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Abstract

Introduction: Systemic sclerosis (SSc) is a multisystemic disease with an extensive microvasculopathy. The gold
standard for its investigation is nailfold videocapillaroscopy (NVC).

Aim: To assess the value of thermography (IRT) for the assessment of microvasculopathy in patients with SSc.
Material and methods: Nineteen patients with limited cutaneous SSc were enrolled in the study. They underwent
IRT imaging and NVC. An average temperature (Tavg) at the nailfold and a gradient of temperatures (ATavg) be-
tween the central metacarpus of the hand and the nailfold was determined for all fingers. NVC pictures were classi-
fied to capillaroscopic patterns according to Cutolo et al. system and they were analysed quantitatively to measure
the density of capillaries and to calculate capillaroscopic skin ulcers risk index (CSURI) for each finger separately.
Results: There was only a moderate correlation (0.4 < r < 0.6) between thermographic parameters and density of
capillaries in fingers [I-V (r = 0.5; p < 0.001 for Tavg and r = —=0.45; p < 0.001 for ATavg), but none in thumbs (r =
0.29; p = 0.089 for Tavg and r = -0.19; p = 0.275 for ATavg). Early pattern was associated with a significantly greater
surface temperature (Tavg) of nailfolds and essentially milder ATavg in fingers Il-V when compared to all other
capillaroscopic patterns in fingers I1-V. Surface temperature (Tavg) was significantly lower and ATavg was mark-
edly more pronounced in fingers II-V with a greater risk of development of digital ulcers (DU) calculated by CSURI.
Conclusions: Although IRT measurements correlate only moderately with density of capillaries, this technique
seems to be substantial to determine the capillaroscopic pattern and to identify patients at greater risk of DU

development.
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Introduction

Systemic sclerosis (SSc) is a multisystemic disease
with an extensive microvasculopathy, the first manifes-
tation of which is Raynaud’s phenomenon (RP). This is
an abnormal response of the microcirculation to cold ex-
posure or emotional events, what causes a sudden isch-
emia in acral areas of the body [1]. The classic response
is triphasic and it is easy to be observed in fingers. A sud-
den onset of ischemia makes the digits turn white and
then blue with their concomitant cooling. While re-warm-
ing, there are a rapid reperfusion and a redness of the
skin with a frequent feeling of pain in fingers [2]. Struc-
tural abnormalities of microvessels impair blood supply
to fingers, causing their cooling and blueish colour, also
between the subsequent attacks of RP [1]. Insufficient

blood supply delays the healing process of the skin what
may contribute to the development of digital tip ulcers
(DU) in some of SSc patients [3].

Nailfold videocapillaroscopy (NVC) evaluates the
shape and distribution of microvessels at the nailfolds
and it is the gold standard for the investigation of micro-
vasculopathy in SSc [4]. Microvasculopathy secondary to
SScis known to start from an enlargement of vascular
loops with a subsequent development of megacapillaries.
Those abnormal vessels disrupt easily, therefore leading
to a loss of blood vessels [5]. The next stages in the de-
velopment of structural abnormalities seen in SSc were
classified into capillaroscopic patterns (early, active, late)
by Cutolo et al. [6]. A change of capillaroscopic pattern
over time allows for a prediction of disease progression
[7, 8] or an assessment of a response to treatment [9, 10].
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A shift from an early to active or late pattern is associ-
ated with the loss of capillaries. A quantitative analysis of
vascular loops was postulated to be helpful in a predic-
tion of DU development [11, 12]. Previously, Sebastiani et
al. proposed capillaroscopic skin ulcers risk index (CSURI),
which predicts DU development within 3 months [13, 14].

Infrared thermography (IRT) is an imaging technique
which allows for an indirect assessment of blood flow by
measuring the surface temperature of the skin [15]. IRT was
shown to be a great imaging tool for the diagnosis of RP
[16-19], the distinction between primary and secondary RP
[20, 21] and an evaluation of a response to treatment [22,
23]. Thermographic parameters were also demonstrated to
be useful for the prediction of DU development [24] or differ-
entiation between infection and clear ischemic background
of DU [25]. Studies which investigate correlations between
thermographic parameters and vascular abnormalities seen
at the nailfolds are hardly to be found in the literature.

