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Abstract

Background. Pulmonary arterial hypertension (PAH) is an important cause of morbidity and mortality in patients
with systemic sclerosis (SSc). This condition is diagnosed by cardiac Doppler ultrasonography, right-heart cath-
eterization, or by serum levels of N-terminal pro-brain natriuretic peptide (NT-proBNP). The aim of this study was
to assess the association between serum NT-proBNP and nailfold capillaroscopic patterns in SSc patients. We
also analyzed the association between pulmonary function parameters, NT-proBNP, and nailfold capillary findings
in patients diagnosed with SSc and PAH.

Material and methods. We retrospectively analyzed SSc patients and healthy controls from our institution be-
tween July 2016 - December 2018. We assessed by chart review: pulmonary artery systolic pressure (PASP),
forced vital capacity (FVC), forced expiratory volume in 1 sec/forced vital capacity ratio (FEV1/FVC ratio), the
number of nailfold capillaries/mm and NT-proBNP. Statistical analyses were performed using the Student’s t-test,
ANOVA test and the Pearson’s correlation.

Results. Seventeen patients with SSc and 17 healthy controls matched for age and gender were included. Among
SSc patients, 13 had diffuse cutaneous SSc (dcSSc) and 4 patients had limited cutaneous SSc (IcSSc). PAH was
identified in 10 SSc patients. In SSc patients, significant correlations have been identified between PASP and
NT-proBNP (r=0.9, p<0.0001), nailfold capillaries density and PASP (r=-0.95, p<0.0001), and nailfold capillaries
density and NT-proBNP (r=-0.84, p<0.0001).

Conclusion. We suggest that in patients with SSc, NT-proBNP is significantly correlated with PASP and nailfold
capillaroscopic findings.
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INTRODUCTION circulation in SSc patients. This test offers details
about the disease severity, the degree of visceral in-
volvement, and the appearance and progression of
sclerodermic microangiopathy (3, 4, 5). Cutolo et al.
defined three patterns of microvascular involvement
in SSc patients: early (few giant capillaries, few cap-
illary micro-hemorrhages, no evident loss of capil-
laries, and a relatively well-preserved capillary dis-
tribution), active (frequent giant capillaries, frequent
capillary micro-hemorrhages, moderate loss of cap-
illaries, absence of or mildly ramified capillaries
with slight disorganization of the capillary architec-
ture), and late (irregular enlargement of the capillaries,

Systemic sclerosis (SSc) is a chronic autoim-
mune disease characterized by skin and visceral fi-
brosis, widespread obliterative vasculopathy, and
cellular and humoral immunity abnormalities (1, 2).
Vascular changes are initially subclinical, but later
they become clinically-evident in the form of oblit-
erative vasculopathy (3). SSc complications are
common and may present as ischemic digital ulcers,
scleroderma renal crisis, or pulmonary arterial hy-
pertension (PAH) (2).

Nailfold capillaroscopy has emerged as a useful
tool in the staging of the involvement of the micro-
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almost absent giant capillaries and micro-hemorrhages,
severe loss of capillaries with extensive avascular are-
as, ramified/bushy capillaries, and intense disorganiza-
tion of the normal capillary array) (6,7).

PAH, a potentially life-threatening condition, is a
late complication of SSc, usually appearing after 10
years of disease, especially in patients with limited
cutaneous SSc (1cSSc). In contrast, in patients with
diffuse cutaneous SSc (dcSSc), PAH develops earli-
er in the course of the disease, and is considered to
be a complication of interstitial lung disease. The
incidence of PAH is estimated to be between 7-15%,
having an aggressive course (8,9). Risk factors asso-
ciated with the development of PAH are: older age,
more severe peripheral vascular disease, extensive
avascular areas on nailfold capillaroscopy (reduced
number of capillaries/mm), or presence of interstitial
lung disease/pulmonary fibrosis (10,11).

PAH is generally diagnosed by cardiac Doppler
ultrasonography, or by right-heart catheterization, by
assessing the following parameters: pulmonary ar-
tery pressure (systolic, diastolic, and mean), right
atrial pressure, pulmonary wedge pressure, and right
ventricle pressure. Biochemical biomarkers are also
important in diagnosing PAH. One such marker is
the N-terminal pro-brain natriuretic peptide
(NT-proBNP). It is released into the blood following
the cleavage of proBNP, while having a longer half-
life, which makes it suitable for detection (12). Over
the past few years, the link between nailfold capil-
lary abnormalities and target organ damage has been
investigated. Some studies revealed a negative cor-
relation between the nailfold capillary abnormali-
ties, expressed as nailfold capillaries density and
severity of organ involvement (13,14,15).

