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Abstract
Introduction: Systemic sclerosis (SSc) is a chronic autoimmune disease characterized by mi-
crovascular damage and fibrosis of the skin and internal organs. The major complications are 
lung fibrosis, pulmonary artery hypertension, scleroderma renal crisis, and cardiac involve-
ment. Objective: The aim of this study was to assess renal and cardiac involvement in asymp-
tomatic SSc patients using renal Doppler ultrasound (RDU) and cardiac magnetic resonance 
(CMR). Materials and Methods: We enrolled 26 consecutive SSc patients (21 female) accord-
ing to 2013 ACR/EULAR criteria. Biochemical analysis, clinical evaluation, RDU with intrarenal 
hemodynamic parameters (renal resistive index [RRI], pulsatility index [PI], systolic/diastolic 
[S/D] ratio), and CMR with late gadolinium enhancement (LGE) were investigated at the time 
of enrollment. Results: The median PI value was significantly (p = 0.007) higher in SSc patients 
with LGE than in SSc patients without LGE (1.37 [1.28–1.58] vs. 1.12 [1.06–1.26]). The median 
RRI value was significantly (p = 0.002) higher in SSc patients with LGE than in SSc patients 
without LGE (0.68 [0.65–0.73] vs. 0.64 [0.63–0.65]). The median S/D ratio was significantly (p = 
0.02) higher in SSc patients with LGE than in SSc patients without LGE (3.12 [2.83–3.76] vs. 2.78 
[2.64–2.84]). Conclusions: Our study, although performed on a small SSc population, showed 
RRI and LGE as markers of vascular and fibrotic damage. Early detection of cardiorenal in-
volvement in SSc patients without symptoms is important to avoid further complications.
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Introduction

Systemic sclerosis (SSc) is an autoimmune disease characterized by endothelial 
dysfunction and fibrosis of the skin and internal organs [1]. The hallmark of the disease is 
Raynaud phenomenon (RP) that manifests as vasospastic attack generating chronic hypoxia. 
Internal organ complications are common in SSc patients and often remain asymptomatic 
until the late stages of disease. The major complications are lung fibrosis, pulmonary artery 
hypertension (PAH), scleroderma renal crisis (SRC), and cardiac involvement. In the past, 
before the introduction of angiotensin-converting enzyme (ACE) inhibitors, kidney 
involvement was the most frequent cause of death due to SRC [2]. To date, renal complica-
tions due to SSc are frequently reported as reduced glomerular filtration rate (GFR), 
proteinuria, antiphospholipid-associated nephropathy, myeloperoxidase-antineutrophil 
cytoplasmic antibody-associated glomerulonephritis, and high intrarenal arterial stiffness 
[3]. Cardiac involvement is characterized by fibrosis, conduction system abnormalities, and 
myositis but is also associated with other organ complications, such as PAH and SRC [4]. The 
presence of renal and cardiac involvement in SSc is often underestimated depending on the 
methods used. The aim of the study was to assess renal and cardiac involvement in asymp-
tomatic SSc patients using renal Doppler ultrasound (RDU) to evaluate intrarenal arterial 
stiffness and cardiac magnetic resonance (CMR) with late gadolinium enhancement (LGE).

Materials and Methods

We recruited consecutive SSc patients admitted to the Scleroderma Unit of the Department 
of Translational and Precision Medicine according to 2013 ACR/EULAR criteria [5]. Disease 
subset according to LeRoy et al. [1] and modified Rodnan skin score [6] were also collected. 
Clinical assessment, biochemical analyses, RDU, and CMR were recorded in all patients at the 
time of enrollment. Patients with PAH, heart failure, cardiac arrhythmias and conduction 
disorders, interstitial lung disease, hypertension, diabetes mellitus, dyslipidemia, valvular 
heart diseases, coronary artery disease, chronic kidney injury, glomerulonephritis, abnormal 
urinalysis, hepatic or thyroid dysfunction, and anemia were excluded. 

At the time of the study, all SSc patients were undergoing treatment with calcium channel 
blockers (nifedipine 30 mg/day), and the therapy was discontinued 72 h before the CMR and 
RDU.

None of the patients were treated with immunosuppressive agents or corticosteroids at 
an equivalent dose of prednisone ≥10 mg/day, β-blockers, antiarrhythmic drugs, ACE inhib-
itors, or angiotensin receptor antagonists. 

The subjects’ written consent was obtained according to the Declaration of Helsinki, and 
the study was conducted in agreement with the local ethics committee’s directives. 

Cardiac Magnetic Resonance
CMR imaging was performed with a 1.5-T unit (Magnetom Avanto; Siemens Healthcare 

GmbH, Erlangen, Germany) using an 8-channel phased-array coil and vectocardiogram trig-
gering. LGE imaging was performed between 10 and 15 min after the second bolus injection 
of contrast agent using a segmented T1-weighted phase-sensitive inversion recovery pulse.

Renal Doppler Ultrasound
Toshiba Aplio Ultrasound System SSA-790 equipped with a convex 3.5-MHz probe was 

used to obtain images for intrarenal parameters. In each patient, renal resistive index (RRI), 
pulsatility index (PI), and systolic/diastolic (S/D) ratio were measured on the lateral paren-
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chyma of the kidney, at the interlobar/interlobular arteries directed towards the probe 
without angle correction [7]. 

RRI was measured as (peak systolic velocity – diastolic velocity)/peak systolic velocity. 
PI was calculated as (peak systolic frequency shift – minimum diastolic frequency shift)/
mean frequency shift (Fig. 1).

