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The new method of high-frequency dopplerography is proposed for early diagnosis of diabetic autonomic neuropathy.

Abstract

Diabetic neuropathy is the common complication of diabetes and cardiovascular autonomic neuropathy is associated with early morbidity and
mortality on diabetic patients. We investigated the potential of High-frequency Ultrasonic Dopplerography for early diagnosis of cardiovascular
autonomic neuropathy. 52 diabetic patients with sensorimotor neuropathy were examined. Cardiovascular autonomic neuropathy was detected
using several cardiovascular autonomic reflex tests as a gold standard of diagnosis. Microvascular blood flow of finger skin was evaluated at rest as
well as in functional tests: with cold impact and occlusion (cuff). The cold test tuned out to be high informative for discrimination of cardiovascular
autonomic neuropathy staging and predictive of confirmed/severe stage (sensitivity of marker was 100%, specificity 77%). High-frequency Ultrasonic
Dopplerography allowed separating of cardiovascular autonomic neuropathy stages. This study is necessary to continue for revealing of all method

possibilities.
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Introduction

Diabetes Mellitus (DM) is one of the most widespread endocrine
pathologies leading to early disability and mortality of patients [1,2].
Nervous system impairment occurs on 40-60% of patients with type
2 DM (T2DM) already at the time of diagnosis [3-6]. Peripheral
sensorimotor and autonomic cardiovascular neuropathies (CAN) are
the reason for the most severe complications of DM the diabetic foot
and painful polyneuropathy [3,7]. According to different researchers
the spread of CAN varies significantly depending on the type of
diabetes, its duration and complications, age of patients, diagnostic
criteria [3,8] and going up to 65% in patients with T2DM [7].
However, CAN proceeds asymptomatically in most cases or its clinical
symptoms are not specific [9,10]. Diagnostic criteria and staging
of CAN are still being debated. Staging of CAN have the crucial
significance because the progressive stages of CAN are associated with
increasingly worse prognosis. A complex of cardiovascular autonomic
reflex tests known as CARTS or cardiovascular tests of Ewing DJ and
Clarke BF are traditionally performed and widely accepted as the gold
standard for screening and monitoring CAN [3,7,11,12]. However, the
combination of CARTs with some additional screening methods may

allow more accurate diagnosis of CAN [13,14]. Thus, the search for
diagnostic methods to screen CAN in patients with DM is of current
interest. Functional abnormalities of the microcirculation have gained
significant attention in recent years for their potential pathogenic role
in the development of diabetic complications, particularly diabetic
neuropathy and diabetic foot problems [15,16].

The most accessible microcirculatory bed is that of the skin, and its
functional assessment represents therefore a very tempting approach
for the understanding of pathomechanisms that lead to microvascular
dysfunction [17]. More recently, Higher-frequency Doppler
ultrasound with probes of 20-25 MHz were allowed for the assessment
of skin blood flow in healthy subjects and patients with different
diseases. The series of clinical studies have demonstrated promising
results [18-20]. High-frequency Ultrasonic Dopplerography (HFUD)
is commonly used to investigate skin microcirculation in the clinic. It
is noninvasive, simple, fast, and economical and effectively identifies
peripheral microvascular changes in the wide range of blood vessels
[21-24].

The aim of this study was to evaluate the method of HFUD for
assessing CAN in patients with DM, to examine its diagnostic
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efficiency in prognosis of CAN compared with traditional modalities
(CARTS).

