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Detection of skin alterations in mild-to-moderate
chronic venous disease using non-invasive
techniques

Background: Chronic venous disease (CVD) is secondary to venous
hypertension, leading to vascular inflammation and tissue changes. The
impact of CVD on skin structure and barrier function is not well char-
acterized. Objective: We aimed to assess the characteristics of skin
alterations in mild-to-moderate CVD by non-invasive techniques based
on a prospective exploratory study. Material & Methods: Female subjects
(30-75 years) with CVD (Stage C2 to C4, CEAP classification) were eli-
gible. Stage CO-C1 CVD subjects were used as controls. Women with leg
surgery or a medical history that could impact the results were excluded.
The skin changes on lesional (LS) and non-lesional (NLS) areas were
assessed by biometric analysis including skin echography, viscoelasticity
evaluation, confocal microscopy and trans epidermal water loss (TEWL)
measurements. Results: Thirty-four subjects were enrolled. Based on
computation of 26 biometric parameters using Principal Component
Analysis, a significant difference between LS and NLS zones, regardless
of the CEAP class, was evidenced. C2-C4 subjects presented with dermal
thickening suggesting oedema associated with decreased cell density,
while no difference in skin viscoelasticity was observed compared to the
CO0-C1 control group. Epidermal structural modifications were associ-
ated with increased TEWL correlating with CVD severity. Conclusion:
Skin alterations in CVD patients are detectable by non-invasive methods.
These findings may help to better assess new therapeutic strategies.

Key words: mild-to-moderate chronic venous disease, non-invasive
methods, skin barrier function, TEWL

frequent diseases worldwide (with a prevalence of

5 to 65% depending on the population) [1], affect-
ing 40-60% of females and 15-30% of males [2, 3]. It is
associated with a high socio-economic burden and a signif-
icant impact on the quality of life of patients. CVD affects
the lower limbs, ultimately leading to chronic venous insuf-
ficiency associated with skin changes, in which melanin
and haemosiderin deposition participate in the different
developmental phases [4]. Based on a meta-analysis of
data from patients with mild CVD, in approximately 4%
of patients, the disease worsens each year, representing an
implicit problem for countries with an increasingly ageing
population [5, 6].
The pathogenesis of CVD is not yet fully understood.
Venous reflux is mainly based on venous valve incom-
petence and venous hypertension, leading to vascular
inflammation and tissue changes [7, 8]. So far, the impact of
CVD vascular inflammation on skin changes has not been
well characterized. Although the clinical manifestations of

C hronic venous disease (CVD) is one of the most
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the pathology have been well defined by the Clinical, Eti-
ologic, Anatomic, Pathophysiologic (CEAP) classification
(No visible or palpable signs: Stage CO; telangiectasias,
reticular veins: Stage Cl; varicose veins: Stage C2; leg
oedema: Stage C3; hyperpigmentation, eczema, lipoder-
matosclerosis: Stage C4; skin ulcer: Stages C5-C6) [1],
there is little available information on the epidermal and
dermal alterations in affected patients.

Histologically, skin abnormalities have been detected at
early stages of CVD (Stage C2-C3), such as abnormal col-
lagen deposition and thinning of the epidermis [9, 10].
Interestingly, the synthesis of type I and III collagen
is dysregulated in dermal fibroblasts derived from Stage
C2 patients, and this dysregulation is comparable to that
observed in smooth muscle cells derived from varicose
veins [10]. However, the functional consequences of these
findings on skin viscoelasticity and biomechanical prop-
erties have not been assessed. CVD patients may also
exhibit a compromised epidermal barrier function, assessed
by significantly higher transepidermal water loss (TEWL),
regardless of the CEAP stage [11]. In addition, a cutaneous
down-regulation of some structural genes of the epider-
mis, including keratin 10 and 14, is detectable in Stage C4
patients [12].
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Finally, regarding first-line CVD treatment, clinicians
currently suggest medical compression therapy, which
has a positive effect on the symptoms of the pathol-
ogy. However, the reported skin dryness and consecutive
symptoms, such as itching, lead to reduced comfort and
unsatisfactory compliance despite an improved quality
of life [13].

