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A B S T R A C T

Background: Renal Resistive Index (RRI), reflects changes in both renal vascular and tubular-interstitial com-
partments and in systemic vascular compliance related to age and comorbidities.
Objectives: a) To investigate determinants of RRI in SSc population, b) its association with SSc-related features
and c) to test its prognostic impact on organ specific worsening or death.
Methods: 380 SSc patients ≥18 years were enrolled after giving informed consent. Baseline data on RRI, la-
boratory, instrumental and therapeutic features were retrospectively collected. Age-SSc adjusted cut-offs were
created by dividing the population in age quartiles and considering RRI values> 75th percentile as pathologic.
Clinical follow-up was performed until last available visit or the development/worsening of specific internal
organ involvement or death.
Results: RRI was independently predicted by age and systolic pulmonary arterial pressure on Echo. Therefore,
we created Age-SSc adjusted pathologic RRI cut-offs, which were significantly associated with various disease
related skin and lung fibrotic manifestations, as well as vasculopathic complications. After a mean follow-up of
3.6 ± 2.6 years, RRI was one of the independent predictors (together with modified Rodnan skin score, inter-
stitial lung disease, presence of dyspnoea and late nailfold-videocapillaroscopy pattern) for mortality, with 0.68
as best cut-off (sensitivity 88.5%, specificity 50.9%).
Conclusion: If corroborated, Renal Resistive Index cut-offs might be used to evaluate renal and extrarenal in-
volvement in SSc and could serve as predictors of mortality.

1. Introduction

Systemic sclerosis (SSc) is a chronic autoimmune disease char-
acterized by skin and internal organ involvement [1]. The pathogenesis
of the disease is still today partially understood, despite the significant
amount of work that has been done in understanding the process

leading to vasculopathy, immune dysregulation, tissue inflammation
and eventually fibrosis [2]. Among organ involvement the kidney is
frequently affected: autopsy studies showed its presence in>60% of
the cases [3]. In the majority of the cases kidney involvement is sub-
clinical and may have a variable clinical expression, including decrease
of renal function, glomerulonephritis, chronic vasculopathy, and a
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specific sensitivity for drug toxicity. The most dramatic clinical ex-
pression of acute kidney involvement in SSc is the well-known scler-
oderma renal crisis which, in the majority of the cases, is a lethal
complication [4]. In these patients, renal pathology studies showed
vascular hyperplasia and fibrinoid necrosis at inter-lobular and arcuate
renal arteries, with glomeruli sparing or late ischemic damage in un-
controlled cases [5].
In SSc, kidney function serum and urinary tests are part of the as-

sessment of the patient during the follow-up. In particular, we know
today that the serum creatinine measurement is affected by muscle
mass reduction and creatinine clearance impairment [6,7] and protei-
nuria is having a proper prognostic impact [8]. Frequently, SSc patients
are also affected by arterial hypertension as a comorbidity, being a
pivotal determinant of renal filtration.
Today, ultrasound is among the first-line tools to assess the kidney

and the urinary tract [9]. Moreover, the Doppler technique can evaluate
arterial and parenchymal vascular perfusion up to smaller inter-lobar
and arcuate arteries, with continuous flow and identifiable systolic peak
and diastolic curve [10]. Renal Resistive Index (RRI) is a semi-quanti-
tative index representing the resistance that blood flow encounters
distally at any point where it is measured, with minimal variations from
renal to inter-lobular arteries [11]. RRI is calculated as the difference of
peak systolic velocity and peak diastolic velocity, divided by the peak
systolic velocity. These values are derived by the mean of three mea-
surements performed at renal artery level with Doppler ultrasound
[12].
Initially, 0.70 was proposed as a single pathologic RRI cut-off (being

pathologic for RRI≥ 0.70) in obstructive and nonobstructive dilatation
of the renal calix [13]. However, later studies demonstrated the pivotal
role of age in determining RRI values and age-adjusted RRI cut-offs
were proposed [14]. RRI can be influenced by local renal factors, in-
cluding both vascular resistance and compliance, but also by non-vas-
cular factors that increase pressure in interstitial compartment and in
SSc are mostly due to fibrosis [15,16]. Systemic determinants are also
well known, such as arterial hypertension [17], arteriosclerosis [18]
while low-grade inflammation [19], diabetes mellitus [20], hyperur-
icaemia [21] are less clear but possible causes of renal vasculopathy or
tubular-interstitial nephropathy.
Several studies examined the pattern of RRI in SSc patients. In 1996,