Material and Methods
Study population

A pilot prospective study was performed. The 52 patients with
T2DM (38 men and 14 women) have been included in the study on
the bases of the endocrinology departments of North-Western State
Medical University n.a. I. I. Mechnikov and S. M. Kirov Military
Medical Academy. All participants gave informed consent to the
study which was approved by the Local Ethics Committee. Inclusion
criteria were presence of type 2 diabetes, symptoms and/or signs of
diabetic sensorimotor neuropathy. Exclusion criteria were poor
controlled of diabetes (HbAlc = 10%), atrial flutter, fibrillation ore
use of pacemaker, severe liver or kidney disease (estimated glomerular
filtration rate (eGFR)<30 ml/min/1.73 m?), stage III and IV New
York Heart Association (NYHA) heart failure, chronic obstructive
pulmonary disease, other causes of peripheral neuropathy, significant
peripheral arterial disease defined as Ankle-Brachial Index < 0.9. No
exclusions in relation to current pharmacotherapy were applied. Ten
nondiabetic healthy subjects of the same age were recruited for control
group of the study.

Data collection and clinical evaluation

Demographic data were documented including age, sex, height,
weight and smoking history. Pertinent medical history (duration of
diabetes, history of hypertension, CVD, cerebrovascular disease and
microvascular disease (nephropathy and retinopathy) were confirmed
from medical records. All measurements have been performed
by standard conditions to obtain reliable measurements. Eligible
participants were advised to refrain from caffeine, alcohol, smoking
and strenuous exercise for 8-10 hours before the study. Demographic
data collection and all instrumental manipulations were performed in
a temperature controlled room (22-24°C). After fasting for at least 8
hours, venous blood was collected from participants for measurement
of HbA1c%, serum lipids and serum creatinine on an automated
analyzer enzymatically. The Modification of Diet and Renal Disease
(MDRD) formula was used to calculate eGFR. All tests were performed
after the participants were acclimatized in the examination room and
rested for 20 min in a supine position.

Assessment of microcirculatory blood flow

Microvascular blood flow of skin at the nail roller of fingers at rest
was estimated by method of high frequency ultrasonic dopplerography
(HFUD) using the “Minimax-Doppler-K” device (LLC JV “Minimax’,
Russia, St. Petersburg) [18-20]. Method is based on the Doppler
principle: ultrasound is directed towards target tissue, usually the skin.
Light is scattered back on red blood cells and is then collected and
analyzed by ultrasound probe. The outcome is presented as blood flow
or flux which is represented actual linear and volume perfusion values
in the vessels of wide range 0.3-2 mm. As every change in blood flow
velocity is detected, the signals from blood flow of arterioles represent
pulsation as result of left ventricle contraction. Setting the probe (20-
25 MHz) was performed without compression of skin in the field of
nail rollers of fingers [20-22].

Microvascular blood flow was registered in the form of patterned
Doppler images, which were analyzed after the procedure. Computer-
based analysis of Doppler images allowed averaging all velocity
parameters registered in the vessel lumen or tissue volume and obtain
the weighed mean velocity. The average linear systolic velocity (Vas),
average linear diastolic velocity (Vad) and average mean linear blood

flow velocity during cardiac cycle (Vam) were derived from weighed
mean velocity curve. Blood flow was estimated at rest and during
functional tests: cold and occlusive (cuff) ones.

Cold test: It was performed to assess sympathetic adrenergic
regulation mechanisms of vessel tone of finger skin. The hand was
immersed for one minute in cold water with temperature at 2-4°C
(floating ice) with the blood flow in the contralateral extremity
recorded. The following parameters were recorded automatically:
baseline blood flow for three minutes, cold implication with recorded
of blood flow for one minute followed by three minutes of post cold
exposure blood flow response. Cold test measures used for analysis
included maximal decreasing of mean linear blood flow velocity (Vam)
on cold impetus and the peak of blood flow in post cold exposure
period as a percentage of baseline Vam. These variables were chosen
due to their ability to depict the response over time in the context of
their previously demonstrated acceptable reliability [19,23,24]. In the
time of cooling normal blood flow decreased by 30-50%, and after
cold exposure it increased by 20-30% above the initial one. Cold test
was considered as the negative (the kept vasoconstriction) in all cases
of adequate decrease of blood flow on cold impetus and/or adequate
increase after cold exposure. In other cases, the test was regarded as the
positive (violation of vascular innervation).