To resume, some epidermal and dermal changes may occur
during the CVD course suggesting a skin alteration, but a
systematic analysis of skin parameters according to CDV
severity is lacking.

In this non-invasive study, we aimed to characterize skin
changes in the early stages of CVD, before the formation of
chronic ulcers, i.e. in Stages C2 to C4. This work describes
skin alterations at baseline according to the severity of
CVD, using biometric methods.

Material and methods

This prospective, multicentre, exploratory study was
designed to describe skin barrier function in early stages
of CVD. Different parameters were studied: a lesional area
near the lateral malleolus (lesional skin [LS]) compared to a
non-lesional area located 5 cm under the knee (non-lesional
skin [NLS]) (figure I). All evaluations were performed in
the same day.

The study was conducted according to the ethical principles
of the latest revision of the Declaration of Helsinki and the
guidelines for Good Clinical Practice. The ethics committee
(CPP Est III - France) approved the protocol in June 2017.
The duration of this study was from October 2017 to July
2018.

Population

Female subjects aged 30 to 75 years with a skin Photo-
type I to IV, according to the Fitzpatrick’s scale, were
eligible. A diagnosis of CVD (Stage CO to C4 according
to CEAP classification [1]) was required, confirmed by
a doppler ultrasound examination less than eight months
before inclusion (for C2, C3 and C4). Key exclusion criteria
were: pregnant or breastfeeding women, surgical interven-
tions of the leg or veins at the area of study, arteriopathy
and/or lower limb lymphoedema, leg dermatosis, a medical

Non Lesional Skin (NLS)

Lesional Skin (LS)

Figure 1. Definition of study zones.

history of lower limb thromboembolic diseases or radia-
tion therapy on the area of study. Wearing compression
stockings, moisturizer application or waxing/shaving of the
legs 48 hours before inclusion were not allowed. Subjects
with prolonged sun exposition on study areas within six
weeks before inclusion were excluded. Subjects treated by
topical and systemic corticosteroids or hormonal therapy
within four weeks before inclusion were also excluded.
Written informed consent was obtained before any proce-
dure. CEAP class was confirmed at inclusion by a clinical
examination.

Quality of life (QoL) based on the CIVIQ-20
questionnaire

The 20-item questionnaire assesses the impact of the dis-
ease on daily life as well as the QoL of patients with
CVD. Providing a global index and an outline of four
QoL dimensions -“pain” (four items), “physical” (four
items), “psychological” (nine items), and “social” (three
items)- the questionnaire was initially developed in French
(CIVIQ-20) [14]. Items on the CIVIQ-20 scale are scored
from 1 to 5. A low score corresponds to greater patient
comfort.

Non-invasive biometric evaluation

The 26 biometric variables based on confocal microscopy,
high-resolution ultrasound (HRUS), cutometer skin vis-
coelasticity and trans epidermal water loss are presented
in table 1.

Confocal microscopy and high-resolution ultrasound
(HRUS)

Imaging was performed using Vivascope 3000™ for in vivo
confocal microscopy [15, 16] and DUB®SkinScanner75
for the HRUS [17, 18].

Confocal microscopy is a non-invasive technique that
enables the identification of cells and tissues (e.g.
keratinocytes in the epidermis, papillary dermis, efc.)
with nearly histological resolution. Parameters measured
were: (1) stratum corneum, stratum granulosum, stratum
spinosum and epidermal thickness (wm); (ii) cell density
(keratinocytes/mm3) in the stratum granulosum, stratum
spinosum and epidermis; and (iii) dermal papilla height
(pm).

HRUS echography enables skin thickness and dermal den-
sity to be measured [10].

In the two designated areas per patient, three series of mea-
surements were performed with both devices in each area,
and analyses were performed with the appropriate software;

Confoscan™ and Echoscan™, respectively.

Skin viscoelasticity

Skin elasticity was evaluated with a Cutometer® (MPA
580, Courage and Khazaka GmbH, Germany), an electronic
instrument to assess the skin’s elastic and biomechanical
properties using suction and elongation [19, 20]. The device
generates negative pressure (450 mbar), which causes the
test area to be drawn into a probe’s aperture. The depth
of penetration of the skin into the aperture is determined
using a non-contact, optical measuring system. The resis-
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Table 1. The 26 biometric variables studied.