increased RRI values was been found to correlate with disease duration
[22]. Other studies demonstrated that in SSc RRI significantly corre-
lated with glomerular filtration rate, progressive worsening of nailfold
video-capillaroscopy (NVC) pattern [23] and a history of digital ulcers
[24]. Moreover, RRI variations over time reflected the clinical evolution
of a case of scleroderma renal crisis [25] Further, RRI could detect
changes in vascular resistance during vasodilating treatment [26]. Al-
though all these data support the use of RRI to detect renal damage in
SSc patients, they were derived from small cohorts and by studies fo-
cussed on vascular and renal function disease features only, not ex-
ploring relationship with skin and fibrotic features as well as prognostic
implication.
The aim of our study was to evaluate the pattern of RRI in SSc pa-

tients in a retrospective observational study. We also investigated the
utility of RRI measurement in clinical practice by studying its de-
terminants and its correlations with clinical, serological and radi-
ological SSc-related features; finally, we analysed the prognostic role of
RRI on organ specific worsening or death in SSc patients.

2. Materials and methods

SSc patients, classified with the 2013 ACR/EULAR criteria [27] or
diagnosed through the Very Early Diagnosis of Systemic Sclerosis cri-
teria [28], attending the Rheumatology Division AOUC of the Uni-
versity of Florence, were enrolled in the study if the RRI measurement
was performed at least once after SSc diagnosis and written informed
consent was given. The study was approved by local IRB. Data were

retrospectively collected from patients' charts as follows: demographics
(age at RRI measurement, gender, height, weight, body mass index),
clinical non SSc features (diagnosis of arterial hypertension, hyperur-
icaemia, diabetes mellitus, hyperlipidaemia, smoking exposure), SSc
clinical manifestations (time from Raynaud's phenomenon onset, time
from first non-Raynaud's symptom, disease subset according to Leroy
and Medsger [1], modified Rodnan skin score -mRSS- [29], VEDOSS
criteria fulfilment, current or previous history of digital ulcer (DU)
[30], telangiectasia, history/diagnosis of pulmonary arterial hyperten-
sion by right heart catheterization (PAH), interstitial lung disease (ILD),
scleroderma renal crisis, arthritis, presence of tendon friction rubs,
gastro-oesophageal involvement, intestinal involvement, presence of
dyspnoea), serological and urinary tests (increase of erythrocyte sedi-
mentation rate (ESR) above local laboratory upper limit of normal,
increase of C-reactive protein (CRP) above local laboratory upper limit
of normal, 24 hours urine protein, NTproBNP, serum creatinine, crea-
tinine clearance calculated with Cockroft-Gault method (creatinine C-
G), positivity for antinuclear antibodies-ANA-, anti-topoisomerase I
antibodies – ATA-, anti-centromere antibodies -ACA-, anti-RNA poly-
merase III antibodies -ARA), radiology and instrumental assessments
(NVC pattern) [31], ejection fraction, estimated systolic pulmonary
arterial pressure (sPAP) and presence of diastolic dysfunction on trans-
thoracic echocardiography, forced vital capacity (FVC), absolute and
corrected for alveolar volume lung diffusion for Carbone monoxide
(DLCO and DLCO/VA) on pulmonary function tests, presence of inter-
stitial lung disease with ground glass opacities, reticulation or honey-
combing on chest high resolution tomography (HRCT), RRI measured
with renal artery echo Doppler, as previously indicated [14]. ILD and
skin involvement were labelled as “fibrotic manifestations”, while di-
gital ulcers, telangiectasias, nailfold capillaroscopy changes and signs of
PAH as “vascular manifestations”.
All patients had also a follow-up evaluation through their last

available visit or the development of clinical-instrumental worsening,
which was defined as one or more of the following outcomes: 1) in-
crease of mRSS>5 units compared to the previous evaluation (as Skin
worsening); 2) development of a new digital ulcer or worsening of NVC
pattern (as Peripheral vascular worsening); 3) decline of FVC > 15%
or FVC < 80% with new appearance of ILD on HRCT or ILD extent
increase indicated by the radiologist (as Pulmonary worsening); 4) new
left heart failure onset requiring medical treatment, new diagnosis of
PAH or new detection of significant ventricular arrhythmia on 24 h
electrocardiogram requiring prompt medical treatment (as Cardiac
worsening); 5) new scleroderma renal crisis onset or creatinine clear-
ance reduction<30ml/min (as Renal worsening) and 6) death.
Statistical analysis was performed with SPSS 20 (IBM-SPSS Inc.,