Cuff (occlusive) test: At present the cuff test is regarded as the
test used not only for assessing the endothelium function, but
also for reflecting state of microcirculatory function in whole [23-
25]. Since nitrogen oxide is involved in post-occlusive response of
microcirculatory blood flow only partially, along with an axonal reflex,
calcium-activated potassium channels and other mediators [24-26].
During the test, the manometer cuff, which the pressure was forced
on 20-30 mmHg more than systolic pressure of the patient, was laid on
his/her brachium. The compression was performed within 3 minutes,
and then the decompression of a brachial artery was quickly obtained.
In healthy people after short-term occlusion there was increasing of
the skin blood flow by 1.5-3 times in comparison with the baseline. The
test was considered as the negative in the cases of blood flow increase
in the first or the second minute after short-term occlusion (adequate
increase of blood flow). If there was no increase in the blood flow or
it was insufficient, test was considered as the positive (pathologically
changed reaction of blood flow).

Cardiovascular autonomic reflex tests

These tests (CARTSs) were used as the gold standard clinical testing
method and were performed as previously described [27]. All patients
underwent a combined investigation of the autonomous regulation
of circulation, including: the tilt-table test (the difference in systolic
blood pressure change between lying down and passive standing up
after 2 minutes), heart rate response to deep breathing (the difference
between the maximum and minimum heart rates during each deep
expiration and inspiration at 6 breaths per minute), Valsalva maneuver
(the ratio of the longest R-R interval shortly after Valsalva maneuver
to the shortest R-R interval during Valsalva maneuver), handgrip test
(the difference in systolic blood pressure change between baseline and
during static exercise), and cold-stress vasoconstriction.

The circulation assessment was performed with the non-invasive
beat-to-beat blood pressure monitor Finometer-Pro (FMS, Holland)
simultaneous ECG recording. The forearm blood flow was measured
by venous occlusion plethysmography using Dohn air-filled
plethysmograph.

The scoring system of the CARTs is presented in the table 1. Each
normal autonomic functional test was graded as 0, each borderline
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Table 1: Components and scoring system for the cardiovascular reflex
tests.

. . Normal scores| Borderline | Abnormal
Cardiovascular autonomic
reflex tests (values) scores scores
(0 points) (0.5 points) | (1 points)
Valsalva ratio (c.u) >1.41 1.40-1.20 <1.19
Deep breathing test (h.r) >15 14-11 <10
Handgrip test (mm Hg) >15 14-11 <10
Cold-stress vasoconstriction ( %) >36 35-25 <24
Tilt-table test (mm Hg) <10 29-11 >30

test as 0.5 and each abnormal test as 1. On the basis of the sum of
this score, we calculated the total CAN score, which is the sum of the
partial scores (minimum 0, maximum 4). According to the Toronto
Diabetic Neuropathy Expert Group Recommendation all patients was
separated on three groups: CAN 1 (possible/early CAN-one total
CAN score was calculated), CAN 2 (definite/confirmed CAN-at
least two total CAN scores were found), CAN 3 (severe/advanced
CAN-in the cases of orthostatic hypotension in addition to CARTs
abnormalities) [3,7].

Assessment of diabetic sensorimotor neuropathy

The assessment of DPN was based on participants’ history and
careful physical examination. Symptoms were evaluated by using the
Total Symptom Score (TSS) which examines the presence of pain,
cramps or aching in the feet. Signs of DPN were evaluated by using
Neuropathy Disability Score (NDS). Quantitative sensory testing
included the assessment of vibration perception threshold using 128-
Hz tuning fork, cutaneous perception (light touch sense) threshold
using Semmes-Weinstein monofilaments, and also temperature and
pinprick senses. The ankle and knee reflexes were also examined.
This clinical scoring system corresponds well with the results of
neurophysiological examination and has acceptable sensitivity and
specificity for the diagnosis of polyneuropathy when a cut-off point of
more than 4 is used [28].

