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Abstract 

Introduction: Cardiac autonomic neuropathy (CAN) is one of the first complications of type 2 diabetes (T2DM) and a 
silent cause of cardiovascular morbidity and mortality. SUDOSCAN, a digital chronoamperometric analysis device, has 
appeared in recent years and allows a rapid and non-invasive quantitative assessment of sudomotor function, which 
will allow the measurement of sympathetic cholinergic function in the assessment of CAN by reflecting the state of the 
autonomic nervous system.  

The main purpose of the present study is to evaluate the usefulness of SUDOSCAN in the detection of cardiac autonomic 
neuropathy in type 2 diabetic patients.  

Patients and methods: In this study we recruited 85 patients with type 2 diabetes. The study data were collected by 
questionnaire, clinical examination and SUDOSCAN. 

Results: The 85 patients had a mean age of 58.32 ± 10.89 years, with a large female predominance, and a sex ratio of 
0.28. 67% of our patients had diabetes for less than 10 years. The SUDOSCAN measurement noted 54.1% with a 
moderate risk of having CAN, 45.9% with a low risk, and a zero percentage with a high risk of having CAN. 

Conclusion: The risk score for cardiac autonomic neuropathy assessed by SUDOSCAN, and its ease of use and 
interpretation, make it a good screening test for cardiac autonomic neuropathy in patients with type 2 diabetes. 
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1. Introduction

Cardiac autonomic neuropathy (CAN) is one of the first complications of type 2 diabetes (T2DM) and a silent cause of 
cardiovascular morbidity and mortality. CAN is present in 90% of patients with type 1 diabetes and 20-73% of patients 
with type 2 diabetes [1]. It reflects dysfunction of the autonomic nervous system (ANS) and regulation of the 
cardiovascular system. The ANS is the main extrinsic control mechanism that regulates heart rate, blood pressure and 
myocardial contractility [2,4]. Sudomotor dysfunction is one of the earliest findings in distal small fiber neuropathy and 
correlates closely with the presence of CAN [1,2]. 

A digital chronoamperometric analysis device (SUDOSCAN) has emerged in recent years, which allows a rapid and non-
invasive quantitative assessment of sudomotor function. The device measures the electrochemical conductance of the 
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skin, which results from the electrochemical reaction between the sweat chlorides and the electrodes in contact with 
the hands and feet [2,3]. 

The assessment of sudomotor function provides a measure of sympathetic cholinergic function as part of the ASC 
workup by reflecting the state of the autonomic nervous system [4]. 

The main aim of the present study is to evaluate the usefulness of the SUDOSCAN in screening for cardiac autonomic 
neuropathy in type 2 diabetic patients. 

2. Material and methods 

This is a prospective cross-sectional and descriptive study of 85 patients with type 2 diabetes followed at the 
Department of Endocrinology, Diabetology and Metabolic Diseases of the Mohammed VI University Hospital of 
Marrakech. 

Information on the socio-demographic data of the participants, their medical history, the duration of diabetes and its 
treatment, and associated complications were collected during an interview using a previously established 
questionnaire.  

Clinical examination and various clinical parameters were performed and specified such as: weight and height, BMI, 
blood pressure, EKG and GPI. 

SUDOSCAN, a unique, simple and non-invasive device, was performed on our patients, which is able to detect and 
monitor small fiber neuropathies that are usually not detected by traditional tools. It consists of a computer and 4 
electrodes on which patients place their bare hands and feet. In less than 3 minutes, it provides stimulation of the sweat 
glands which assesses small nerve fibers (C-fibers) [5]. This early detection improves the management of the disease 
and prevents serious complications. 

Patients were classified according to the values of the electrochemical conductance of the feet (CECP, expressed in 
micro-Siemens, μS) into no-risk (CECP > 60 μs), moderate-risk (40-60 μS) or high-risk (< 40 μS) subjects, these cut-off 
values were defined based on previous studies [5,6].  

Our data were entered using Microsoft Office Word 2019. Statistical analysis was performed using Microsoft Office Excel 
2019. 

3. Results  

 

Figure 1 Epidemiological, clinical and paraclinical characteristics of our series 

Our series included 85 type 2 diabetic patients, we noted a large female predominance, with a sex ratio of 0.28.  
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A large proportion (67%) of our population had suffered from diabetes for less than 10 years, and only 21.4% of the 
participants had a pathological EKG. We also noted in the SUDOSCAN results that the majority of patients (54.1%) had 
a moderate risk of having an ASC, 45.9% had a low risk, while the percentage of a high risk of having an ASC was zero. 
(Fig1) 

4. Discussion 

Cardiac autonomic neuropathy (CAN) associated with diabetes damages the autonomic nerve fibers that innervate the 
heart and blood vessels, resulting in abnormalities of heart rhythm and vascular dynamics. It affects several systems 
and is a major cause of morbidity and mortality in patients with diabetes [13]. 