Chicago, IL, USA): association between categorical variables was tested
with Chi-square test (or Fisher exact test as appropriate), Spearman's
Rho test was used to investigate correlation between non-parametric
variables. Student's t-test was used to compare continuous variables
without compensation for repeated testing. Variables are presented as
mean ± standard deviation or median (inter-quartile range) according
to normal or non-normal distribution, tested through Shapiro-Wilk's
test. In all cases, significance threshold was set to p < .05.
Determinants of RRI values in the SSc population were analysed

through linear regression analysis and multivariate analysis with
backward stepwise approach (probability for entry: 0.05, for removal
0.10). The pathologic values of RRI for newly proposed age-adjusted
cut-off for the SSc were created by dividing our study population into
age quartiles, and then RRI values of each age-quartile were used to
calculate the 75th percentile. This adjusted percentile was considered
as the pathologic cut-off for each age group.
Prognostic evaluation was also made for all abovementioned dis-

ease-related features and both RRI interpretations (linear value as
continuous variable and dichotomic evaluation as pathologic or non-
pathologic), to test their impact in predicting organ worsening or death.
Kaplan Meyer curve and Cox regression analyses were performed for
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survival analysis and multivariate analysis with backward stepwise
approach (probability for entry: 0.05, for removal 0.10) to create a
predictive model for pathologic RRI.
The study was approved by Local Ethical Committee (Comitato

Etico Regionale per la Sperimentazione Clinica della Regione Toscana,
sezione Area Vasta Centro, codice 12350_oss) and patients' signed in-
formed consent was obtained.

3. Results

Out of 460 SSc patients evaluated, 380 were considered eligible for
the study: 323 fulfilled the 2013 ACR/EULAR SSc criteria and 57 ful-
filled the VEDOSS criteria: 12.1% were male, mean age 55 ± 15 years.
Median time since Raynaud's phenomenon onset and from first non-
Raynaud's symptoms were 9 and 4 years, respectively. A large part out
of our SSc population were anti-centromere antibody (195, 51.3%)
positive and presented various clinical features: 305 (81.3%) had cu-
taneous fibrotic involvement, 23 (6.1%) had PAH and 113 (29.7%) had
ILD [while 10 (2.7%) presented both]. Further study population char-
acterization is presented in Table 1.

3.1. RRI distribution in the SSc population

RRI values ranged from 0.50 to 0.89 in the study population, mean:
0.68 ± 0.07. RRI was positively correlated with age (ρ= 0.564,
p < .001) and negatively correlated with creatinine clearance
(ρ=−0.321, p < .001), as expected. Similarly, when considering
extra-renal determinants of RRI, arterial hypertension (p < .001), hy-
peruricaemia (p < .001), diabetes mellitus (p= .001) and

dyslipidaemia (p= .017) were statistically significantly associated with
RRI.
Among SSc-related features, only the presence of either limited or

diffuse skin fibrosis (p= .047) and late NVC pattern (p= .006) were
significantly associated with RRI, while sPAP (ρ= 0.352, p < .001)
and DLCO (ρ=−0.197, p < .001) correlated positively and nega-
tively with RRI, respectively. Despite this result, no statistical difference
in absolute RRI values was reached in regards to presence/absence of
PAH, ILD, DU and no correlation was seen with mRSS values (data not
shown).

3.2. Determinants of RRI in the SSc population

We decided to investigate which was the impact of general co-
morbidities and SSc specific features on RRI values (see Table 2).
At univariate regression analysis, all known RRI determinants in

general population had an impact on RRI in our SSc population
(p= .017 and below), as well as demographic features (age, time from
RP onset and time from SSc diagnosis). Among SSc related features, RRI
value prediction was seen for many vascular items (SRC history, DU
presence/history, PAH diagnosis, sPAP values estimated on Echo),
cardiopulmonary parameters (dyspnoea and %DLCO), presence of
lower gastrointestinal involvement and ACA positivity. When combined
in the multivariate regression analysis, only age (OR 0.002, 95% CI
0.002–0.003, p < .001) and sPAP (OR 0.001, 85% CI 0.000–0.002,
p= .023) were independent predictors of RRI values.