Statistical analysis

The data were presented as mean + Standard Deviation (SD) for
continuous variables and as percentages for categorical variables. Chi-
square tests were used to compare categorical variables between groups.
The differences for continuous variables among the study groups
were assessed by Analysis of variance (ANOVA) test. Significance
was defined as a p value of less than 0.05. Statistical procedures were
performed with the statistical package STATISTICA v.10.

The sensitivity, specificity, and positive and negative predictive
values were calculated separately for each microvascular blood flow
tests to evaluate the sensitivity and specificity of method of High-
frequency Ultrasonic Dopplerography in detecting of CAN staging
compared with traditional modalities. Sensitivity indicated the true-
positive rate and specificity indicated the true-negative rate. Positive
predictive value indicated the true-positive results divided by the total
positive cases. Negative predictive values indicated the true-negative
results divided by the total negative cases.

Results

Characteristics of the study population

Average age of patients was 66.2 + 7.6 years old, duration of T2DM
was 9.8 + 7.0 years. The symptoms of CAN such as the complaints

to feeling of heartbeat at rest, blackout, and dizziness when changing
position of a body were revealed only in 10 patients (19 %).
Nevertheless CAN was diagnosed for all patients: possible/early CAN
(CAN 1) in 31 patients (59%), definite/confirmed in 9 ones and severe/
advanced in 12 subjects (17 and 23 % respectively). The patients with
confirmed and severe CAN were merged into the group of CAN 2-3.
Initial characteristics of the patients and control group are presented
in the table 2.

As shown in the table 2, the participants with different stage of CAN
were comparable in age, gender ratio and duration of T2DM, presence
of other diabetic microvascular complications, body mass index, and
parameters of metabolic control.

Notably, comparisons showed that patients with CAN 2-3 had a
more severe sensorimotor neuropathy compared to the subjects with
CAN 1. There were significant differences in the presence of ischemic
heart disease and arterial hypertension between groups, with those
with confirmed/severe CAN much more likely to have macrovascular
complications of diabetes than those with early stage.

Comparison of microcirculatory blood flow parameters in
the study population

Initial parameters of microcirculatory blood flow were decreased in
all patients with T2DM in comparison with the control group (Table 3).
Furthermore significant differences between the groups of the patients
with CAN 1 and CAN 2-3 were found according to the HFUD (Table
3, Graph 1). Thus the average parameters of microvascular blood flow
velocity were significantly decreased in the patients with CAN 2-3 in
comparing with CAN 1.

Comparison of occlusive (cuff) test results in the study
population

The positive results (pathologically changed reaction of blood flow)
of occlusive (cuff) test were revealed for 12 patients (39%) in the CAN
1 group and for the more than half of patients (62%) in the group of
CAN 2-3 (Graph 2). The negative tests (adequate increase of blood
flow after short-term occlusion) were registered for 19 patients (61%)
with early CAN and for 8 patients (38%) with confirmed/severe stages
(Figure 1). Only negative results were obtained in the control group.

We analyzed the efficiency of positive occlusive (cuff) test result
for diagnosis of confirmed/severe CAN, compared with the results of
the standard CARTSs. The positive result of occlusive (cuff) test turned
out to be most informative for prognosis of abnormal Handgrip-
test (sensitivity of marker was 40%, specificity of marker was 75%,
positive predictive value was 33%, negative predictive value was 80%).
Moreover, specificity of occlusive (cuff) test for prognosis of confirmed/
severe CAN was 61%, sensitivity was 62%, positive predictive value,
and negative predictive value were 52% and 70% respectively (Table 4).

Comparison of results of cold test in the study population

The positive results of cold test (pathologically changed
microvascular reactivity) were registered in 23% patients with the early
CAN and in all patients (100%) with confirmed/severe CAN (Figure
1, Graph 3). Respectively the negative results (adequate decrease of
blood flow during application of cold implication and/or an adequate
increase of blood flow after cold exposure) were observed in 77%
patients of the CAN 1 group and in no patients with CAN 2. Negative
results of cold test were found for all subjects in controls.

