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NON-INVASIVE
ASSESSMENT OF VASCULAR
CIRCULATION AND METABOLIC
REGULATION BASED
ON FLOW MEDIATED
SKIN FLUORESCENCE
(FMSF)

An innovative medical device with unique
potential for non-invasive diagnosis and
monitoring of vascular circulation disorders,
metabolic regulation, and vascular complications
in diabetes patients.

AngioExpert uses the FMSF (Flow Mediated Skin Fluorescence) technique, based on measuring changes in the
intensity of NADH fluorescence in the skin of the forearm as a function of time.

AngioExpert offers unique diagnostic potential unavailable with other techniques.

AngioExpert offers the FMSF-PORH (Flow Mediated Skin Fluorescence-Post Occlusive Reactive Hyperemia)
diagnostic test.

FMSF-PORH test is based on analysis of ischemic and hyperemic responses and microcirculatory oscillations.
The test enables non-invasive assessment of vascular circulation and/or metabolic regulation. It measures
stimulation of the circulation in response to reactive hyperemia. An occlusion cuff, commonly used to measure
blood pressure, is used to induce reactive hyperemia (PORH). The test enables assessment of both
vasoconstriction and vasodilation. The kinetics of changes in response to reactive hyperemia can also be
monitored.

The FMSF techniqueis protected by patents covering the world’'s major markets (EU, US, CA, CN, JP, AU, RU).

In 2021, the AngioExpert device was awarded the main prize in the ‘Product °
of the Future by an Entrepreneur’ category in the XXlll edition of the ‘Polish
Product of the Future’ competition.
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FMSF-PORH TEST:
ANALYSIS OF ISCHEMIC AND HYPEREMIC RESPONSES

In the FMSF method, measurements of NADH fluorescence intensity emitted from the epidermis of the forearm
as a function of time are recorded in the form of a characteristic curve. The ischemic part of the curve shows the
response to the occlusion of the brachial artery. The hyperemic part shows the response to the release of blood
flow in the artery. The shape of the NADH fluorescence signal and the determined parameters are unique and
sensitive markers for cardiovascularrisk assessment.

The RHR (Reactive Hyperemia Response) para-
meter characterizes the ischemic and hyperemic
responses. It reflects vascular endothelial function
related to nitric oxide (NO) production in blood
vessels, due to occlusion-induced hyperemia.

The following ranges in the RHR parameter are
distinguished:

25% <RHR < 35%

Low RHR values (<25%) indicate a significant risk of
vascular circulatory disorders.
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Fig. 1. Exemplary FMSF trace recorded for a triathlete (man, 40 y);

definition of the RHR parameter.
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Fig. 2. Statistical differentiation (a) and distribution of the RHR parameter (b) in groups A, B, and C: A - highly trained athletes, n = 50,
mean age 22.5 (16-35 y); B - healthy middle-aged individuals, n = 32, mean age 38.5 (30-50 y); C - diabetes type 2 patients, n = 70,
mean age 63.1(45-80 y).

Diagnostic potential of the RHR parameter:
+ assessing dysfunction of the vascular circulation, especially the macrocirculation
+ predicting the risk of developing cardiovascular diseases often comorbid with diabetes mellitus



FMSF-PORH TEST:

ANALYSIS OF MICROCIRCULATORY OSCILLATIONS

Oscillations in the microcirculation, known as flowmotion (FM), are a well-recognized characteristic of cutaneous
blood flow. The amplitude and frequency of flowmotion reflect the efficiency and regularity of the cutaneous

microvascular flow.

The FMSF signal has two characteristic fragments, visible as microvascular oscillations at the baseline and
during the reperfusion stage, which are used to assess oscillatory power at rest (FM) and after occlusion (FM(R)).
These parameters have been found to be impaired in patients with various diseases and dysfunctions, including
diabetes, cardiovascular diseases, and hypertension, as well as in patients who are physically exhausted for

variousreasons.

NOI (Normoxia Oscillatory Index) is a quantitative
measure of the intensity of microcirculatory
oscillations at the baseline. It represents the
proportion of endothelial (<0.021 Hz) and neurogenic
(0.021-0.052 Hz) oscillations relative to all oscillations
detectedin thelow-frequency range (<0.15 Hz).

The limit value for the NOI parameter indicating the
occurrence of a stress factor (emotional, physical, or
post-infection stress)is:

NOI < 60%

Chronically low NOI, indicating a disturbance in the
resting microvascular flow, can lead to the
development of vascular circulatory disorders.

Diagnostic potential of the NOI parameter:

- assessing fatigue due to stress from various
sources

« monitoring microcirculation in the recovery
and rehabilitation process
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The log(HS) parameter (HS - Hypoxia Sensitivity) is
a quantitative measure of the intensity of micro-
circulatory oscillations at the reperfusion line.
It characterizes sensitivity to hypoxia by measuring
myogenic microcirculatory oscillations with
frequencies in the range of 0.052-0.15 Hz stimulated
by hypoxia.

Four ranges of log(HS)/ HS values have been
distinguished, characterizing different levels of
microcirculatory response to hypoxia (very low, low,
medium, high):

30 < HS <100 1.5 <log(HS)< 2

moderate

10<HS <30 1< log(HS) <1.5

HS< 10 log(HS) <1

very low

The log(HS) parameter depends on blood pressure and
ishighestat very low pressure values.

Diagnostic potential of the HS parameter:

- assessing microcirculatory dysfunction in diabetes,
cardiovascular disease, peripheral arterial disease,
and hypertension

predicting healing in difficult-to-heal wounds
(including diabetic foot ulcers)

assessing microcirculatory status to determine
exercise tolerance in healthy and non-healthy
people

Fig. 3. Distribution of the HS parameter in groups A, B, and C:
A - highly trained athletes, n = 33, mean age 22.5 (16-35 y;, B - healthy
middle-aged individuals, n = 35 mean age 385 (30-50 vy);
C - diabetes type 2 patients, n = 72, mean age 62.7(50-80 y).



SUMMARY

The FMSF technique is an optimal tool for
characterizing the macro- and microcirculation
status in a wide range of populations, from healthy
physically active people to patients suffering from
serious health problems related to vascular
dysfunction.

Assessment of the vascular state using the FMSF
technique is based on three parameters: RHR,
log(HS). and NOI.

The clinical data show that the risk of vascular
complications is limited among people whose RHR
and log(HS) parameters are not significantly below
the mean values determined by the FMSF technique,
especially if they simultaneously meet the following
condition:

RHR > 30% and log(HS) > 1.5 (HS > 30)
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