Instrument / variables
measured

Definition and/or unit

Tewameter® Transepidermal water loss (g/m>/h)
TEWL
Cutometer® Skin elasticity

RO - Maximum
deformation of skin

This parameter represents the passive behaviour of the skin in response to force (total viscoelastic
deviation)

R1 - Firmness

The ability of the skin to return to its original state

R2 - Gross elasticity

Ratio that includes the viscous changes of the skin for both deformation and retraction. Includes
effects of both elasticity of the skin’s solid components (elastic fibres, efc.) and viscosity due to the
liquid content of the skin. The higher the value the more elastic the curve

R3 Maximum amplitude of the last suction curve after repeated suction. “Tiring effects” of the skin are
visible, as the amplitude increases with each new suction
R4 Last minimum amplitude compared to the first curve, “tiring effects” of the skin are visible, as the

ability of redeformation decreases with each new suction

R5 - Net elasticity

Ratio that excludes viscous changes, focusing the measure on the solid components of the skin. The
higher the value, the more elastic the skin

R6

The portion of viscoelasticity on the elastic part of the curve. The smaller the value, the higher the
distensibility of the elastin fibres

R7 - Biological
elasticity

Portion of the elasticity compared to the complete curve; the higher the value, the more elastic the skin

R8 - Tonicity

Skin recovery; the closer the value to RO, the greater the ability of the skin to return to its original state

R9 - Skin tiredness

Tiring effects of the skin after repeated suction and release of the skin. The smaller the R9, the smaller
the tiring effects (strain)

FO — Elasticity
F1 - Elasticity

These areas are deducted from the total area of the curve. A completely elastic material will show no
area at all; the closer the value to 0, the more elastic the material

Confocal microscopy

Skin thickness and cell density

cell density

Epidermal thickness wm

Stratum corneum pwm

thickness

Stratum granulosum pwm

thickness

Stratum spinosum wm

thickness

Stratum granulosum cell keratinocytes/mm?>
density

Stratum spinosum cell keratinocytes/mm?
density

Epidermal cell density keratinocytes/mm?
Dermal papilla height pm

Epidermal pigmentation Cells/mm?®

density

Echography Skin thickness and dermal density
Dermal thickness pwm

Total dermal density au

Deep dermal density au

Superficial dermal au

au: arbitrary unit.

tance of the skin to the negative pressure (firmness) and  Measurements were repeated three times (suction time:
its ability to return to its original position (elasticity) are 2 seconds; relaxation time: 2 seconds). Results were
displayed as curves (penetration depth in mm/time) in real ~ expressed as the mean of three measurement cycles. One
time during the measurement. From these curves, a variety ~ series of measurements was performed for each device and
of interesting measurement parameters related toelasticand ~ in each area.

viscoelastic properties of skin surface can be calculated: R-

and F- parameters. Definitions are provided in table 1.

EJD, vol. 30, n° 5, September-October 2020



Measurement of TEWL

The TEWL was measured using a Tewameter® (TM300,
Courage and Khazaka GmbH, Germany) by applying the
measuring probe directly onto the skin in the two designated
areas of subjects [21, 22]. The measurements, expressed as
g/m?/h, were taken at room temperature (between 22 and
26°C) with a humidity range from 20 to 40%.

Statistical analysis

One-way ANOVA followed by a post-hoc test of Tuckey
were performed for the TEWL, Cutometer analysis, con-
focal microscopy and echography parameters in order to
compare CEAP classes. The Kruskal-Wallis test followed
by the post-hoc Nemenyi test were used as an alternative
when the conditions of ANOVA were not met. Pearson
correlation between LS to NLS TEWL ratio and age was
assessed. A reduced-centred principal component analy-
sis (PCA) was performed on the 26 biometric variables
issued from the Tewameter®, Cutometer®, echography and
microscopy. Subjects were then grouped by CEAP classes
and/or zones, in order to highlight potential differences in
biometric signatures.

The results were analysed with R software for Windows
(Version 3.5.2.). Statistical significance was defined as p
<0.05.

