, Goretti Chiara, Campi Fabrizio, Romanelli Marco MD.
Department of Endocrinology and Metabolism, Azienda Ospedaliera Universitaria
Pisana, Via Paradisa, Pisa 2—56124, Italy

»Moisture status of the skin of the feet assessed by the visual test
neuropad correlates with foot ulceration in diabetes*

Tentolouris N, Voulgari C, Liatis S, Kokkinos A, Eleftheriadou I, Makrilakis K, Marinou K,
Katsilambros N. 1st Department of Propaedeutic Medicine, Athens University Medical
School, Laiko General Hospital, Athens, Greece

»Diagnosis of diabetic neuropathy using simple somatic and a new
autonomic (neuropad) tests in the clinical practice!

Kamenov ZA, Petrova JJ, Christov VG. Clinic of Neurology, Alexandrovska University
Hospital, Medical University - Sofia, Bulgaria
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& Clinical
Endocrinology
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Diabetologia

Diabetic
Medicine

The
International
Journal of
Lower Extremity
Wounds

Diabetes Care

Experimental
& Clinical
Endocrinology

Exp Clin Endocrinol
Diabetes. 2008
Feb;116(2):135-8.

Diabetologia Volume 51,
Number 6 / June, 2008

Diabet Med. 2009
Jul;26(7):686-92

The International Journal
of Lower Extremity
Wounds Volume 7
Number 2

June 2008 82-87

Diabetes Care. 2010
May;33(5):1112-4.

Exp Clin Endocrinol
Diabetes. 2010
Apr;118(4):226-33.
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»he Neuropad test in the screening of peripheral neuropathy in
diabetic patients*

Freitas C, Carvalho A, Melo-Rocha G, Amaral C, Pinto S, Guimaraes R, Neto H, Suascun
J, Muras J, Gongalves |, Martins J, Dores ], Carvalho R, Borges F. Servigos de Endocrino-
logia, Hospital de Santo Antdnio, Porto

»lncreased serum levels of uric acid are associated with sudomotor
dysfunction in subjects with type 2 diabetes mellitus:

Papanas N, Demetriou M, Katsiki N, Papatheodorou K, Papazoglou D, Gioka T, Kotsiou
S, Maltezos E, Mikhailidis DP.

»Association between foot temperature and sudomotor dysfunc-
tion in type 2 diabetes.*

Papanas N, Papatheodorou K, Papazoglou D, Kotsiou S, Maltezos E. Second Depart-
ment of Internal Medicine, Democritus University of Thrace, University Hospital of
Alexandroupolis, Dragana, Alexandroupolis, Greece

»A Prospective Study on the use of the Indicator Test neuropad® for
the Early Diagnosis of Peripheral Neuropathy in type 2 Diabetes*
Papanas N, Papatheodorou K, Papazoglou D, Kotsiou S, Maltezos E.

Outpatient Clinic of Obesity, Diabetes and Metabolism in the Second

Department of Internal Medicine, Democritus University of Thrace, Greece

»Accuracy of the neuropad’ test for the diagnosis of distal symme-
tric polyneuropathy in type 2 diabetes.*

Papanas N, Paschos P, Papazoglou D, Papatheodorou K, Paletas K, Maltezos E, Tsapas
A.Outpatient Clinic of Obesity, Diabetes and Metabolism in the Second Department of
Internal Medicine, Democritus University of Thrace, Alexandroupolis, Greece

»Neuropad: evaluation of three cut-off points of sudomotor
dysfunction for early detection of polyneuropathy in recently
diagnosed diabetes:

Ziegler D, Papanas N, Roden M; for the GDC Study Group. Institute for Clinical Diabe-
tology, German Diabetes Center at the Heinrich Heine University, Leibniz Center for
Diabetes Research; Department of Metabolic Diseases, University Hospital, Diisseldorf,
Germany
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»Corneal sensitivity is related to established measures of diabetic
peripheral neuropathy“

Nicola Pritchard BAppSc(Optom) FAAQ?, Katie Edwards PhD?, Dimitrios Vagenas PhD’, Clinical and
Anthony W Russell MBBS PhD>3, Rayaz A Malik MD PhD4, Nathan Efron PhD DSc'. Experimental
1Institute of Health and Biomedical Innovation, Queensland University of Technology, Optometry
2Department of Diabetes and Endocrinology, Princess Alexandra Hospital, *School of

Medicine, University of Queensland, Australia 4Division of Cardiovascular Medicine,

University of Manchester and Central Manchester

»A Simple and Rapid C;‘uantltatlve Sweat Test Based on Cobalt Skin Pharma-
Chloride Color Change cology and
Moser ', Kriehuber E2, Trautinger F* 'Karl Landsteiner Institute for Dermatological Physioliogy
Research, St. Poelten, 2Novartis Institutes for Biomedical Research, Vienna, Austria

»Useful Application of the Neuropad Test for Assessment of

Diabetic Polyneuropathy“ Internal

Keiji Yoshioka', Hiroshi Okada?. ' Yoshioka Diabetes Clinic, Japan 2 Department of Medicine

Diabetes and Endocrinology, Matsushita Memorial Hospital, Japan

» he diagnostic value of water immersion skin wrinkling and

Neuropads in small fiber neuropathy* Clinical Neuro-

Mirjam Datema’, J. Gert van Dijk?, Elske Hoitsma?. 'Department of Neurology and physiology
Clinical Neurophysiology, Leiden University Medical Center, The Netherlands

»Evaluation of the neuropad® sudomotor function test as a

screening tool for polyneuropathy in the elderly population with

diabetes and pre-diabetes: the KORA F4 survey“

D. Ziegler'?, N. Papanas’, W. Rathmann3, M. Heier4, M.Scheer?, C. Meisinger4, KORA Diabetes/
Study Group. " Institute for Clinical Diabetology, German Diabetes Center at the Hein- Metabolism
rich Heine University, Leibniz Center for Diabetes Research, Diisseldorf 2Department Research and
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Epidemiology, German Diabetes Center at the Heinrich Heine University, Leibniz Center

for Diabetes Research, Diisseldorf, 4 Institute of Epidemiology Il, Helmholtz Zentrum

Miinchen — German Research Center for Environmental Health, Neuherberg, Germany

»Influence of peripheral arterial occlusive disease on the neuropad’

test performance in patients with diabetes*

C. E. Aubert’, ). Le Doeuff?, ). Lajou?, O. Barthelemy?, A. Hartemann's, O. Bourron's. Diabetic
Diabetes and Metabolic Diseases Department, AP-HP, Pitié-Salpétriere Hospital, Paris, ~ Medicine

2Vascular Surgery Department, AP-HP, Pitié-Salpétriere Hospital, Paris, *Private Angiolo-
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