Table 1
Disease features in the study population and their distributions among categories of Age-SSc adjusted pathologic RRI.

Study population (380 pts) Age-SSc Pathologic RRI

Pathologic RRI (131 pts) P value (vs non-pathologic
RRI)

n %

Male gender, (n, %) 43 (12.1) 19 15.7 0.177
Arterial Hypertension (n, %) 127 (33.4) 53 42.4 0.003
Diabetes Mellitus (n, %) 14 (3.7) 6 42.9 0.392
Hyperuricemia (n, %) 27 (7.1) 15 55.6 0.058
Dyslipidemia (n, %) 42 (11.1) 11 26.2 0.581
Skin subset: no skin involvement/limited/diffuse (n, %) 75 (19.7) / 193 (50.8) / 112

(29.5)
7 (5.8)/66(54.5)/48(39.7) <0.001

mRSS (median, IQR) 5 (0−12) 8 (4–16) <0.001
Fulfilment of VEDOSS criteria without other SSc features (n, %) 57 (15.0) 6 5.0 <0.001
History/Current Digital Ulcers (n, %) 148 (38.9) 64 52.9 <0.001
Nailfold Videocapillaroscopy scleroderma pattern (absent/early/active/

late) - missing data 28 patients
33 (8.7)/108 (26.8)/110
(28.9)/107(28.2)

7 (6.3)/24 (21.6)/34 (30.6)/46
(41.4)

0.013

Pulmonary arterial hypertension (n, %) 23 (6.1) 9 7.6 0.489
Telangectasias (n, %) 81 (21.4) 35 48.6 0.017
Systolic PAP on Echo (median, IQR) 27 (22−32) 29 (24.34) 0.002
Diastolic Dysfunction (E/A < 1) (n, %) 120 (31.6) 41 41.4 0.476
Interstitial Lung Disease (n, %) 113 (29.7) 46 38.3 0.016
FVC (%, mean ± DS) 101 ± 21 98 ± 21 0.023
DLCO (%, mean ± DS) 73 ± 19 68 ± 19 0.010
Dyspnea NYHA functional class ≥2 (n, %) 25 (6.6) 48 39.7 0.130
ESR increase (n, %) 103 (27.1) 44 40.7 0.008
CRP increase (n, %) 45 (11.8) 20 18.7 0.086
Scleroderma Renal crisis history, (n, %) 6 (1.6) 4 3.3 0.088
Anti-Centromere antibody positivity (n, %) 195 (51.3) 53 44.2 0.060
Anti-Topoisomerase I antibody positivity (n, %) 137 (36.0) 56 46.7 0.006
Anti- RNA polymerase III antibody positivity (n, %) 20 (5.3) 8 7.2 0.459
NTproBNP (median, IQR) 114 (50–304) 222 (130–361) 0.001
Cockroft-Gault Calculated Creatinine Clearance (median, IQR) 97.8 (80–120) 97 (80–124) 0.822
24-hours urine protein (mg/dl/24 h) 100 (53–125) 105 (80–130) 0.035

CRP=C-reactive protwein; ESR= erythrocyte sedimentation rate; mRSS=modified Rodnan Skin Score; PAP=pulmonary arterial pressure; FVC= forced vital
capacity; DLCO= lung diffusion for carbone oxyde; ESR= erythrocyte sedimentation rate; CRP=C-reactive protein; NTproBNP=N terminal pro-B natriuretic
peptide; NYHA=New York Heart Association, RRI=Renal Resistive Index; VEDOSS= very early diagnosis of systemic sclerosis, IQR= interquartile range.
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3.3. Proposed age-SSc adjusted pathologic cut-offs

As none of the general population comorbidities determinants in-
dependently predicted RRI, we decided to create age-SSc adjusted cut-
offs, as previously explained (Fig. 1 and Table 3).
Hundred-thirty-one (31.8%) patients had a pathologic RRI. When

testing general population determinants, a significant association was
still confirmed with arterial hypertension (p= .003), but not with hy-
peruricaemia, dyslipidaemia, diabetes mellitus or creatinine clearance
(p=NS). On the other hand, patients with age-SSc adjusted pathologic
RRI showed a significantly higher prevalence of fibrotic and vascular
manifestations. In particular, the limited/diffuse skin fibrosis (94.2% vs
81.3%, p < .001) and mRSS (median 8 vs 5, p < .001), history/pre-
sence of DU (52.9% vs 38.9%, p < .001), sPAP values (median 29 vs
27, p= .002), ILD on HRCT (38.3% vs 29.7%, p= .016) and lower FVC