Results

In this nine-month-long study, we enrolled 34 female sub-
jects aged between 37 to 72 years (mean: 56.1£9.8 years)
suffering from mild-to-moderate CVD. According to CEAP
classification, 10 patients were categorized as CO-C1 (con-
trol group), 10 as C2 (symptomatic varicose veins), eight
as C3 (oedema without skin lesions) and six as C4 (severe
cases of skin lesions excluding ulcers). The mean age of
the patients was similar in the four CVD subsets. The main
co-morbidities were thyroid disorders, anxiety/depression
and arterial hypertension, predominantly in Stage C4. The
quality of life questionnaire was completed by the 34 sub-
jects. No main differences in answers to the QoL items
was observed between the CVD subsets, apart from four
of the 20 items: one in the “physical” dimension, one in
the “social” dimension and two in the “psychological”
dimension with significantly higher scores in the C4 class
compared to other classes, demonstrating a more altered
quality of life in this class (table 2).

There was no failure in screening, and no subject withdrew
consent.

Non-invasive parameters discriminate between
LS and NLS and categorize CEAP classes of
mild-to-moderate CVD in LS

In this study, we used four non-invasive techniques
(Tewameter®, Cutometer®, US HR echography and con-
focal microscopy) to characterize the LS and NLS of CVD.
First, we analysed the results using principal component
analysis (PCA) of the 26 biometric variables issued from the
Cutometer® and echography data from the LS and NLS of
the 34 patients (figure 2). PCA is an unsupervised clustering

method, which groups similar entities together. Figure 2A
shows the direction and weight of the 12 main biometric
variables that form the structure of the two axes of the PCA.
The x horizontal axis was mainly structured by viscoelas-
ticity parameters measured by Cutometer®, i.e. RO to R9
factors (see table I for details), while the y vertical axis
grouped parameters associated with dermal density mea-
sured by echography. In figure 2B-D, each dot represents a
non-invasive value (pooled biomechanical and ultrasound
measurements) in the LS and NLS for a given patient. There
are 68 dots in each panel corresponding to the LS and NLS
value in the 34 patients.

Analysis of the PCA results showed:

(i) A clear discrimination between LS and NLS, since the
data obtained from the two skin sites were clearly separated
on the x (but not on the y) axis (figure 2C). NLS was mostly
associated with the RO, R2, R3, R5, R7 and R8 values while
LS wasrelated to R1,R4 and R6 values (figure 2A, C). These
data confirm that the physical and biomechanical properties
of LS are altered at all stages of CVD

(i) A mild discrimination between the CEAP classes for
LS but not NLS samples (figure 2D) since the C1, C2 and C3
classes were spread out along the y axis, structured mainly
by parameters related to dermal density (superficial, total
and deep dermal density). This suggests that dermal density
inversely correlated with increased CVD severity.

(iii) No discrimination between the four CEAP classes
(figure 2B) when LS and NLS values were pooled.

Parameters measured using each technique also provided
important information which is presented below.

Alteration of dermal structure and
biomechanical properties in mild-to-moderate
CVD

Next, we analysed the structure of the dermis by measuring
the dermal thickness and density by HRUS (figure 3A).
While no difference of dermal thickness was seen between
the different CVD stages in NLS (p=0.395), a signifi-
cant difference was found in LS (p=0.019) (figure 3B).
Indeed, an increased dermal thickness was observed in the
LS of C3 (mean: 1,338+132 pwm) and C4 stages (mean
1,317£128 pm), compared to the CO-C1 control group
(mean: 1,0854228 pwm) (p=0.023 and 0.069, respectively).
Concerning dermal density, we observed a slight, but not
significant, decrease in density of the whole dermis, repre-
sented as a decrease in the LS/NLS ratio, in the C3 (mean:
0.91£0.24) and C4 (mean: 0.99+£0.35) stages, compared to
the control group (mean: 1.271+0.41) (figure 3C). Similar
data were obtained when the superficial and deep dermis
were analysed separately, with a decreased density in the
C3 and C4 stages compared to control group, but without
statistically significant difference (figure 3D, E).