Aim

The aim of this study was to determine the value of
thermographic parameters for an assessment of micro-
vasculopathy in patients with SSc. Specifically, the inten-
tion was to determine a correlation between density of
capillaries seen in NVC and thermographic measurements
as well as their connection to capillaroscopic pattern and
CSURI. The secondary aim of the study was to compare IRT
and NVC characteristics of thumbs and fingers [1-V.

Material and methods
Study group

Patients with SSc from the Department of Dermatol-
ogy at the School of Medicine in Katowice, Poland, were
enrolled to the study between April and September 2018.
All of them had to meet classification criteria for SSc es-
tablished by the European League Against Rheumatism

A 18.07.2018 21:43:07

FLIR 1003 jog

FLIR T420 {incl Wi- E210B4ES

and American College of Rheumatology in 2013 [26]. Only
patients with a limited cutaneous subtype of the disease
were recruited. To avoid fluctuations of body tempera-
ture due to the menstrual cycle, only postmenopausal
women were included in the study. Exclusion criteria
involved the use of vasodilating drugs (calcium chan-
nel blockers, angiotensin receptor blockers, inhibitors of
angiotensin-converting enzyme, nitrates, inhibitors of
5-phospodiesterase), cigarette smoking, alcohol abuse,
uncontrolled thyroid disease, calcium deposits in the
skin of fingers, infection of nailfolds, inflammatory ar-
thropathy of interdigital joints and palmar contracture of
fingers not allowing to perform IRT. All participants were
asked to follow pre-test instructions, i.e. avoid manicure
procedures for at least 2 weeks, alcohol beverages 2 days
before, and refrain from sport activities on the day of the
examination. Hand washing or application of moistur-
izing cream as well as caffeine/hot drinks or food intake
were not permitted 2 h prior to the test.

Enrolled subjects gave their written informed con-
sent. The study was previously approved by the local
ethical committee at the Silesian School of Medicine in
Katowice, Poland, KNW/0022/KB1/115/17.

Infrared thermography

Firstly, all participants underwent IRT imaging. This was
performed in the room specifically designed for an optimal
control of temperature, herein fixed at 21°C and with hu-
midity of 50-60%. Patients were earlier acclimatized for at
least 15 min prior to testing. IRT imaging was taken with
FLIR T420 camera (FLIR Systems AB, Taby, Sweden) that
was previously configured to 20-40°C temperature range.
Cutaneous emissivity (an ability of surface to emit heat at a
given temperature) was 0.95. Both hands were first placed
on a flat pin pad to take the picture of the dorsal meta-
carpus and fingers II-V. Then thumbs were put on a round
pin plate which allowed for a coverage of fingers [I-V laying
beneath. All pictures were taken perpendicularly from a dis-
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Figure 1. Thermograms with regions of interest set over the nailfolds (ROI1) and over the central metacarpus (ROI2)
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tance of 0.6 m over hands. They were saved with a resolu-
tion of 320 x240 pixels, and then analysed using dedicated
software FLIR Tools (v.5.6.16078.1002). Two circular regions
of interests (ROI) were determined on the dorsal aspect of
the hand. The first one (ROI1) of 10 mm in diameter was set
over the nailfold of each thumb and finger II-V (Figure 1).
The second (ROI2) of 30 mm in diameter was established
in the centre of the metacarpus. Minimal (Tmin), maximal
(Tmax), and average (Tavg) temperatures were measured
for each ROI separately. A gradient of average temperatures
(ATavg) between the dorsal metacarpus (ROI2) and the nail-
fold (ROI1) was calculated for each of thumb and finger II-V.

