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Does sublingual microscopy correlate with nailfold
videocapillaroscopy in systemic sclerosis?
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Abstract
In this study, we examine sublingual videomicroscopy and nailfold videocapillaroscopy (NVC) features in systemic sclerosis
(SSc) patients presenting for routine care. Consented participants met classification criteria for SSc. Sublingual videomicroscopy
testing was performed in each subject, followed by a NVC assessment. Sublingual assessment provided a density measurement,
red blood cell fraction (RBC fract), and perfused boundary region (PBR) score. NVC evaluator defined nailfold findings as
normal; specific changes for “early,” “active,” and “late” scleroderma pattern; or “non-specific” changes. Microangiopathy
evolution score was calculated for each participant. Statistical evaluation was performed by non-parametric tests to assess the
correlation of the two tools. Thirty-nine SSc patients with limited cutaneous disease participated in this study. Most participants
had late pattern NVC. There was a highly significant association between the total sublingual microvascular density and number
of capillaries measured by NVC (r = 0.569, P = 0.0002), and statistically significant negative correlation between sublingual total
microvascular density and microangiopathy evolution score (r = 0.532, P = 0.0006). There was significant, negative correlation
between the total sublingual microvascular density and disorganization of vascular array and capillary ramification (r = 0.461,
P = 0.003) and degree of giant capillaries (r = 0.387, P = 0.01). There was no correlation between RBC fract and PBR with NVC
parameters. This study showed a significant correlation between sublingual videomicroscopy and NVC in terms of sublingual
total microvascular density and microangiopathy evolution score. These preliminary results further support the serial use of a
non-invasive and automated sublingual microvascular function testing and glycocalyx measurement in the clinical setting.

Key Points
• Tools that longitudinally assess microvascular function and morphologic features are important for monitoring SSc
vasculopathy.
• Nailfold and sublingual microscopy can identify a loss of capillary density in SSc patients.
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Introduction

Systemic sclerosis (SSc) is a rare autoimmune disease with char-
acteristic fibro-proliferative vasculopathy and Raynaud’s phe-
nomenon as the usual first sign of disease. The current non-
invasive standard of care for quantification of SSc digital vascu-
lopathy is nailfold videocapillaroscopy (NVC), which is used
both to diagnose SSc and categorize vascular change into “ear-
ly,” “active,” and “late” patterns [1–3]. Experts in the field of
capillaroscopy/microcirculation have standardized image acqui-
sition and analysis, different capillaroscopic techniques, normal
and abnormal capillaroscopic characteristics and their meaning,
scoring systems and reliability of image acquisition, and
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interpretation to improve research vigor [4]. While NVC pro-
vides a visualized spectrum of damage that captures dilation of
capillaries (“early” pattern) to loss of capillaries (“late” pattern), it
is a challenge to routinely use in the United States (U.S.) due to
time constraints of a clinic visit for a non-reimbursable proce-
dure, as well as the required training for image acquisition and
interpretation [5–7]. Nonetheless, nailfold capillaroscopy is valu-
able in identifying end-stage vasculopathy regardless of method-
ology used or access to interpretative software [8]. Specifically,
reduction in microvascular density determined by NVC is asso-
ciated with both digital ulcer (DU) and pulmonary arterial hyper-
tension (PAH) [9–13]. Tools that longitudinally assess microvas-
cular function and morphologic features are of significant impor-
tance for monitoring disease progression and possibly evaluating
the efficacy of existing and novel therapies for SSc vasculopathy.

Sublingual abnormalities in SSc may be related to vascu-
lopathy [14]. Sublingual videomicroscopy can be used in SSc
for the assessment of microvascular function and the glycoca-
lyx, which is an indicator of endothelial dysfunction [15–17].
The automated capture and analysis system determines func-
tional outcomes of microvascular perfusion (measured as lon-
gitudinal red blood cell fraction (RBC fract)) and glycocalyx
penetrability (measured as perfused boundary region [PBR])
in microvessel segments, thus providing detailed and objec-
tive information about the status of the microcirculation in
SSc. The purpose of this project was to correlate NVC and
sublingual videomicroscopy features in SSc subjects present-
ing for routine clinical care in order to characterize vascular
damage in this patient population. Our research question was
whether sublingual videomicroscopy can provide the same
information as NVC when evaluating a SSc patient.

Methods

Study design

This cross-sectional study was conducted at the time of clin-
ical care in patients that met classification criteria for SSc [1]
and were enrolled in the SSc registry at the University of Utah
and Veterans Affair Medical Center SSc registry (Institutional
Review Board ethics approval number 38705). Patients had to
be willing to have both NVC and sublingual capillaroscopy on
the same day at the time of their care visit. There were no other
exclusion criteria.