Finally, we analysed the skin viscoelasticity properties
using the Cutometer® which provides nine biomechanical
values for each skin site (RO-R9). As expected, the level of
skin gross elasticity (R2), firmness (R1) and tonicity (R8)
was lower in LS than NLS (LS/NLS ratio <1) (figure 3F),
but surprisingly, we did not observe any significant change
in the other parameters (data not shown). More intriguingly,
the values of the nine parameters (including R1, R2 and R8)
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Table 2. Clinical data and QoL according to CEAP classification.

CEAP groups
Parameters Co0-C1 C2 C3 C4 Total
Patient number n (%) 10 (29%) 10 (29%) 8 (24%) 6 (18%) 34
Age mean + SD (years) 57.0£10.4 55.8+£9.0 53.6+11.3 58.5+10.1 56.1+9.8
Co-morbidities n (%)
Thyroid disorders 1 (10.0%) 3 (30.0%) 1(12.5%) 5(83.3%) 10 (29.4%)
Gastritis 1 1 0 1 3
Anxiety/depression 0 1 0 0 1
Arterial hypertension 0 0 0 2 2
Spinal disc herniation 0 0 0 1 1
QoL by CIVIQ-20 mean score p value
(SD)
Pain
Pain in the leg 2.6 (0.84) 2.5(0.97) 2.00 (1.07) 3.00 (0.89) 0.28 (ANOVA)
Impairment at work 2.7 (0.82) 2.5 (0.85) 2.25(1.16) 3.50(1.38) 0.34 (KW)
Sleeping poorly 2.6 (0.70) 2.4 (1.26) 1.75 (0.89) 2.67 (1.21) 0.267 (KW)
Standing for long periods of 3.0 (0.67) 2.8 (0.92) 2.50 (1.51) 3.67 (0.52) 0.186 (ANOVA)
time
Physical
Climbing several floors 2.0 (1.15) 1.9 (0.88) 1.75 (1.16) 3.17 (1.17) 0.124 (KW)
Squatting/kneeling 2.4 (1.35) 2.2 (1.03) 1.75 (0.89) 3.67 (1.03) 0.042 (KW)
Walking at a good pace 1.8 (0.92) 1.9 (0.99) 1.50 (0.93) 2.83 (0.98) 0.106 (KW)
Doing the housework 2.5(0.97) 2.1 (1.10) 2.62 (1.30) 3.33 (0.82) 0.193 (KW)
Psychological
Feeling nervous 1.9 (0.74) 1.9 (1.10) 1.75 (0.71) 2.17 (1.33) 0.954 (KW)
Having the impression of being 1.5 (0.71) 1.5 (0.85) 2.25 (1.58) 2.67 (1.37) 0.232 (KW)
a burden
Being embarrassed to show legs 2.3 (1.42) 2.4 (1.35) 3.38 (1.60) 4.67 (0.52) 0.015 (KW)
Becoming irritable easily 1.7 (0.82) 1.9 (1.10) 1.62 (0.74) 2.67 (1.03) 0.232 (KW)
Having the impression of being 1.2 (0.42) 1.3 (0.67) 1.75 (1.39) 3.17 (1.6) 0.016 (KW)
disabled
Having no desire to go out 1.9 (1.10) 1.5 (0.85) 1.75 (0.71) 2.33 (1.51) 0.618 (KW)
Having to take precautions 2.1 (1.10) 1.7 (0.95) 2.25 (1.75) 3.00 (1.26) 0.264 (KW)
Getting tired easily 2.6 (1.26) 2.1 (1.29) 2.88 (1.64) 3.33 (1.03) 0.293 (KW)
Difficulty in getting going 2.1 (1.37) 1.8 (0.63) 2.25(1.39) 3.00 (0.89) 0.164 (KW)
Social
Going to parties 2.5 (1.08) 2.1 (1.10) 2.25(1.39) 3.17 (1.33) 0.428 (KW)
Performing athletic activity 2.1 (1.10) 1.8 (0.79) 2.00 (1.07) 3.33 (1.21) 0.043 (ANOVA)
Traveling by car, plane, etc. 2.4 (0.84) 1.8 (0.92) 2.38 (1.41) 3.00 (1.55) 0.263 (ANOVA)

SD: standard deviation; QoL: Quality of Life; KW: Kruskal-Wallis.

(figure 3F) were stable in both LS and NLS throughout the
evolution of the disease, i.e. in the different CVD classes.