Nailfold videocapillaroscopy

Following IRT imaging, all nailfolds were investigated
with USB digital microscope Dino-Lite MEDLAHMA (AnMo
Electronics Corporation, Taiwan). Capillaroscopic pictures
were saved with a resolution of 640 x 480 pixels. Subse-
quently, they were analysed using the dedicated software
Dino-Capture 2.0 (v.1.5.29.C) after calibration with a scale
attached by the device manufacturer. The assessment of
microcirculation in nailfolds was performed by two observ-
ers (B.M and A.L-S). Vascular abnormalities in a patient
were classified to capillaroscopic patterns according to
Cutolo system [6], and this pattern was next attributed
to both thumbs and all fingers IV in the same patient.
Then, capillaroscopic pictures were submitted to quantita-
tive analysis. The intention was to calculate the density of
vascular loops for each of thumbs and fingers 1=V as well
as to calculate CSURI for each of fingers 11-V separately.
This mathematical formula (DxM/N2) was calculated
basing on a number of megacapillaries (M) multiplied by
a diameter of the greatest vascular loop (D) and divided by
a square number of capillaries (N2) [13, 14].

Statistical analysis

Measurements of IRT (Tavg, ATavg) and NVC (density of

capillaries per 1 mm, capillaroscopic pattern, CSURI) were
p = 0.003*
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submitted to statistical analysis with PQStat v.1.6.8.061 (PQ-
Stat Software). W Shapiro-Wilk test determined the use of
parametric or non-parametric statistics in further analysis
of differences between measured values. Non-parametric
statistics involved the U Mann-Whitney test to compare
two groups, and Kruskal-Wallis test with Dunn-Bonferroni
post-hoc analysis in case of three groups. Those parametric
statistics included Student’s paired t-test and ANOVA test
with post-hoc Scheffe test, respectively. A dependence of
temperature measurements on the density of capillaries
per I mm in the nailfold was checked by Spearman’s rank
correlation coefficient. A p-value below 0.05 was consid-
ered to be statistically significant. Correlation was defined
as weak for r-value below 0.4, as moderate for r = 0.4-0.6,
and strong for r-value greater than 0.6.

Results

Nineteen patients with SSc were enrolled to the
study (4 men and 15 women). Their median age was
58 years (range: 45—65 years). Anticentromere (ACA) and
anti-topoisomerase | (anti-Scl70) autoantibodies were
detected in 12 and 7 SSc subjects, respectively. Median
duration time of RP was 7 years (range: 1-19 years) and
median duration time of SSc starting from the first non-
RP clinical symptom was 5 years (range: 1-12 years).

A cumulative number of thirty-eight thumbs and one
hundred fifty-two fingers II-V underwent IRT and NVC
imaging. Due to poor visibility of capillaries in some
nailfolds, only thirty-five thumbs and one hundred forty-
eight fingers II-V were included in the final analysis. This
revealed significantly lower Tavg in nailfolds of fingers
[I-V than in ones of thumbs (p = 0.003; t-Student), and
significantly greater ATavg in fingers Il-V than in thumbs
(p < 0.001; U Mann-Whitney) (Figure 2). No temperature
gradient between the nailfolds (ROI1) and the central
dorsal metacarpus (ROI2) was seen in 8 of 38 thumbs
(21%) and 8 of 148 fingers 1I-V (6%). A density of cap-

p < 0.001**
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Figure 2. Thermographic differences between thumbs and fingers II-V (*t-Student test, mean + SD; **U Mann-Whitney

test, median (range))
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illaries per 1 mm was significantly greater (p = 0.006;
U Mann-Whitney) in nailfolds of thumbs (median = 7,
range: 3-9) than in nailfolds of fingers |-V (median = 6,
range: 3-9).

Spearman’s rank correlation coefficient showed only
a moderate (0.4 < r < 0.6) dependence of Tavg measure-
ments at the nailfolds (ROI1) on the density of capil-
laries per 1. mm in fingers -V (Figure 3 B). The stron-
ger correlation was found in fingers IV (r = 0.61) and V
(r=0.55) and the weaker one was in fingers Il (r = 0.44)
and Il (r = 0.45) (Table 1). No significant dependence
of Tavg at nailfolds on the density of capillaries was
found for thumbs (Figure 3 A). Similar analysis for ATavg
showed also its moderate but inverse dependence on the
density of capillaries per 1 mm in fingers |I-V (Figure 3 D)
with the strongest correlation in fingers IV (r = —0.54) and
V (r = -0.54) (Table 1). Once again, there was no depen-
dence of ATavg at nailfolds on the density of capillaries
in thumbs (Figure 3 C).