The cold test results turned out to be the most informative to predict
of cold vasoconstriction (adrenergic vascular innervation) measured
by photoplethysmography method. Thus the sensitivity of marker was
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Table 2: Characteristics of the study population.

Variable Diabetes Individuals p-value Controls (n=10)
CAN 1 (n=31) CAN 2-3 (n=21)

Age, years 70.0+9.8 65.7+7.0 0.26 55.8+79
Gender (m/f) 22/9 16/5 0.94 5-May
Duration of T2DM, years 9973 9.2+54 0.87 -
Diabetic retinopathy (%) 13 (42%) 10 (48%) 0.68 -
Diabetic nephropathy (%) 11 (36%) 8 (38%) 0.85 -
(Iili;arzi;)n of diabetic sensorimotor neuropathy 24+21 20+1.9 0.76 )
(Ssc\)/irtt\)/ of sensorimotor neuropathy-NDS 84429 112432 0.06 i
Ischemicheartdisease (%) 20 (65%) 20 (95%) 0.01 -
Arterial hypertension (%) 28 (90%)* 21 (100%)* 0.14 3 (30%)
BMI (kg/m?) 314+5.7 31.3+5.7 0.95 28424
HbA1lc (%) 7.0+1.2% 7.2+0.9* 0.27 58+1.7
tChs (mmol/I) 43+1.2 42+1.1 0.77 50+1.2
Ch-LDL (mmol/1) 1.9+0.8 25+10 0.16 29+1.1
Ch-HDL (mmol/1) 1.3+0.2 1.1+04 0.6 1.0+0.5
TG (mmol/1) 1.4+0.7 15+1.0 0.88 1915
Cardiovascular autonomic reflex tests
Valsalva ratio (c.u) 1.5+0.5 1.2+£0.2* 0.03 1.48+0.2
Handgrip test (mm Hg) 18.3+3.6 9.4+6.7% 0.02 18.5+6.6
Cold-stress vasoconstriction (%) 31.2+9.7* 17.3 +£10.6* 0.04 39.6+12.0
Tilt-table test (mm Hg) 6.3+6.1 20.7 £ 13.5* 0.00002 5.9+8.0
Deep breathing test (h.r) 11.6 £ 2.0* 9.4 +2.0* 0.04 18.7+2.6

*p<0.05 in comparison with control group
T2DM-type 2 Diabetes Mellitus; NDS-scale of Neuropathic Disability Score; BMI-Body Mass Index; HbA1c%-Glycated Hemoglobin; tChs-Total Cholesterol;
Ch-LDL-Cholesterol of Low Density Lipoprotein; Ch-HDL- Cholesterol of High Density Lipoprotein; TG-Triglycerides

Table 3: Comparison of the parameters of skin microcirculatory blood
flow in the study population.

Diabetes individuals ( n=52) |p-level | Controls (n=10)
Variable
CAN1 (n=31) | CAN2-3(n=21)
Vas (cm/sec) 6.2 +£4.2% 3.8+3.7* 0.003 7.9%0.6
Vad (cm/sec) | 2.8 +2.6* 1.8+2.3* 0.018 4.2+0.5
Vam (cm/sec) | 3.9 +3.1* 2.5+2.7% 0.005 6.7 +£0.5

*p<0.05 in comparison with control group
Vas-average linear systolic velocity; Vad-average linear diastolic velocity;
Vam-average mean linear blood flow velocity during cardiac cycle

Table 4: Diagnostic efficiency of functional tests for prognosis of
confirmed/severe cardiac autonomic neuropathy in the patients with
type 2 diabetes and sensorimotor neuropathy.