Decreased epidermal thickness and density in
mild-to-moderate CVD

Confocal microscopy was used to analyse the thickness
of the epidermis and of the different epidermal layers
(figure 4A). We first measured the thickness of the epi-
dermis and found no significant difference between the
different stages of CVD in LS and NLS, except in the
LS of C4 class showing a reduction in epidermal thick-
ness (57.56+7.74 pm) compared to the CO-C1 control
group (70.15£15.5 pwm) (figure 4B). Next, we analysed
the thickness of each epidermal layer and observed: (i) a
decrease in the thickness of the stratum spinosum (SS) in
LS of Stage C4 (31.57£9.78 pm) compared to the con-
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trol group (45.74£13.02 pm) (p=0.074) (figure 4C); (ii)
an increased thickness of the stratum granulosum (SG) in
LS of C2 (14.16+4.67 pm), C3 (13.73£3.07 pm) and C4
(14.2943.14 pm) stages compared to CO-C1 control group
(10.1243.58 wm) (figure 4D); and (iii) no difference in the
stratum corneum thickness between the different classes
(figure 4E). Of note, it was not possible to analyse the stra-
tum basale, which follows the superficial dermis structure
and is non-linear. In summary, the decrease in epidermal
thickness observed in Stage C4 of LS could be mainly
attributed to the SS. To verify that the modifications of
the epidermal thickness were not due to a flattening of the
papilla classically seen in severe CVD, the height of the
papilla was measured; no significant change was found,
irrespective of the CVD group (figure 4F).

Finally, we measured epidermal cell density in LS and NLS,
and the LS/NLS ratio. A significant decrease in cell density
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Figure 2. Parameters measured by non-invasive techniques allow to distinguish between LS and NLS using reduced-centred Prin-
cipal Component Analysis (PCA) (n=34 x 2 zones, characterized by 26 biometric variables based on Tewameter®, Cutometer®,
HRUS and confocal microscopy). A) Arrows indicate direction and weighing of vectors representing the 12/26 biometric vari-
ables that mainly structure the first two axes of PCA (only variables with absolute contribution superior to 5% for one of the two
axes are represented for clarity). B) Grouping of subjects by CEAP classes. C) Grouping of subjects by zone. D) Grouping of

subjects by CEAP class-zone combination.

was observed in Stage C3 and C4 LS epidermis (4,360+283
and 4,327+484 keratinocytes/mm?), compared to the con-
trol group (4,8724:366 keratinocytes/mm?) (p=0.037 and
p=01043, respectively) (for LS/NLS ratio, see figure 4G).
Analysis of the epidermal layers confirmed that the cell den-
sity reduction mostly concerned the SS. The LS/NLS ratio
was statistically different according to the CEAP classes
for the epidermal and SS cell density (p=0.009 and 0.023,
respectively), unlike for SG (figure 4G-I). Albeit non-
significant, a trend in cell density reduction was observed
in C3 and C4 stages compared to control group in each
epidermal layer. Collectively, these results showed that the
epidermis is thinner in CVD, due to a predominant cell den-
sity reduction of the SS, occurring preferentially in Stages
C3 and C4.

Functional changes in skin barrier (TEWL)

are related to CVD severity

TEWL measurement, the most validated method to deter-
mine a skin barrier alteration, was used to compare LS

versus NLS (figure 1) for the different CVD severity stages.
In LS, we observed a slight increase in TEWL in Stage C2

510w

(mean: 4.91+2.12 g/h/m?), C3 (mean: 4.6041.42 g/h/m?)
and C4 (mean: 5.5042.25 g/h/m?) compared to CO-C1
stages (mean: 3.92+1.55 g/h/mz) (figure 5A). In con-
trast, no significant TEWL increase was observed in
the NLS (figure 5B). Therefore, there was a clear area-
related effect, illustrated by the LS/NLS TEWL ratio
that tended to increase from the control to the C4 group
(mean: 0.74+£0.32 and 1.15£0.40, respectively) (p=0.093)
(figure 5C). No age-related effect on LS/NLS TEWL ratio
was observed (figure 5D). These results suggest a progres-
sive skin barrier defectrelated to CVD severity, independent
of age.