The primary objective of this study was to assess
the variability of serum NT-proBNP depending on
the nailfold capillaroscopic patterns in SSc patients.
The secondary objectives were to assess the associa-
tions between pulmonary function parameters,
NT-proBNP, and nailfold capillaroscopy findings in
patients with SSc and PAH.

MATERIAL AND METHODS
Patients

Patients diagnosed with SSc at our institution be-
tween July 2016 - December 2018 along with an
equal number of healthy controls matched for age
and gender, were included. The diagnosis of SSc was
established based on the 2013 ACR/EULAR Classi-
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fication Criteria for Systemic Sclerosis (16). We ex-
cluded patients with previous pulmonary diseases
not associated with SSc, overlap syndromes, uncon-
trolled systemic hypertension, cardiac diseases with
NYHA classes II, III and IV heart failure, coagula-
tion disorders, current smokers, and pregnant or
breastfeeding women. All the patients gave their in-
formed consent. The study was approved by the Eth-
ics Committee of the Victor Babes University of
Medicine and Pharmacy, Timisoara, Romania.

We assessed the following pulmonary parame-
ters: pulmonary artery systolic pressure (PASP) (us-
ing a Siemens Acuson X300 Ultrasound System
with a 2,5 MHz transducer), forced vital capacity
(FVQ), forced expiratory volume in 1 sec/forced vi-
tal capacity ratio (FEV1/FVC ratio) (Thor Medical
Systems). PAH was defined as a mean pulmonary
arterial pressure over 25 mmHg at rest (correspond-
ing to an estimated PASP over 40 mmHg) (17).

The density of nailfold capillaries/mm was deter-
mined by nailfold capillaroscopy (USB Digital Mi-
croscope, 2.0 Mega Pixel Digital Camera). Before
this test, the patients were seated in a room with a
stable temperature of 20-22°C for at least 15 min-
utes, in order to avoid capillary vasoconstriction
(which increases false positive rates for avascular
areas). The 2™, 3, 4% and 5" digits of both hands
were examined. Giant capillaries, capillary hemor-
rhages, avascular areas, ramified/bushy capillaries,
and capillary architecture were recorded.

Serum NT-proBNP (immunochemistry/chemilu-
minescent immunoassay) was the marker used to
characterize the right ventricle dysfunction associat-
ed with PAH. Antinuclear, anti-topoisomerase, and
anti-centromere antibodies were determined using
indirect immunofluorescence (HELMED).

The same variables were analyzed in both groups
of patients.

Statistical analysis

Data are presented as mean + standard deviation.
Statistical analyses were performed using Microsoft
Excel the Student’s t-test, ANOVA test, and the Pear-
son’s correlation. Differences were considered sta-
tistically significant at a p-value < 0.05.

RESULTS

We included 17 SSc patients and 17 healthy con-
trols. Baseline demographics are presented in Table
1. Among SSc patients, 13 (76.5%) had diffuse cuta-
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TABLE 1. Baseline demographics of the studied population
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Parameter Value (mean * standard deviation)
SSc patients Controls
Sex [n (%)] 17 17
Males 5(29.41 %) 5(29.41%)
Females 12 (70.59 %) 12 (70.59%)
Mean age (years) 50.47 +5.46 52.18 +5.72
Mean length of SSc evolution (years) 6.23+1.71 -
Mean length of Raynaud’s phenomenon evolution (years) |[9.58 +3.77 -
The drugs used by SSc patients at the initial evaluation Bosentan -
(2 patients)
Macicentan (1 patient)
Calcium channel blockers
(17 patients)
Cyclophosphamide (6 patients)
Methotrexate (4 patients)

neous SSc (dcSSc), whereas 4 (23.5%) patients had
the limited form of the disease (IcSSc). Raynaud’s
phenomenon was present in all cases. In the SSc
group, 3 (17.6%) patients had early nailfold capil-
laroscopic pattern, 7 (41.2%) had the active pattern,
and 7 (41.2%) had the late pattern. Antinuclear anti-
bodies were identified in all patients. Among these
antibodies, anti-topoisomerase [ antibodies were
identified in 13 (76.5%) SSc patients, whereas an-
ti-centromere in 4 (23.5%) patients. PASP and serum
NT-proBNP were significantly higher in SSc pa-
tients versus healthy controls, whereas FVC, FEV1/
FVC ratio, and capillary density/mm were signifi-
cantly lower (Table 2). There were no statistically
significant differences of NT-proBNP and PASP be-
tween controls and SSc without PAH.