Study procedures

Each subject was examined in a clinical exam room after they
had remained inside the facility at room temperature of about
21–22 °C for a minimum of 15 min. There was no other
testing preparation that was required. There is no technical
expertise required for sublingual videomicroscopy testing that

was performed in each subject in 5 min. A sterile sublingual
tip is used and then discarded after use for each patient.
Automated analysis (GlycoCheck™, Microvascular Health
Solutions Inc., and Salt Lake City, UT, USA) provided a
RBC fract and PBR measurement values that were recorded.
The software performs fully automated analysis as previously
described by our group without the placement of a grid [15].
Subsequently, the nailfold of the second, third, fourth, and
fifth finger were examined on both hands in each patient for
30min by a certified evaluator that was blinded to clinical data
(MR). Using an optical probe videocapillaroscope equipped
with a × 200 magnification contact lens and connected to im-
age analysis software (Inspectis AB, Solna, Sweden), the eval-
uator defined nailfold findings as normal; specific changes for
“early,” “active,” and “late” scleroderma pattern; or “non-spe-
cific” changes. “Early” scleroderma pattern is defined as few
enlarged/giant capillaries, few capillary hemorrhages, rela-
tively well-preserved capillary distribution, and no evident
loss of capillaries; “active” as frequent giant capillaries, fre-
quent capillary hemorrhages, moderate loss of capillaries,
mild disorganization of the capillary architecture, and absent
or mild ramified capillaries; and “late” as irregular enlarge-
ment of the capillaries, few or absent giant capillaries and
hemorrhages, severe loss of capillaries with extensive avascu-
lar areas, disorganization of the normal capillary array, and
bushy capillaries [18]. The microangiopathy evolution score,
which includes the sum of three scores for loss of capillaries,
disorganization of the microvascular array, and capillary ram-
ifications, was calculated for each participant [19]. The micro-
angiopathy evolution score allows the analysis and quantifi-
cation of different components of the microvascular abnor-
malities, especially within the context of the NVC “late” pat-
tern [20]. Correlation coefficients measured the strength of a
monotonic relationship between data. The relationship (or the
correlation) between the two variables is denoted by the letter
r. Non-parametric tests were used for statistical evaluation
with significance set at a P value less than 0.05.

Results

Thirty-nine SSc patients were consented for participation be-
tween November 2018 through March 2019. The vasculopathy
clinical features of participants are shown in Table 1. Participants
were mostly white females with limited cutaneous disease. Most
participants had late pattern NVC. There was a moderate signif-
icant association between the total sublingual microvascular den-
sity and number of capillaries measured by NVC (r= 0.569, P =
0.0002). Additionally, there was a statistically significant nega-
tive correlation between sublingual total microvascular density
and microangiopathy evolution score (r = 0.532, P = 0.0006).
There was weakly significant, negative correlation between the
total sublingual microvascular density and disorganization of
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vascular array and capillary ramification (r= 0.461, P = 0.003)
and degree of giant capillaries (r= 0.387, P = 0.01). In this pop-
ulation of primarily long disease duration and “late” pattern
NVC, there was no correlation between RBC fract and PBRwith
NVC parameters.

Discussion

This study found a significant correlation between intravital
microscopy of the sublingual microcirculation and NVC in
terms of sublingual total microvascular density (Fig. 1), as

well as microangiopathy evolution score. The importance of
this finding is that reduction in capillary density is an impor-
tant feature of nailfold capillaroscopy (regardless of type of
device that is used) that is associated with predicting end-stage
vasculopathy [21]. It is possible that similar to nailfold
capillaroscopy, intravital microscopy of the sublingual micro-
circulation can also predict end-stage vasculopathy, such as
DU, PAH, and scleroderma renal crisis, if used longitudinally
in an early disease duration SSc cohort.

While there was no correlation between functional outcomes
of microvascular perfusion (RBC fract) and glycocalyx pene-
trability (PBR) with NVC parameters, it is likely that these
measures are more important biomarkers for “early” and/or
“active” disease, when vascular leak is occurring [22].
Software analysis advancements are allowing standardization,
which highlight the importance of rheumatologists understand-
ing vascular assessment techniques both in the clinical and
research settings for both diagnosis and treatment [23].

Our study has several strengths. This research study was
conducted in a U.S. SSc clinic at the time of routine care,
highlighting that bedside vascular assessment tools can be
used despite time constraints. As such, there are no healthy
controls included in this analysis as it was performed at the
point-of-care. Our cohort was mostly white females with anti-
centromere antibody positive, which could possibly introduce
bias and highlights the importance of large studies that repre-
sent the subsets of SSc. Similar to other studies, our study also
highlights that SSc pathogenesis is characterized by a loss of
capillary density that can be effectively quantified in different
organs [17]. While our study is single-centered with mostly a
limited cutaneous study population, it is noted that others have
reported in a mostly diffuse cutaneous cohort that sublingual
microcirculation and glycocalyx correlate to features of NVC
morphologic abnormalities [16].

Sublingual microscopy provides information on the glycoca-
lyx in addition to an estimate of vessel density. An additional
advantage of this method has automated data analysis and

Table 1 Clinical features of systemic sclerosis cohort (N = 39)

Age, mean (SD), years 59 + 21

Gender (female) 37

Race (White) 37

Duration of SSc (first non-Raynaud symptom),
mean (SD), years

9.5 + 8.9

Limited cutaneous SSc 30

Modified Rodnan skin score, mean (S.D.) 10 + 8

History of:

Scleroderma renal crisis 3

Pulmonary artery hypertension 3

Digital tip ulcer 5

Antinuclear antibody positive 39

Centromere antibody positive 21

RNA polymerase III antibody positive 10

Topoisomerase antibody positive 5

NVC pattern:

“Early” 7

“Active” 13

“Late” 19

Data are presented as n unless otherwise specified

NVC, nailfold videocapillaroscopy; SSc, systemic sclerosis

Fig. 1 Reduced density by nailfold capillaroscopy (a) and sublingual (b) and in a participant
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requires no formal certificate-based training. As such, this device
provides information in addition to that provided by NVC in a
rapid manner. In summary, these preliminary cross-sectional re-
sults further support the serial use of a non-invasive and auto-
mated sublingual microvascular function testing and glycocalyx
measurement in the SSc clinical setting [15].
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