(98 ± 21 vs 101 ± 21, p= .023) and lower DLCO (68 ± 19 vs
73 ± 19, p= .010) were significantly more prevalent in the Age-SSc
adjusted pathologic population. In line with the higher prevalence of
ILD and higher mRSS, Scl70 were also significantly associated with
pathologic RRI (46.7% vs 36.0%, p= .006). Interestingly, only 10.5%
of VEDOSS patients had a pathologic RRI, significantly lower than those
with definite SSc (10.5% vs 35.9%, p < .001).

3.4. Prognostic value of RRI

Data for follow-up were available for all patients, with a mean
follow up close to 3 years (37 ± 27months, median 32months, range
0.3–128months). One-hundred-eighty patients (47.60%) presented at
least one organ system that worsened or death, with peripheral vascular
(17.6%), cardiac (12.6%) and lung (17.4%) being the most frequent
complications.
Higher baseline absolute RRI value showed statistically significant

association with death, cardiac worsening and renal worsening
(p= .001, p= .017 and p= .043 respectively), while no significant
association was found between Age-SSc pathologic RRI and worsening
outcomes (see Table 4).

Table 2
Determinants of Renal Resistive Index in our Systemic Sclerosis population.

Univariate linear regression (OR, 95% CI) p value Multivariate linear regression (OR, 95% CI) p value

Age 0.003 (0.002–0.003) <0.001 0.002 (0.002–0.003) <0.001
Male gender 0.005 (−0.025–0.027) 0.940
Smoke exposure −0.001 (−0.028–0.025) 0.926
Arterial hypertension 0.059 (0.043–0.075) <0.001 0.014 (−0.004–0.032) 0.115
Diabetes Mellitus 0.079 (0.033–0.124) 0.001 0.030 (−0.003–0.063) 0.073
Hyper-lipidaemia 0.029 (0.005–0.053) 0.017 0.001 (−0.028–0.030) 0.952
Hyper-uricaemia 0.049 (0.025.0.072) <0.001 0.019 (−0.006–0.031) 0.009
Time from Raynaud's Phenomenon onset 0.002 (0.001–0.002) <0.001 0.000 (0.000–0.001) 0.235
Time from disease onset 0.002 (0.001–0.003) 0.001 0.000 (−0.001–0.001) 0.590
Very early systemic sclerosis (VEDOSS) patients 0.004 (−0.021–0.030) 0.743
Cutaneous subset: sine scleroderma / limited / diffuse −0.002(−0.016–0.011) 0.729
mRSS 0.000 (−0.001–0.001) 0.626
Anti-Centromere antibody positivity 0.014 (0.001–0.028) 0.041 0.001 (−0.013–0.014) 0.920
Anti-Topoisomerase I antibody positivity −0.008 (−0.022–0.007) 0.304
Sclerodermia Renal Crisis history 0.058 (0.003–0.113) 0.040 0.038 (−0.012–0.089) 0.137
Digital ulcer history/presence 0.023 (0.005–0.040) 0.011 0.010 (−0.006–0.026) 0.229
Nailfold-videocapillaroscopy pattern 0.009 (0.000–0.018) 0.060
Late Nailfold-videocapillaroscopy pattern 0.014 (−0.006–0.033) 0.171
Pulmonary Arterial Hypertension 0.042 (0.005–0.079) 0.026
Systolic PAP on Echo 0.002 (0.001–0.003) <0.001 0.001 (0.000–0.002) 0.023
Telangectasias 0.020 (−0.003–0.043) 0.089
Interstitial Lung Disease 0.003 (−0.017–0.023) 0.758
Dyspnea NYHA class ≥2 0.024 (0.006–0.043) 0.011 −0.005 (−0.019–0.010) 0.535
%FVC 0.000 (0.000–0.000) 0.921
% DLCO −0.001 (−0.001–0.000) 0.028 0.000 (−0.001–0.000) 0.411
Upper GI symptoms 0.004 (−0.014–0.023) 0.642
Lower GI symptoms 0.029 (0.003–0.055) 0.030 0.013 (−0.006–0.032) 0.194
Arthritis 0.021 (−0.004–0.046) 0.092
Tendon friction rubs 0.015 (−0.018–0.047) 0.376
NTproBNP level 0.000 (0.000–0.000) 0.037 0.000 (0.000–0.000) 0.074
Cockroft-Gault Calculated Creatinine Clearance −0.001 (−0.001–0.000) <0.001 0.000 (−0.001–0.001) 0.586
24-hours urine protein level 0.000 (0.000–0.000) 0.002 0.000 (0.000–0.000) 0.922