Learned societies recommend screening for ANC in patients with T2DM at first diagnosis, whereas in T1DM, screening 
takes place five years after disease onset [11]. Dysglycemia is not the only cause of CAD onset and progression in T2DM, 
obesity and associated dyslipidemia, hyperinsulinemia and hypertension are additional risk factors for CAD in T2DM 
[10,12]. Thus, it appears that different etiological factors of diabetes contribute differentially to the manifestations of 
CAN [10]. 

Of the different functional subsystems of the ANS, the cardiovascular autonomic nervous system is most often examined 
using parameters such as heart rate and blood pressure. Sudomotor testing is a useful adjunct to the assessment of the 
cardiovascular autonomic nervous system, as impaired neurogenic sweating is one of the first clinical signs of various 
autonomic neuropathies, as well as neurodegenerative disorders, and significantly reduces quality of life. Clinically In 
the first instance, the autonomic nervous system is assessed with a detailed history of autonomic function and a general 
clinical examination [5]. 

SUDOSCAN is a new technique that uses reverse iontophoresis and chronoamperometry to assess the chloride ion 
concentration of the skin as a measure of sudomotor production. The applied electric current induces a shift of chloride 
ions from the sweat glands to the outer skin surface, resulting in a current between the anode and a reference electrode 
that is proportional to the skin chloride concentration. This technique is easy to implement and has been studied in 
patients with diabetic neuropathy [7]. 

Sweat glands are innervated by small amyelinated fibers, and exploration of sweat function has been proposed to assess 
the severity of autonomic nervous system damage [3,14]. The American Diabetes Association (ADA) suggests that 
measurement of sweat function should be included in the tests used to screen for and diagnose diabetic neuropathies 
[3,15]. The Toronto Expert Consensus also advocates the use of this test for the early detection of autonomic nervous 
system damage [3, 15]. 

SUDOSCAN risk scores are automatically calculated from electrochemical skin conductivity values, BMI and age, using 
an algorithm included in the device software. The scores are presented as percentages, and higher risk scores are 
associated with an increased risk of autonomic heart defects [4,16]. 

  

Figure 2 Principle and electrochemical mechanism of the SUDOSCAN 
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Due to the complexity of the autonomic nervous system, many phenomena have not yet been elucidated, so that 
autonomic functional diagnosis is in constant evolution. 

Although less established and less widely used than cardiovascular autonomic testing, the assessment of sudomotor 
function is of increasing interest both for research studies and for clinical diagnostic evaluation. In addition, studies 
have shown that neurogenic sweating is one of the earliest clinical signs of a variety of autonomic neuropathies and 
neurodegenerative disorders, highlighting the diagnostic value of these techniques [7]. 

Our study found a significant rate (54.1%) of 85 patients with a moderate risk of developing CAN, and 45.9% with a low 
risk, while the percentage of high risk is zero, which is in line with a study carried out in 257 patients, in whom the 
SUDOSCAN allowed the detection of CAN and obtained the following 3 groups: 127 subjects without risk of developing 
CAN, 64 with a moderate risk and 66 with a high risk [17]. Another study conducted in China and enrolling 75 patients 
with type 2 diabetes (T2DM) and 45 non-diabetic (table 1) controls showed that patients with diabetic ANC (DCAN) and 
early DCAN had lower electrochemical skin conductance, which is positively correlated with severity, thus proving that 
SUDOSCAN is a reliable and feasible method for screening for DCAN in the Chinese diabetic population [18]. Casellini et 
al. demonstrated that SUDOSCAN is a sensitive tool for detecting neuropathy in diabetic patients, with a sensitivity of 
78% and a specificity of 92%, equivalent or superior to clinical neuropathy scores [19]. And in India, Yajnik et al. have 
also conducted similar international studies [4]. 

Table 1 Diagnostic efficiency of electrochemical skin conductance in the screening of diabetic cardiac autonomic 
neuropathy [18].  

 

ESC, electrochemical skin conductance; +PV, positive predictive value; −PV, negative predictive value; TC, total consistence rate. ∗Criterion 
corresponding to the highest Youden index (feet ESC, 0.400; hands ESC, 0.522). 

5. Conclusion 

In conclusion, the risk score for cardiac autonomic neuropathy assessed by SUDOSCAN, and its ease of use and 
interpretation make it a good screening test for cardiac autonomic neuropathy. The assessment of the severity of 
microangiopathic complications in diabetic patients by the SUDOSCAN seems promising, as unrecognized complications 
are very frequent in this context. 

Compliance with ethical standards 

Acknowledgments 

I thank all the authors of this article. 

Disclosure of conflict of interest 

No conflict of interest.  

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References 

[1] Dimitropoulos G, Tahrani AA, Stevens MJ (2014) Cardiac autonomic neuropathy in patients with diabetes 
mellitus. World J Diabetes 5:17–39. 



World Journal of Advanced Research and Reviews, 2023, 18(02), 630–634 

634 

[2] Yuan, T., Li, J., Fu, Y., Xu, T., Li, J., Wang, X., … Zhao, W. (2018). A cardiac risk score based on sudomotor function 
to evaluate cardiovascular autonomic neuropathy in asymptomatic Chinese patients with diabetes mellitus. PLOS 
ONE, 13(10), e0204804. 