Tests Sensitivity,% Specificity,% | +PV,% | -PV,%
Cold-test 100 77 75 100
Occlusive (cuff) test 62 61 52 70

+PV: Positive predictive value; -PV: Negative predictive value

93%, specificity of marker was 80%, positive predictive value was 93%,
and negative predictive value was 80%.

The cold test was also the most informative for discrimination of
CAN staging and predictive of confirmed/severe CAN and tolerance
to orthostasis (sensitivity of marker was 100%, specificity of marker
was 77%, positive predictive value was 75%, negative predictive value
was 100%) (Table 4).

Thus the positive cold test result demonstrated high sensitivity, but
relatively low specificity for prognosis of advanced stages of CAN.
This finding emphasize that in the cases of positive cold test result the
risk of confirmed/severe CAN is sufficiently high, but not obligatory.
However in the cases of the negative test (kept vasoconstriction),
there is a strong evidence to suggest that the patients has no severe
autonomic dysfunction.

Thus we suggested performing especially cold test for diagnosis
of confirmed/severe CAN in patients with diabetic sensorimotor
neuropathy.

Discussion and Conclusions

CAN, widespread microvascular complication of DM, occurs,
according to different authors, among 20-50% of the patients that
depends on methods of diagnosis [4,6,9,10]. CAN is difficult to
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Graphic 1: The patient A. Microcirculatory blood flow of skin at the baseline. Its parameters are in the normal range.

Graphic 2: The patient A. Reaction of the microcirculatory blood flow on occlusive (cuff) test. Nonadequate increasing of microcirculatory blood
flow on occlusive (cuff) test. Positive (pathologically changed) reaction of blood flow.

Graphic 3: The patient A. There is no decreasing of microcirculatory blood flow on cold stimulus. Positive (pathologically changed) reaction of blood
flow.
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Figure 1: The percent of the patients with positive results of occlusive
and cold tests among the CAN 1 and CAN 2-3 study groups.

diagnose at onset. Many diabetic patients remain asymptomatic
during the long incubation period, and symptoms when they occur
are often not related to damage severity. The groups of high risk CAN
patients include all patients with other microvascular complications
of DM, particularly with sensorimotor neuropathy. Selection of early
and confirmed/severe CAN has crucial significance. Since functional
changes are reversible and respond to therapeutic treatment whereas
the patients with confirmed, especially severe neuropathy have a
high risk of severe complications and are required careful medical
observation [4,6,9,10]. Thus the present study provides the number of
important observation.

First, our data confirms the fact that all of diabetic patients with
sensorimotor neuropathy are suffered from CAN. Moreover the
definite/confirmed and severe/advanced stages of CAN are diagnosed
more than in 40% subjects. However clinical symptoms of this diabetic
complication are presented in less than 20% cases.

Secondly, present data failed to show any differences in demographic
and metabolic parameters between patients with early or definite/
confirmed CAN. This further emphasizes the previous findings that
number of parameters could not be suggested to determine the CAN
stages [3,4,6]. Nevertheless the severe sensorimotor neuropathy and
presence of diabetic macrovascular complications such as arterial
hypertension and ischemic heart disease may be helpful for prognosis
of confirmed/severe CAN.

Thirdly, most important findings were obtained regarding CAN and
microvascular impairments. Although the definitive pathophysiology
of CAN remains elusive, accumulating evidence indicates the
source of a variety of diabetic complications is microvascular lesion.
Microvascular dysfunction (pathology) is central to the development
of neuropathy. In addition, both sensory and autonomic neuropathies
are proposed to contribute to a reduction in functional capacity
of the microvasculature [15,16,29]. The increasing evidence of
the contribution of microvascular dysfunction to neurological
complications supports a role for assessments microvascular function
in clinical practice to assist in determining these patients at risk.

The recent development of noninvasive techniques such as HFUD,
that can reliably quantity blood flow in the skin microcirculation,
has made it possible to study changes in microvascular function in
patients with diabetes [18-20].

Notably some studies provide evidences that resting dermal
microvascular perfusion is apparently not affected in diabetes and the
functionality of the microvessels may be a more sensitive indicator of
complications [17,30].