CRP=C-reactive protein; ESR= erythrocyte sedimentation rate; mRSS=modified Rodnan Skin Score; PAP=pulmonary arterial pressure; FVC= forced vital
capacity; DLCO= lung diffusion for carbone oxyde; ESR= erythrocyte sedimentation rate; CRP=C-reactive protein; NTproBNP=N terminal pro-B natriuretic
peptide; NYHA=New York Heart Association; RRI=Renal Resistive Index; IQR= interquartile range.

Fig. 1. Methodological algorithm for the determination of Age-SSc Adjusted
Renal Resistive Index Pathologic cut-offs

Table 3
Proposed age-SSc adjusted pathologic cut-offs for Renal Resistive Index.

Age (years) Age-SSc adjusted Pathologic RRI

1st quartile ≤49 y ≥0.68
2nd quartile 50–59 y ≥0.70
3rd quartile 60–69 y ≥0.75
4th quartile ≥70 y ≥0.78

RRI=Renal Resistive Index.
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When survival analysis was performed to test the prognostic impact
of RRI in our SSc population, univariate regression analysis showed
statistical significance for both absolute RRI value and Age-SSc adjusted
pathologic RRI in predicting death (HR 2.210 CI95% 1.892–170.210
p < .001 and HR 2.266 CI95% 1.032–4.976 p= .041), while only for
absolute RRI value in predicting cardiac worsening (HR 4.961 CI95%
1.678–527.815 p= .009) and renal worsening (HR 1.432 CI95%
1.102–661.761 p= .026).
Absolute RRI value was confirmed as an independent predictor of

mortality (HR 4.816, CI95% 1.002–2505, p= .048), together with
mRSS, late NVC pattern, presence of ILD and dyspnoea with NYHA
functional class≥2 (see Table 5).
A ROC curve analysis identified RRI value of 0.68 as the best cut-off

to predict mortality (AUC=0.696, 95%CI 0.591–0.801, p= .001),
with 88.5% sensitivity and 50.9% specificity (Fig. 1 shows Kaplan-
Meier survival analysis). For cardiac worsening, male gender was the
strongest independent predictor, together with mRSS and NTproBNP
levels (Online Supplement 1) (Fig. 2).

4. Discussion

Our data show that, in this retrospective hypothesis generating
study, age-SSc adjusted pathologic RRI appears to be a potential marker

Table 4
Prevalence of worsening according to different interpretations of RRI values.

Study population (380 pts) Age-SSc corrected pathologic RRI (131 pts)

n % Mean RRI ± SD p value n % p value

General worsening 180 47.60% 0,69 ± 0,08 0.098 37 51,39% 0,197
Death 26 6.80% 0,71 ± 0,10 0.001 12 9.90% 0.128
Skin worsening 23 6.10% 0,68 ± 0,07 0.875 11 9.10% 0.108
Peripheral vascular worsening 67 17.60% 0,69 ± 0,07 0.367 21 17.40% 0.955
Cardiac worsening 48 12.60% 0,71 ± 0,08 0.017 20 16.50% 0.137
Pulmonary worsening 66 17.4% 0,70 ± 0,08 0.523 20 16.70% 0.775
Renal worsening 16 4.20% 0,72 ± 0,07 0.043 7 5.80% 0.411

RRI=Renal Resistive Index

Table 5
Univariate and multivariate Cox regression analysis for predicting death.

Univariate linear regression – OR (95% CI) p value Multivariate linear regression – OR (95% CI) p value