Discussion

The aim of the study was to non-invasively assess skin
modifications occurring in mild-to-moderate CVD. We
deciphered the exact changes due to CVD itself, know-
ing that skin changes are also reported under compressive
treatment. We have shown that: i) a CVD-affected skin zone
(lateral malleolus) may be differentiated from a control zone
(upper part of the leg) based on biometric parameters; and

EJD, vol. 30, n° 5, September-October 2020



Dermis Thickness
A B Anova, p = 0.019 Anova, p = 0.395
0.069 0.477
: 0.023 0.461
& | Epidermis 0.451 _0.542
- -
Dermis _ ' - iy - _ '
‘é 1400 : " R g 1400 - - |
—_ ' ' —— —_ ":_ _r ! v
§. :' E. M A M
S 1200 4 - 2 1200 . as
@ . . —_ @ .
.8 M g ¢ . B -
Hypodermis 5 ' . g >
.2 1000 . ' 2 1000+ - ah
< - = *w !
= = H -
E ogood | E so0
P —_— D —
a a
v
T T T T T T T T
Co-C1 C2 C3 C4 Co-C1 C2 Cc3 Cc4
Dermis density
C Anova, p =0.137 D Anova, p =0.157 E Anova, p = 0.061
0.446 0.48 0.194
0.164 0.186 0.075
20 0.96 0.983 ~ 0828
7 ™ - - - g 204 1
@ 184 : @ 18- | ! £ . ]
= o ! - R | z - -
z j ' Z ! ' = . i
S 164 | | @ 16 ! z . !
=2 : - 2 4= w % 1.5 . . v
z 144 | . . ' z |, ] : E1sq) -
£ 124 e £ 124 L ) = .. . -
3 . A = . I g 4 '
) . v - . M = p
g 109 L A g L0 L 4 Z 1.0 . 3 vy
: L : — LI 3 S
< 1.0 i ! A v S 1.0 ! ! A v ks M ' N
s 1 H 2 L : | s " ' v
3 Lo : = L £ oA .
g 08+ _‘L - g 08 _ _.AL A g2 . Aa -+
a = 0.6
w2
Viscoelasticity
F Firmness Gross elasticity Tonicity
1.5 p=0.056 L4~ p=0.056 Ly, - 0.15
p=0.088 -
1.2 ° 0.8 o °
£ 1.0 . A £ 2 LA m Al
N R .. Ny Z ° £0.64 o0 '.“ —— v
7] Hggm 7] ] 7] A
= u’#ﬁ A4 = = ° vy
25l o et Vo2 | %t ., M 2047 o " 4
- =08l et & A ~Syv =
081 "¢ ®mmt —5— V¥ 0.2
) A,A
.0 T T T T T T T T .6 T T T T
Co0-C1 C2 Cc3 C4 Co0-C1 C2 Cc3 C4 Co0-C1 C2 Cc3 C4

Figure 3. Dermal structure and skin biomechanical properties in mild-to-moderate CVD. A) Illustrative image of echography.
Red arrow indicates the dermis, immediately under the epidermis (yellow arrow), and the white arrow indicates the hypodermis
(fat layer and connective tissue). B-E) Black symbols represent individual data and horizontal black lines mean values. For each
CEAP class, the grey boxplots represent the lower quartile, median (bold line) and upper quartile. Whiskers represent either the
maximum value or 1.5 times the interquartile range, whichever is less. Dermal measurements are based on HRUS according to
CVD severity. B) Comparison of LS and NLS dermal thickness (pum). C-E) Comparison of LS/NLS ratio for total dermal density
(C), for deep dermal density (D) and superficial dermal density (E). F) Skin viscoelasticity measurements with Cutometer®
(ratio). Comparison of LS/NLS ratio according to CEAP groups for firmness (R1), gross elasticity (R2), and tonicity (R8).

ii) the skin structure is modified in CVD, with a dermal dis-
tension and epidermal thinning associated with an increased
TEWL. Taken together, and in accordance with the findings
of Metcalfe et al. [9], our results suggest the presence of a
dermal oedema, induced by fluid influx from venous ves-
sels, and an epidermal barrier defect in the early stages of
CVD.
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In summary, we have demonstrated that among the non-
invasive parameters measured, viscoelasticity and dermis
density (superficial, deep, total) are those that provided
the most significant contribution to CEAP correlation for
>Stage C2. Therefore, the Cutometer® and HRUS parame-
ters may be used to detect skin alterations, and in particular
tissue oedema, rather than the CEAP classification, which
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may be used for >Stage C3. This will obviously require
further prospective study.