NVC pictures were classified as early pattern in 7 pa-
tients and this pattern was next attributed to thirteen
thumbs and fifty-four fingers 11V of those patients. Active
and late patterns were recognized equally in six subjects,
and they were assigned equally to eleven thumbs and
forty-seven fingers II-V. IRT imaging demonstrated signifi-
cantly lower Tavg over the nailfolds in thumbs of patients
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with late pattern, when compared to ones with early (p <
0.001; ANOVA with post-hoc Scheffe test) or active pat-
tern (p = 0.045; ANOVA statistics with post-hoc Scheffe
test) (Figure 4 A). Statistical analysis of ATavg in thumbs
showed its greater values in thumbs of patients with ac-
tive as well as late patterns when compared to ones with
the early pattern. Herein, a significant difference was
found, however, only between the early and late patterns
(p = 0.002; Kruskal-Wallis with post-hoc Dunn-Bonferroni
test) (Figure 4 C). Similar analysis for fingers II-V demon-
strated significant differences of Tavg between all capil-
laroscopic patterns with the lowest measurement values
in fingers of patients with late NVC pattern (Figure 4 B).
Differences of ATavg were also found to be significant be-
tween all capillaroscopic patterns for fingers II-V. Herein,
the greatest gradient values (ATavg) were seen in fingers
[I-V of patients with late pattern and milder in ones with
early or active pattern seen in NVC (Figure 4 D).

The last statistical analysis showed a significant depen-
dence of both Tavg (p < 0.001; Student’s paired t-test) and
ATavg (p < 0.001; Student’s paired t-test) on CSURI (Figure 5).
Due to the absence of megacapillaries in NVC of some nail-
folds, this risk index was calculated for only 112 of those
148 fingers included in the analysis. Fingers II-V with CSURI
>2.96 (n=79), suggesting an increased risk of DU develop-
ment within 3 months, had lower Tavg at the nailfolds as

B Fingers II-V
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Temperature of the nailfold
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Gradient of temperatures [AT °C] o
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Figure 3. Correlations between thermographic parameters and density of capillaries (Spearman rank correlation coef-

ficient)
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Table 1. Thermographic and capillaroscopic characteristics of fingers [I-V

Parameter

Fingers II-V P-value
Index Middle Ring Small
Tavg, mean + SD 28.3 +3.6°C 28.0 £3.4°C 28.0 £3.3°C 28.0 +£3.5°C 0.97*
ATavg, median (range) 3.5 +2.1°C 3.8 +1.9°C 3.7 £1.9°C 3.8 +2.0°C 0.9*
Capillaries/1 mm, median (range) 6 6 5 6 0.63**
Capillaries vs. Tavg 0.44 (< 0.001) 0.45 (0.005) 0.61 (< 0.001) 0.55 (< 0.001)
rho-Spearman (p-value)
Capillaries vs ATavg —-0.39 (0.02) -0.4 (0.014) —-0.54 (< 0.001) —-0.54 (< 0.001)
rho-Spearman (p-value)
*ANOVA statistics, **Kruskal-Wallis test.
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Figure 4. Relationships between thermographic parameters and capillaroscopic pattern (fANOVA statistics with post-hoc
Scheffe test, mean + SD; **Kruskal-Wallis statistics with post-hoc Dunn-Bonferroni test, median (range))

well as significantly more pronounced ATavg than fingers
with CSURI below 2.96 (n = 33).

