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Systemic sclerosis-related digital ulcers; a pilot
study of cutaneous oxygenation and perfusion

Rheumatology key message

o Non-invasive imaging techniques demonstrate that
SSc-related digital ulcers can be hypoxic as well as
poorly perfused.

Dear EpiTor, Systemic sclerosis (SSc)-related finger or toe
(digital) ulcers (DU) affect up to 50% of patients with SSc
[1, 2]. DUs can be chronic, difficult to treat and have a
huge impact on quality of life, affecting hand function [3].
Relatively little is known about their pathophysiology. A
recent study indicated that both fingertip and extensor
surface ulcers are ischaemic [4]. Non-invasive imaging
demonstrates increased blood flow with ulcer healing,
supportive of reversible ischaemia [4, 5]. A small number
of case reports documenting SSc-related ulcers respond-
ing well to hyperbaric therapy suggest that hypoxia

contributes to pathophysiology [6, 7]. It has recently
become possible to measure skin oxygenation non-
invasively, affording the potential to measure changes in
the degree of hypoxia with healing and in response to
treatment [8]. The objectives of this small pilot study
were to use non-invasive imaging techniques to gain
further insight into the pathophysiology of SSc-related
DU in terms of cutaneous blood oxygenation levels. The
hypotheses of the study were that digital ulcers are
hypoxic as well as poorly perfused and that relationships
exist between the levels of perfusion and oxygenation and
the size of the lesion.

Nine patients with SSc-related DU [one male, eight
female, median age 62 (interquartile range 60-69) years,
median disease duration since onset of first non-
Raynaud’s feature 17 (12-22) years, median duration of
Raynaud’s 18 (12-27) years, six limited cutaneous SSc,
two anti-Scl70 positive, five anticentromere antibody posi-
tive] underwent imaging of one finger ulcer. Images were
taken to include the site of ulceration, adjacent skin) and a
site away from the ulcer (Fig. 1).

Measurements of oxygenation were extracted from
images taken by a bespoke multispectral imager.

Fiec. 1 Images showing examples of finger ulcers and associated data
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Ulcer site | Adjacent Ulcer/ Ulcer/ Adjacent/ P-value
Measure/lmaging technigue/Site [(5)] site (A) site (D) Adjacent Distant Distant WD vs
(UIA) (U/D) (A/D) AD
Oxygenation Multispectral imaging 0.083 0.145 0.045 0.785 1.003 1.85 0.046
(Arbitrary units) (0.035 - (0.002 - (-0.012 - (0.318 - (0.266 - (0.55 -
0.193) 0.254) 0.127) 6.655) 2.575) 5.50)
Perfusion laser speckle contrast 185 4432 911 0.67 2.19 4.49 <0.0001
imaging (Arbitrary (122 - (218 — (69— (0.43 - (1.52 - (2.46 -
perfusion units) 266) 791) 188) 0.75) 2.45) 5.53)
Laser Doppler imaging 215 344 147.6 0.37 1.42 225 0.021
(Arbitrary perfusion units) (96.6 — (222 - (84.8 - (0.21 - (0.39 - (0.91 -
458.4) 1072) 428.3) 0.47) 3.19) 8.33)
319 319 316 1.0 1.0 1.01 0.026
Thermal imaging (°C) (28.2 - (28.2 - (26.5 - (0.98 - (0.99 - (0.99 -
33.1) 33.2) 34.2) 1.005) 1.04) 1.05)

(a-e) extensor ulcer and (f-j) finger-tip ulcer; (a) and (f) photograph; (b) and (g) laser speckle contrast imaging; (c) and (h)
laser Doppler image; (d) and (i) thermal image and (e) and (j) multispectral imaging. Arrows indicate ulcer site. For (b-e)
and (g-i), blue represents relatively low perfusion/oxygenation and red high. (b) shows examples of the regions of interest
from which data were taken at the ulcer and adjacent sites. Below: table of data from the imaging techniques at each site.
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Broadband (white) light was shone onto skin and several
images were taken over multiple wavelengths. The
amount of light absorbed by de-oxyhaemoglobin and oxy-
haemoglobin within the skin differs across wavelengths.
Thus, de-oxyhaemoglobin and oxyhaemoglobin each
have their own unique absorption spectrum, allowing the
oxygenation levels to be calculated (as described pre-
viously [8]).

Perfusion was measured using three imaging techni-
ques: laser speckle contrast imaging (MOORFLPI-2,
Moor Instruments, UK), which images the upper levels of
the cutaneous microcirculation, laser Doppler imaging
(MOORLDI2, Moor Instruments), which images more
deeply (both upper and lower microvascular levels) and
thermography (FLIR-one, Sweden), which measures skin
temperature; providing a proxy for superficial (microvas-
cular) and deeper (macrovascular) tissue perfusion. The
lesion area size was measured from laser Doppler
images on accompanying grey-scale images. A
Spearman’s rho test was used to assess correlations.
This study complied with the Declaration of Helsinki and
was approved by the NW Research Ethics Committee 6.
All participants gave written consent.

Eight fingertip and one extensor DU were imaged. A
region of interest was defined at the site of the ulcer, in
an adjacent area of skin and at a distant area, away from
the ulcer. The distant site was assumed to be unaffected
by microvascular changes associated with the lesion. The
ratios of ulcer/distant (U/D) and adjacent/distant (A/D)
express the differences at the ulcer and adjacent sites
compared with an ‘unaffected’ site. Data are shown in
Fig. 1. Oxygenation was imaged in only six of the nine
ulcers due to technical reasons. Oxygenation was
decreased for 33% (2/6) of ulcers compared with the dis-
tant site and increased in 100% (6/6) of adjacent vs distant
sites; U/D vs A/D, P=0.046. Perfusion as measured by
laser speckle contrast imaging was decreased in the
ulcer vs distant site for 11% (1/9) and all adjacent sites
vs distant sites were increased (9/9); U/D vs A/D,
P <0.0001. Perfusion measured by laser Doppler imaging
was lower in 44% (4/9) of ulcer sites vs distant sites and
perfusion was higher in 78% (7/9) of adjacent sites vs
distant sites; U/D vs A/D, P =0.021. Thermal imaging iden-
tified 44% (4/9) of ulcer sites as lower in perfusion than the
distant sites and 67% of adjacent sites had increased
perfusion as compared with the distant site; U/D vs A/D,
P =0.026.

The median lesion area was 3.4 [3.25-4.95] cm?
Oxygenation was associated with perfusion as assessed
by laser Doppler imaging (r=0.83, P =0.04) but not as
assessed with laser speckle contrast imaging (r=0.49,
P =0.33) or with thermography (r=0.20, P =0.70).
Neither oxygenation (r = —0.14, P =0.79), nor perfusion
[laser speckle contrast (r =0.20, P =0.60), laser Doppler
imaging (r = —0.14, P =0.72)] were associated with the
size of the lesion.

In conclusion, oxygenation was reduced for some but
not all ulcers, offering support to our first hypothesis,
although we acknowledge that the number of ulcers
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studied was small. Oxygenation was increased in the adja-
cent areas of all ulcers indicative of possible inflammation.
All perfusion imaging techniques were sensitive to differ-
ences in perfusion between the ulcer site and adjacent and
distant areas when considering the distant site (U/D vs A/
D), suggesting ulcers affect both superficial and deeper
tissue perfusion. Oxygenation showed a strong relation-
ship to perfusion as measured by laser Doppler imaging,
suggesting that hypoxic ulcers are poorly perfused. As well
as providing insights into pathogenesis, measuring ulcer
oxygenation and perfusion may provide a biomarker of
ulcer healing for novel therapies.
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