[3] Bouenizabila, E., Kakou, C., Bauduceau, B., Calvet, J.-H., & Carmoi, T. (2015). Screening for type 2 diabetes and its 
complications in sub-Saharan Africa: the potential place of SUDOSCAN. Medicine of Metabolic Diseases, 9(2), 
165–170. 

[4] Yajnik, C. S., Kantikar, V., Pande, A., Deslypere, J.-P., Dupin, J., Calvet, J.-H., & Bauduceau, B. (2013). Screening of 
cardiovascular autonomic neuropathy in patients with diabetes using non-invasive quick and simple assessment 
of sudomotor function. Diabetes & Metabolism, 39(2), 126–131. 

[5] Mayaudon H, Miloche PO, Bauduceau B. a new simple method to assess sudomotor function interest to diabetes 
type 2 . Diabetes Metab 2010;36:450-4  

[6] HubertD, Brunswick P, CalvetJH,Dusser D, Fajac I. Abnormal elec-trochemical skin conductance in cystic fibrosis. 
J Cyst Fibros 2011;10: 15-20. 

[7] Ziemssen, T., & Siepmann, T. (2019). The Investigation of the Cardiovascular and Sudomotor Autonomic Nervous 
System—A Review. Frontiers in Neurology, 10. 

[8] Selvarajah D, Cash T, Davies J, Sankar A, Rao G, Grieg M, et al. SUDOSCAN: A Simple, Rapid, and Objective Method 
with Potential for Screening for Diabetic Peripheral Neuropathy. PLoS ONE (2015) 10:e0138224 

[9] Krieger S-M, Reimann M, Haase R, Henkel E, Hanefeld M, Ziemssen T. Sudomotor testing of diabetes 
polyneuropathy. Front Neurol. (2018) 9:803 

[10] Bakkar, N.-M. Z., Dwaib, H. S., Fares, S., Eid, A. H., Al-Dhaheri, Y., & El-Yazbi, A. F. (2020). Cardiac Autonomic 
Neuropathy: A Progressive Consequence of Chronic Low-Grade Inflammation in Type 2 Diabetes and Related 
Metabolic Disorders. International Journal of Molecular Sciences, 21(23), 9005. 

[11] Boulton, A.J.; Vinik, A.I.; Arezzo, J.C.; Bril, V.; Feldman, E.L.; Freeman, R.; Malik, R.A.; Maser, R.E.; Sosenko, J.M.; 
Ziegler, D. Diabetic neuropathies: A statement by the American Diabetes Association. Diabetes Care 2005, 28, 
956–962. 

[12] Rolim, L.; Sá, J.; Chacra, A.R.; Dib, S.A. Diabetic cardiovascular autonomic neuropathy: Risk factors, clinical impact 
and early diagnosis. Arq. Bras. Cardiol. 2008, 90, e24–e31. [CrossRef] [PubMed] 5. Goldberger, J.J.; Arora, R.; 
Buckley, U.; Shivkumar, K. Autonomic nervous system dysfunction: JACC focus seminar. J. Am. Coll. Cardiol. 2019, 
73, 1189–1206. 

[13] Agashe, S., & Petak, S. (2018). Cardiac Autonomic Neuropathy in Diabetes Mellitus. Methodist DeBakey 
Cardiovascular Journal, 14(4), 251. 

[14] Low PA. Evaluation of sudomotor function. Clin Neurophysiol 2004;115:1506-13. 

[15] Tesfaye S, Boulton AJ, Dyck PJ, et al; Toronto Diabetic Neuropathy Expert Group. Diabetic neuropathies: update 
on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes Care 2010;33:2285-93 
[Erratum in: Diabetes Care 2010;33:2725]. 

[16] Lai, Y., Huang, C., Cheng, B., Tsai, N., Chiu, W., Chang, H., Lu, C. (2021). Feasibility of combining heart rate 
variability and electrochemical skin conductance as screening and severity evaluation of cardiovascular 
autonomic neuropathy in type 2 diabetes. Journal of Diabetes Investigation, 12(9), 1671–1679. 

[17] Bauduceau, B., Mayaudon, H., Garcia, C., & Yajnik, C. S. (2011). O68 SUDOSCAN: a new tool for the early detection 
of cardiac autonomic neuropathy: a comparison with conventional scanning methods. Diabetes & Metabolism, 
37(1), A17. doi:10.1016/s1262-3636(11)70556-0  

[18] He, T., Wang, C., Zuo, A., Liu, P., Zhao, R., Li, W., … Hou, X. (2017). Electrochemical Skin Conductance May Be Used 
to Screen for Diabetic Cardiac Autonomic Neuropathy in a Chinese Population with Diabetes. Journal of Diabetes 
Research, 2017, 1–6. 

[19] Casellini, C. M., Parson, H. K., Richardson, M. S., Nevoret, M. L., & Vinik, A. I. (2013). SUDOSCAN, a Noninvasive 
Tool for Detecting Diabetic Small Fiber Neuropathy and Autonomic Dysfunction. Diabetes Technology & 
Therapeutics, 15(11), 948–953. 