Discussion

At present, NVC is a non-invasive diagnostic tool of the
greatest significance for the investigation of microvascu-
lopathy. A great value of this method was appreciated by
the American College of Rheumatology and the European
League Against Rheumatism and thus it was included in
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classification criteria of SSc in 2013 [26]. The assessment
of microcirculation in the nailfold with low-budget USB
microscopes or handheld dermoscopes makes NVC more
accessible in clinical practice [27]. However, mechanical
injuries (e.g. manicure) impair the right interpretation of
NVC, whereas skin transparency is often reduced in non-
Caucasian subjects or in case of an excessive epidermal
scaling and skin thickening [28, 29]. One must remember
that NVCis a subjective diagnostic method for the assess-
ment of microcirculation when there is no quantitative
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Figure 5. Relationships between thermographic parameters and CSURI (*t-Student test; mean + SD)

analysis and an interpretation of pictures largely depends
on the individual observer’s experience in NVC[30]. Other
non-invasive diagnostic tools helpful in the assessment
of microcirculation in SSc patients involve laser Doppler
imaging (LDI), laser speckle contrast analysis (LASCA) and
IRT. All of them display blood flow in the microcirculation
rather than assess structural abnormalities of blood ves-
sels. While LDI and LASCA are poorly available, expensive
and time-consuming [31, 32], there is increasing availabil-
ity of IRT in clinical practice due to falling prices of mobile
devices [27].

One of the main aims of our study was to assess an
effect of thermographic parameters on the risk of DU
development. The risk was evaluated with CSURI that
was previously proposed by Sebastiani et al. CSURI was
calculated for each of fingers II-V and they were adapted
as separate ‘subjects’ for imaging. Fingers II-V with a cal-
culated increased risk of new DU development (CSURI
> 2.96) were found to be significantly colder than ones
without such risk (CSURI < 2.96). This stays indirectly in
line with the significantly reduced baseline blood per-
fusion of the hand what was previously observed by
Barbano et al. in SSc patients developing new DU [33].
Reduced acral blood perfusion produces a gradient of
temperatures along fingers which herein once again
was seen to be greater in subjects (fingers) with CSURI
> 2.96. Persistence of the temperature gradient greater
than 1°C between one or more fingertips and the dorsum
of the hand at 30°C after the cold challenge test was ear-
lier reported to be associated with more severe vascular
disease, therefore predisposing to trophic lesions on fin-
gertips [24].

A reference of heat emission to capillaroscopic pat-
tern partially confirmed the prediction of decreasing sur-
face temperature at nailfolds and an increasing gradient
of temperatures with a progression from early to active
and late patterns. Significant differences in both surface
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temperature and gradient of temperatures were found
herein between all capillaroscopic patterns in fingers II-V,
but not in case of thumbs. Only thumbs of SSc patients
with NVC late pattern showed significantly poor control
of surface temperature when compared to ones with ear-
ly pattern, what produced a significantly greater gradi-
ent of temperatures along those thumbs. There was also
a significant difference in surface temperature at nail-
folds between thumbs with active and late patterns,
but it did not impact the occurrence of the significant
gradient of temperatures along thumbs. Heat control
of thumbs appears therefore to be resistant to the loss
of vascular loops with the progression from early to ac-
tive pattern and its significant dysregulation occurs only
when there is severe avascularisation like in case of late
pattern.

Furthermore, our study showed moderate depen-
dence of the surface temperature (Tavg and ATavg) of
hands on the density of capillaries measured by NVC
technique. Stronger dependence was found in fingers
V=V and weaker in fingers II-ll, with almost complete
lack of such dependence in thumbs. A distinct behaviour
of thumbs in control of temperature was previously re-
ported by Chikura et al. [34, 35]. There are studies which
omit measurements of temperature at thumbs [16, 18,
20, 24] or analyse perfusion of only fingers II-1V [17, 33].
Herein, measurements of both fingers [I-V and thumbs
were included, which remains similar to imaging proto-
cols of Merla et al. [21] and Mariotti et al. [36], whose
studies also investigated temperature at all five fingers.