Interestingly, the degree of skin barrier defect is the most
important parameter related to eczema, as reported in atopic
dermatitis or chronic hand eczema [23, 24]. As eczema is
an integral part of CVD-related symptoms, one may won-
der what the contribution of skin barrier alteration is in
the development of eczema in CVD pathology. There are
two main pathogenic hypotheses: the immune versus the
barrier hypothesis. In the immune hypothesis, the vascular
inflammation spreads into the skin, inducing the activation
of keratinocyte innate immunity, leading to skin inflam-
mation and eczema (“inside-out”). On the other hand, in
the barrier hypothesis, skin barrier disruption allows trans-
epidermal penetration of all molecules in contact with the
skin surface, including allergens, irritants, pollutants, chem-
icals, microorganisms, efc., leading to the activation of skin
immunity (“outside-in”). However, a combination of both
phenomena cannot be excluded.

Over the last decade, the microbiota has emerged as a
potential disruptive factor of skin barrier function and as
an inducer of skin inflammation. Indeed, if there is a link
between skin microbiota and atopic eczema, a direct role
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of the microbiota in the induction of eczema in moderate
CVD has not been demonstrated [25]. In the most severe
stages of CVD, Pseudomonas Aeruginosa may play arole in
defective wound healing, protected by a shield mechanism
(biofilm) against polynuclear neutrophils [26]. Moreover,
bacteria are likely to promote delayed healing by inflam-
matory processes [27]. Numerous studies showed that the
microbiota plays a key role in atopic dermatitis, specifically
involving Staphylococcus Aureus, which is significantly
more prevalent in the inflamed skin of patients [28, 29].
As the clinical features of atopic eczema (both inflamed
and dry skin) are similar to those of CVD eczema, more
precise investigations must be performed to understand the
role of the skin microbiota in CVD.

Here, biometric methods have provided important insight
into the structure and function of CVD skin in a non-
invasive way. Alternatively, transcriptomic analysis may
allow molecular features to be determined, however, this
requires tissue sampling. Many studies have investigated
gene expression in CVD, essentially related to vascular
inflammation, but few have focused on the dermis and
epidermis. Indeed, the evaluation of vessel inflammation
is usually performed using vein samples collected during



venous surgery procedures. The use of skin biopsies for
transcriptomic analysis is avoided due to their invasive
nature, largely due to the fear of wound healing compli-
cations in patients with CVD. However, altered expression
in genes that encode for structural factors, mediators of
inflammation, and apoptotic pathways in Stage C5 and C6
has been shown [30]. In addition, there are signs that ker-
atinocytes at the non-healing edges of venous ulcers attempt
to proliferate or differentiate, although this is not success-
ful [31]. More recently, the use of minimally invasive skin
tape strip RNA sequencing has led to the identification
of different atopic dermatitis disease endotypes [32]. Such
micro-invasive techniques may help in the future to identify
skin molecular biomarkers related to CVD.

Regarding therapeutic options in CVD, flavonoids have
been proposed [33], but currently clinicians suggest com-
pression therapy, which has a positive effect on the
symptoms of the pathology. Importantly, compression
therapy significantly decreases TEWL [34], suggesting
that its effect is both mechanical on the veins and anti-
inflammatory at the skin level. However, compression
stockings are known to be uncomfortable as they lead to skin
irritation and itching. A better understanding of the disease
and its causes and consequences on the skin may help to
find more appropriate, durable and comfortable treatments.
In conclusion, we conducted an extensive characteriza-
tion of skin modifications associated with mild-to-moderate
stages of CVD and were able to detect skin changes par-
alleling CVD severity. We demonstrate that the use of
non-invasive techniques can be used to adequately char-
acterize CVD disease. These biometric methods could
provide new insight for future therapeutic evaluation
of CVD patients, especially in the field of medical
devices. B
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