Age 1.053 (1.017–1.019) 0.001 1.138 (0.989–1.309) 0.071
Male gender 1.081 (0.682–4.855) 0.231
Limited cutaneous subset 0.898 (0.409–1.970) 0.787
mRSS 1.069 (1.027–1.111) 0.001 1.070 (1.007–1.136) 0.028
Anti-Centomere antibody positivity 0.812 (0.370–1.779) 0.602
Anti-Topoisomerase I antibody positivity 1.161 (0.521–2.587) 0.715
RNApolIII positivity 0.046 (0.000–106.669) 0.435
Scleroderma Renal crisis 4.886 (0.655–35.466) 0.122
Digital ulcer history/presence 2.865 (1.265–6.489) 0.012 1.439 (0.422–4.902) 0.189
Late NVC pattern 4.599 (1.855–11.401) 0.001 2.841 (1.007–8.013) 0.048
Pulmonary Arterial Hypertension 4.094 (1.529–10.958) 0.005 1.436 (0.364–5.657) 0.200
Systolic PAP on Echo 1.052 (1.027–1.077) <0.001 1.028 (0.984–1.073) 0.212
Left ventricule ejection fraction 0.975 (0.925–1.029) 0.360
Telangectasias 8.910 (1.975–40.208) 0.004
Interstitial Lung Disease 6.117 (2.613–14.319) <0.001 4.741 (1.848–12.163) 0.001
Dyspnea NYHA class ≥2 7.720 (3.199–18.632) <0.001 5.143 (1.744–15.143) 0.003
Arthritis 1.417 (0.485–4.144) 0.524
Tendon friction rubs 1.121 (0.263–4.761) 0.877
Increased CRP 6.222 (2.453–15.786) <0.001 2.017 (0.623–6.384) 0.233
NTproBNP level 1.001 (1.000–1.001) 0.004 1.000 (0.998–1.003) 0.743
Cockroft-Gault Calculated Creatinine Clearance 0.980 (0.965–0.995) 0.008 0.983 (0.964–1.001) 0.070
24-hours urine protein level 1.004 (1.002–1.006) <0.001 1.002 (0.997–1.007) 0.378
RRI (for 0.01 increase) 2.210 (1.892–170.210) <0.001 4.816 (1.002–2505) 0.048
Age-SSc adjusted pathologic RRI 2.266 (1.032–4.976) 0.041 1.687 (0.188–2.518) 0.571

CRP=C-reactive protein; ESR= erythrocyte sedimentation rate; mRSS=modified Rodnan Skin Score; PAP=pulmonary arterial pressure; ESR= erythrocyte
sedimentation rate; CRP=C-reactive protein; NTproBNP=N terminal pro-B natriuretic peptide; NYHA=New York Heart Association; RRI=Renal Resistive Index;
IQR= interquartile range, NVC=Nailfold videocapillaroscopy.

Fig. 2. Kaplan-Meier curves and estimates of event-free survival in patients
with>= or< 0.68 renal resistive index. (event= death)
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for fibrosis and vasculopathy in SSc. Moreover, increased absolute and
age-SSc adjusted RRI values seems to predict mortality.
In arterial hypertension, diabetes mellitus and hyperuricaemia, RRI

is a useful marker in detecting early renal damage [12]. Conversely in
SSc the daily utility of RRI in clinical practice has not been confirmed so
far, although various population studies with small-medium sample size
reported associations with clinical and instrumental SSc related mani-
festations. Since age-independent fixed or age-adjusted cut-offs have
been previously proposed for the general population, our study shows
that age-SSc adjusted pathologic cut-offs are necessary when evaluating
SSc patients. This was particularly true for our study population, which
is relatively young (55 ± 15 years). This may, in fact, underestimate
the pathology, by using a cut-off determined from an older population
[13].
Our study, in the univariate cross-sectional analysis, confirms the

previously reported associations between RRI and renal function in-
dexes, arterial hypertension, diabetes mellitus, hyperlipidaemia and
hyperuricaemia.
These factors are, in fact, known determinants in increasing vas-

cular stiffness and altering tubular-interstitial renal component that
affect RRI value [12]. In particular, the significantly reduced creatinine
clearance in the subgroup of patients with pathologic high RRI is in line
with previous results, although the whole study population presented
on average a well-preserved renal function (97.8 ml/min/1,73m2) [32].
These preliminary results, supporting the role of RRI as an early renal
damage marker, make RRI measurement feasible and applicable also to
SSc population. In particular, this may be true when SSc is associated
with known cardio-vascular risk factors (arterial hypertension, dysli-
pidaemia).
In other SSc populations, higher RRI values were detected in pa-

tients with a more advanced NVC pattern, and the presence of DU and
PAH [23,33]. Although interesting, no pathologic cut-off was applied in
these small cohorts, nor for prognostication. Our study included a much
larger population of 380 SSc patients, with a wide age and clinical
manifestation range, covering almost all disease-related features.
Our analysis following the creation of age-adjusted cut-offs for the