Circulation in thumbs appears to be the least depen-
dent on the density of capillaries among all fingers, prob-
ably due to anatomical differences of blood supply by
arterial structures [37]. Nailfolds of thumbs were found
herein to be significantly warmer than ones of fingers
II-V what was associated with an essentially milder gra-
dient along thumbs than along other fingers. Thumbs
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were also found to be less susceptible to the loss of mi-
crovascular loops and their density of capillaries herein
was significantly greater than in fingers II-V. Interesting-
ly, the index finger was seen to be slightly warmer than
other three fingers IlI-V (although insignificantly). The
index finger partially shares blood supply with thumbs
through arteria princeps pollicis, which probably trans-
mits the pressure of blood stream directly from the ra-
dial artery [38]. Previously, index fingers together with
thumbs were found by Merla et al. to have almost normal
thermoregulatory response in SSc patients whereas this
was abnormal in fingers IV [21].

A stronger correlation between temperature and
capillary density was seen in fingers IV=V, and weaker
in fingers II-11l. A potential explanation is an occlusion of
the ulnar artery which develops in some of SSc patients
[39-41]. This would make blood circulation in fingers IV-V
more dependent on the palmar arch supplied by the radi-
al artery. A weaker blood flow from the ulnar area of the
hand may potentially produce a greater dependence of
blood supply in fingers IV=V on the density of capillaries,
in contrast to thumbs and fingers II-ll, which are located
closer to the radial artery. The strongest dependence was
found for finger IV and, therefore, its thermal control is
more susceptible to a loss of capillaries in contrast to
other fingers of the hand. Previously, the fourth finger
was even identified to be the coolest one among fingers
[I-1V in both healthy controls and patients with RP [17].

Structural abnormalities of the microcirculation
cause large diversity in regional thermoregulatory be-
haviour across fingers of the same hand. This may pro-
duce irregular spots of different heat emission [21] or
a thermal asymmetry between both hands and fingers
[16]. Recovery of blood flow to acral regions is frequently
incomplete following the RP attack in SSc settings, what
produces a persistently increased gradient of tempera-
tures along fingers [20, 24]. Heterogeneity in response
to cold or heat exposure enables considering measure-
ments of temperature separately for each finger instead
of treating them collectively. Distinct behaviour of micro-
circulation across fingers was used in the study to make
each thumb and finger a separate ‘subject’ for imaging.
Capillaroscopic pattern in a given patient was attributed
to all his/her thumbs and fingers. This enabled an analy-
sis of temperature dependence on capillaroscopic pat-
tern in a large group of thumbs and fingers instead of
only a small study cohort.

A critical point for the study was the choice of ROI for
IRT measurements, which was established on the dorsal
aspect of hands over the nailfolds and the central meta-
carpus. Previous authors set ROl within the nail-bed region
of all five fingers [36], palmar surface of fingertips [18],
fingertips and the central metacarpus [17], whole dorsal
surface of the metacarpus and fingers II-V [16], volar sur-
face of hands [23] or even both aspects of the hand [15].
Calculation of the difference between the central meta-
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carpus and distal areas over nailfolds herein is consistent
with measurements of distal-to-dorsal difference pro-
posed earlier by several other authors for RP settings [16,
17, 42]. A gradient of temperatures between two points or
areas is, indeed, less influenced by room temperature than
measurements involving only a single point or area [19].
Undoubtedly, a great limitation of this study was diverse
duration time of RP and SSc. Previously, a negative cor-
relation (r = -0.47; p < 0.05) between temperature mea-
surements of the digits and the duration time of SSc was
indeed reported by Chlebicka et al. [16].

Conclusions

IRT may be helpful in the evaluation of microvascu-
lopathy in SSc. Although there is only a moderate cor-
relation between the density of capillaries and thermo-
graphic parameters, IRT may facilitate observation of the
progression from early to active and late patterns typi-
cally seen in NVC. This imaging technique seems also to
be another promising tool in the prediction of DU devel-
opment. Finally, thumbs manifest distinct behaviour in
SSc. They are less susceptible to the loss of capillaries
and their thermoregulatory control is better than in other
fingers of the hand, what suggests sparing their analysis
with IRT as seen in NVC, for clinical purposes.
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