PAH was identified in 10 (58.9%) SSc patients (8
patients with dcSSc and 2 patients with 1¢cSSc). Clin-
ical, pulmonary, and capillaroscopic parameters and
NT-proBNP values in PAH related to SSc patients
were presented in Table 3. In dcSSc patients, PAH
was associated with interstitial lung disease/intersti-
tial pulmonary fibrosis, expressed as reduced FVC,
younger age, and lower mean length of SSc progres-
sion. In 1cSSc, PAH appeared independently of the
SSc related interstitial lung disease, mean age was
higher, and mean SSc progression was longer than in
patients with dcSSC.

Both NT-proBNP and PAH significantly increase
with the severity of the capillaroscopic pattern (Ta-
ble 4).

TABLE 2. Pulmonary and capillaroscopic parameters and NT-proBNP values

in SSc patients and controls

Parameter SSc patients Controls p

PASP (mmHg) 44,88 + 12.65 29.82 £ 1.55 <0.001
NT-proBNP (pg/ml) 196.11+91.78 103.35+10.07 <0.001
FVC (%) 66.47 +12.79 84.82 +3.16 <0.001
FEV1/FVC (%) 82.58 +4.34 91.94+4.70 <0.001
Capillary density/mm 7.27 £2.63 11.57 £1.04 <0.001

TABLE 3. Clinical, pulmonary, and capillaroscopic parameters and NT-proBNP values in

PAH-SSc patients

Parameter dcSSc patients 1cSSc patients p-value
Mean age (years) 48.5+5.09 57+1.41 <0.01
Mean length of SSc evolution (years) 6+1.69 8.5+0.70 <0.05
PASP (mmHg) 52.25+5.57 62 +8.48 0.33
NT-proBNP (pg/ml) 234.62 £ 81.54 302.5+122.32 0.57
FVC (%) 5475 +4.94 78.51+4.94 <0.05
FEV1/FVC (%) 81.25 +4.09 80.5+0.70 0.061
Capillaries density/mm 5.90+1.69 3.74+0.17 <0.01
Active stage in 3 patients | Late stage in 2 patients
Late stage in 5 patients
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TABLE 4. NT-proBNP and PASP values in SSc patients and controls

SSc patients with nailfold capillaroscopy stage
Parameter Controls - p-value
Early Active Late
NT-proBNP (pg/ml) 103.35 +10.07 120+ 1.73 143 +25.33 281.85+84 | <0.0001
PASP (mmHg) 29.82 +1.55 30.33+0.57 38.85+8 57.14+6.28 | <0.0001

In SSc patients, significant correlations have
been identified between PASP and NT-proBNP
(p<0.0001), nailfold capillaries density and PASP
(p<0.0001), and nailfold capillaries density and
NT-proBNP (p<0.0001) (Figures 1, 2, 3).

DISCUSSION

Vascular disease, a major pathologic manifesta-
tion of SSc, mainly affects the microcirculation (18).
SSc vascular involvement is an important contribu-
tor to the morbidity and mortality associated with
this disease (19). Vascular dysfunction occurs early
during the course of SSc, followed by disorganiza-

tion of the microvascular architecture. This patho-
logic event may represent even the initial step of
progressing towards systemic fibrotic disease and
has a negative prognosis (20,21,22).
Microvasculature changes are seen in all involved
organs (i.e., lungs, heart, kidneys, and gastrointesti-
nal tract), demonstrating the widespread nature of
capillary changes in SSc (4). Some studies suggest
that the nailfold capillaroscopic detection of micro-
vascular lesions in SSc may precede clinically overt
involvement of other tissues and organs (13, 15). At
the same time, capillary loss detected by nailfold
capillaroscopy has been associated with PAH, inter-

Figure 1. Pearson correlation between PASP and NT-proBNP in SSc patients

FIGURE 2. Pearson correlation between capillaries density and PASP in SSc patients
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FIGURE 3. Pearson correlation between capillaries density and NT-proBNP in SSc patients

stitial lung disease, and peripheral vascular disease
(23,24).