SSc population was based on the fact that we found an average RRI
value (0.69 ± 0.07) which is very close to the 0.70 general population
pathologic cut-off. When patients were divided into age groups, values
were still significantly higher than the average RRI for the same age of
non-SSc population [14]. As previously reported, these increased values
were not related to time from Raynaud's phenomenon onset or disease
duration [34]. In fact, the initial statistically significant correlation of
disease duration and pathologic RRI was not confirmed when age was
considered. In our cases, we thought that the increased RRI value could
be due to initial interstitial renal fibrosis, present from the earliest
disease phase and mostly not clinically evident in later evaluations
[35]. Autopsy studies reported that fibrotic tubular-interstitial compo-
nent can be associated with vascular hyperplasia, particularly evident
in case of chronic damage due to scleroderma renal crisis [4].
All the background results led us to create age-SSc adjusted patho-

logic cut-offs which turned out to be relatively close to the general
population pathologic value of 0.70. This cut off was also increased
with age, leading to the exclusion of pure age-determined increased RRI
values from being considered pathologic. This new cut-off was not
significantly associated with impaired renal function (creatinine clear-
ance), while significant association was found with fibrotic, cardiac and
vasculopathic SSc manifestations. In particular, the association between
Age-SSc adjusted pathologic RRI and lung involvement was confirmed
both with chest HRCT and functional assessment (FVC and DLCO).
Statistical significance was reached both for limited and diffuse SSc vs
early and sine scleroderma SSc, and for the mRSS quantification of skin
thickening. These two observations support Age-SSc adjusted patho-
logic RRI as a disease-related fibrosis biomarker.
Regarding the vascular involvement, previous associations were

confirmed [23] both for advanced microvascular changes on NVC and

for the presence/history of DU. For the first time, a very strong trend to
significant association with the presence of telangiectasias (p= .017), a
manifestation of the microcirculatory involvement, was also shown.
From the immunological point of view, Age-SSc adjusted pathologic

RRI was associated with ATA positivity, while ACA positivity showed a
trend as protective factor. This result might be expected as the two
specific autoantibodies are usually mutually exclusive: ATA is a typical
marker of diffuse skin involvement with high risk for ILD while ACA
was previously shown as a risk factor for DU [36], but not associated
with pathologic RRI, hypothesising a protective role.
In our study, VEDOSS patients represented 15.0% of the population

and their absolute RRI values were similar to the remaining SSc po-
pulation. On the other hand, the Age-SSc adjusted pathologic cut-off
was present in few VEDOSS patients (10.5% vs 35.9%, p < .001),
being associated with a lower incidence of worsening.
Our data in SSc patients focus the attention on the prognostic role of

RRI in the disease. Despite not being an independent predictor of spe-
cific organ worsening, RRI values were an independent risk factor for
death, together with mRSS (indirectly representing diffuse cutaneous
subset), late NVC pattern, presence of ILD and dyspnoea with NYHA
functional class ≥2. These results are partially in line with the EUSTAR
cohort data where, in a large cohort, the authors identified multiple
predictive factors and proposed a prognostic algorithm [37]. We iden-
tified RRI and late NVC pattern, not included in the previous EUSTAR
analysis, as risk factors for death by all causes in our population. It is
well known that NVC alterations are a marker of the underlying pa-
thogenetic vasculopathic processes [2] and that they are associated
with vascular disease manifestations, such as DU, PAH and SRC [31].
Compared to NVC, RRI represents either the fibrotic and the vasculo-
pathic SSc burden, as we have shown that it was associated with spe-
cific disease features, and could, therefore, be representative for all
possible disease manifestations and for their impact on SSc patients'
mortality.

5. Conclusion

Our study, performed on a large SSc population, proposes RRI as a
marker for vascular and in particular fibrotic manifestation in the
evaluation of both renal and extra-renal involvement. This result is very
close to what is already done in practice with DLCO and sPAP, which
are employed for the initial evaluation of the parenchymal and vascular
lung involvement, respectively. At any time, a pathological RRI value
suggests already a renal, fibrotic and vascular involvement, requiring
further assessments. Consequently, given the negative impact that it has
on mortality, it should be taken into consideration together with the
other known disease specific manifestations and assessments. Further
studies in SSc on the role of renal Doppler ultrasound, in particular
concerning the sensitivity to change and responsiveness to treatment,
are warranted.
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