In the contrast with these data our findings shows decreasing of
baseline blood flow in diabetic patients progressively with the CAN
stages. Thus with each stage of CAN with higher number the Vam
of microvascular blood flow were lower. The main reason that may
explain this discrepancy is including only patients with sensorimotor
neuropathy in the present study. Previous studies demonstrated that
microvascular diminished progressively from patients with pre-
diabetes to diabetic sensorimotor neuropathy and foot complications
[15,16].

The method for the assessment of microvascular function and
the site of measurement vary largely according to the aspect of
microvascular regulation to be investigated and different stimuli are
used to determine microvascular response/reactivity [17,30].

Thus the icy water immersion of the contralateral arm (the cold trial)
tests influence of peripheral or autonomic neuropathy (sympathetic-
driven vasoconstriction). Dual sympathetic innervation of the skin
(vasoconstrictor as well as vasodilator nerves) was first demonstrated
in the 1930s. The cold immersion of the contralateral arm causes
reflex activation of sympathetic vasoconstrictor nerves, resulting
in cutaneous vasoconstriction and decreases in skin blood flow of
examined hand. Furthermore sympathetic active vasodilator nerves
activated after cold exposure are responsible for most of substantial
vasodilation that occur [15,17,30].

The present data suggest good diagnostic efficiency of results of cold
test for discrimination of definite/confirmed CAN among diabetic
patients with sensorimotor neuropathy. Thus the high sensitivity of the
method (100%) allows excluding the subjects with early CAN in cases
of positive result of probe. It can be explained by the fact that in cases
of confirmed/severe CAN there are always impairment of peripheral
vascular innervation and without this impairment severe CAN does
not develop.

The following test-occlusive (cuff) one in general reflected
microvascular regulation as function of endothelium, neurovascular
function and influence of autonomic neuropathy [23-26]. Notably in
the present study this method demonstrate lower diagnostic efficiency
for prognosis of definite/confirmed CAN in compared with cold test
(specificity and sensitivity 66% and 61% respectively). This evidence
emphasizes the fact that occlusive (cuff) test results depend on
different factors and couldn’t be suggested for determination of CAN.

Thus we proposed to perform cold test as high informative for
discrimination of CAN staging and selection of the early CAN (100%
specificity) in the cases of negative tests result and diagnosis of the
severe CAN for patients with its positive results (sensitivity 77%).

There were some limitations in our study. This study was a cross-
sectional study and the sample size was small. In addition, long-term
follow-up observation is lacking. A prospective study with a large
sample size including patients not only with sensorimotor neuropathy
other groups of patients (diabetic patients without sensorimotor
polyneuropathy, patients with prediabetes, metabolic syndrome,
obesity) is needed to investigate an association between the HFUD
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microvascular blood flow parameters and CAN progression, and
confirm the advantages of the method for CAN screening.

Our study therefore does not explain the exact mechanisms
underlying the reactivity. There are several external and internal
factors which may influence the results. This includes measurement
technique and pharmacological agents including antihypertensives
and drugs for dyslipidemia or insulin which were not excluded from
this study as they are in widespread use in the target populations.

There are a range of variables that may be assessed within the
functional test measurement. In order to limit the number of variables
in the analysis we combined several parameters as qualitative variable
(positive or negative test result). It is possible that other variables
(area under the curve during and post test application, magnitude of
the peak, time to maximum decreasing or increasing) may provide
additional information relating microvascular function and CAN.

However it does not affect the validity of the conclusions regarding
the high diagnostic efficiency of cold test by the method of HFUD for
discrimination of CAN and prognosis definite/confirmed CAN in
diabetic patients with sensorimotor neuropathy.

Summary, our findings suggest that functional test with cold
implication provides additional information about presence and stage
of CAN in diabetic patients with sensorimotor neuropathy and may be
helpful for screening of CAN.
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