The present study found a negative correlation
between capillary density reduction and increasing
PASP (p<0.0001). The PASP values were chosen to
characterize the presence of PAH in the studied SSc
patients. As the capillaroscopic pattern worsened,
PASP increased. Ong et al. reported that SSc patients
with PAH had a significant reduction in capillaries
density compared with SSc patients without this co-
morbidity (25). Hofstee et al. showed that capillary
density was lower in SSc patients with PAH than in
SSc patients without PAH and was correlated with
the severity of PAH (14). In a small study of 24 SSc
patients, Riccieri et al. found significant correlations
between mean pulmonary artery pressure values, the
nailfold videocapillaroscopy score, and the avascu-
lar areas score (26). Another study showed that se-
vere skin telangiectasias were independently associ-
ated with late capillaroscopic pattern (OR 4.84 [95%
CI 1.32-26.19]; p=0.018) and PAH (OR 12.60
[95%CI 1.68-94.53]; p=0.014) (17). Emrani et al. re-
vealed the inverse correlation between the decrease
in capillaries density and presence of PAH (27).

Several features of PAH have been identified in
the two SSc subsets. Thus, dcSSc patients were
younger, had a shorter mean length evolution, and a
reduced FVC than 1cSSc patients.

In deSSc, PAH is always associated with signifi-
cant interstitial lung disease, reflected by reducing
FVC (2). A significant correlation between FVC, as
a measure of pulmonary fibrosis, and capillary den-
sity has been described in dcSSc patients. Bredemei-
er et al. showed that ground-glass opacities on

high-resolution computed tomography were corre-
lated with a higher avascular score on nailfold capil-
laroscopy (28). In a study of 92 patients with dcSSc,
Sato et al. reported significant correlations between
vascular deletion score, PAH, and interstitial lung
disease (29).

NT-proBNP is a novel biomarker associated with
PAH. NT-proBNP is a 76-amino acid N-terminal in-
active protein that is cleaved from proBNP. It has
been shown to be of great benefit in identifying SSc
patients with PAH. At a cut-off value of 125 ng/L,
NT-proBNP is strongly and independently associat-
ed with three- and five-year mortality in SSc patients
and may represent a potential predictor of mortality
in this population (12). In our study, we identified a
significant positive correlation between NT-proBNP
and PASP. In a study by Thakkar et al. on SSc pa-
tients, NT-proBNP was highest in the group of SSc
patients with PAH compared with SSc patients with-
out PAH, and higher in the risk group compared with
controls. The authors demonstrated a positive corre-
lation between NT-proBNP and PASP (30). In the
PHAROS registry, it was shown that NT-proBNP
may be more useful than BNP in the detection and
monitoring of PAH in SSc patients (31). Due to a
good correlation between NT-proBNP values and
pulmonary artery pressure, Thakkar et al. proposed
that NT-proBNP and pulmonary functional tests
should be markers of SSc-related PAH (32). Several
studies demonstrated the correlation between
NT-proBNP and PASP in SSc patients (33, 34, 35,
36).

The NT-proBNP values were significantly corre-
lated with reduced capillary density and with the se-
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verity of nailfold capillaroscopic pattern. Higher
values of NT-proBNP were more common in pa-
tients with extended avascular areas (37). Markusse
et al. identified that a more severe nailfold capillaro-
scopic pattern was associated with the risk for inter-
stitial lung disease (OR=1.34, 95% CI 1.04-1.74),
reduced DLCO (OR=1.52, 95% CI 1.17-1.98), in-
creased PASP (OR=2.33, 95% CI 1.01-5.39), and
increased NT-proBNP (OR=1.70, 95% CI 1.09-2.64)
(38). In the study performed by Stefanovic Neskovic
et al., statistically significant BNP increases were
observed with the increase in capillaroscopic pattern
severity (39).

The small number of SSc patients, along with the
retrospective nature of the study, limit our results. A
multidisciplinary assessment comprising of the
rheumatologist, cardiologist, and pulmonologist is
essential for the appropriate management of SSc pa-
tients with PAH.

CONCLUSIONS

1. Structural changes in the nailfold microcircu-
lation identified by nailfold capillaroscopy are simi-
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