Statistical Analysis
The results were expressed as medians and ranges. Commercial software (SPSS version 

25.0) was used for statistical analysis. The coefficient of kurtosis was used to evaluate the 

Fig. 1. Renal Doppler ultrasound 
with velocity maximum, renal re-
sistive index, pulsatility index, 
and systolic/diastolic ratio.

Patients, n 26
Age, years (median and CI) 42 (38–47)
Female, n 21
lcSSc/dcSSc 10/16
mRss (median and CI) 13 (11–18)
BMI, kg/m2 22±2.9
CKD-EPI, mL/min 103 (89–111)
Proteinuria, mg/24 h 98 (76–143) 
NVC: early, n (%) 6 (23)
NVC: active, n (%) 10 (38.5)
NVC: late, n (%) 10 (38.5)
DUs, n (%) 16 (61.5)
PI (median and CI) 1.28 (1.21–1.38)
RRI (median and CI) 0.65 (0.64–0.68)
S/D (median and CI) 2.84 (2.75–3.12)
IVS, mm 8.8 (8–9.2)
LGE, n (%) 16 (61.5)

Values are medians (ranges) unless otherwise indicated. lcSSc, 
limited cutaneous SSc; dcSSc, diffuse cutaneous SSc; mRss, modified 
Rodnan skin score; BMI, body mass index; NVC, nailfold 
videocapillaroscopy; DUs, digital ulcers; PI, pulsatility index; RRI, renal 
resistive index; S/D, systolic/diastolic ratio; IVS, interventricular 
septum thickness; LGE, late gadolinium enhancement.

Table 1. Characteristics of the 
SSc patients
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normal distribution of data. Group comparisons were made by Kruskal-Wallis test. Fisher’s 
exact test was used to compare categorical variables. p values < 0.05 were considered signif-
icant.

Results

We included 26 SSc patients of whom 21 (81%) were female. The clinical characteristics 
are shown in Table 1. Sixteen (61.5%) patients had diffuse cutaneous SSc and 10 (38.5%) had 
limited cutaneous SSc. The median value of interventricular septum thickness was 8.8 (8–9.2) 
mm. No statistically significant difference (p < 0.05) regarding interventricular septum 
thickness was observed between SSc patients with and without LGE (8.5 [8–10] vs. 9 [9–10] 
mm). LGE was present in 16 (61.5%) SSc patients. The median value of eGFR was 103 (89–11) 
mL/min. The median value of proteinuria was 98 (76–143) mg/24 h. No statistically signif-
icant difference (p < 0.05) in proteinuria was observed between SSc patients with and without 
LGE (95 [8–150] vs. 99 [80–141] mg/24 h). The median values of intrarenal stiffness param-
eters were the following: maximum velocity 35.7 (33.6–37.5) cm/s, RRI 0.65 (0.64–0.68), PI 
1.28 (1.21–1.38), and S/D ratio 2.84 (2.75–3.12). Figure 2 shows the correlation between RRI 
and maximum velocity. The median value of PI was significantly (p = 0.007) higher in SSc 
patients with LGE than in SSc patients without LGE (1.37 [1.28–1.58] vs. 1.12 [1.06–1.26]). 
The median value of RRI was significantly (p = 0.002) higher in SSc patients with LGE than in 
SSc patients without LGE (0.68 [0.65–0.73] vs. 0.64 [0.63–0.65]). The median value of the S/D 
ratio was significantly (p = 0.02) higher in SSc patients with LGE than in SSc patients without 
LGE (3.12 [2.83–3.76] vs. 2.78 [2.64–2.84]) (Fig. 3). Table 2 shows the differences between 
SS patients with and without LGE and renal Doppler findings.

Discussion

Our data showed that intrarenal parameters and LGE could be diagnostic markers of 
fibrosis in asymptomatic SSc patients. It is well known that renal scleroderma-associated 
vasculopathy is characterized by abnormal RRI [8] and endothelial markers [9]. In the absence 
of SRC or other acute conditions, such as glomerulonephritis and associated vasculitis, the 
vascular renal involvement in SSc has a benign course [3] and correlates with GFR, digital 

Fig. 2. Correlation between renal 
resistive index (RRI) and maxi-
mum velocity.
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ulcers [10], and impaired autonomic activity [11]. In scleroderma, RRI is a useful marker to 
evaluate endothelial dysfunction in several damaged organs [12–14].

Bruni et al. [7], in a large cohort of 380 SSc patients, showed that RRI was an independent 
risk factor for death in association with skin involvement, lung fibrosis, dyspnea, and late 
scleroderma pattern. Thus, they concluded that RRI appears to be a potential marker of 
fibrosis both for renal and systemic involvement. Several studies have been conducted in 
renal tissues from autopsies, finding vascular involvement with increased intimal thickening 
in SSc patients compared to healthy controls, while luminal occlusion was observed in patients 
with the diffuse cutaneous subset of the disease and SRC. Furthermore, nonocclusive fibrosis 
in small renal arteries was observed in SSc patients without SRC [15]. 

In the past, left ventricular mass and RRI have been reported as early diagnostic markers 
in cardiorenal syndrome type 5 due to scleroderma [16]. Although SSc is a systemic disease, 
cardiac involvement is often underestimated due to the methods used. Also, some symptoms 
related to cardiac complications are often attributed to pulmonary or esophageal involvement 

Fig. 3. The median value and confidence interval of pulsatility index (PI) (a), renal resistive index (RRI) (b), 
and systolic/diastolic (S/D) ratio (c) in SSc patients with late gadolinium enhancement (LGE) and without 
LGE.

Table 2. Differences between SSc patients with and without LGE and renal Doppler findings

LGE No LGE p value

RRI (median and CI) 0.68 (0.65–0.73) 0.64 (0.63–0.65) 0.002
PI (median and CI) 1.37 (1.28–1.58 1.12 (1.06–1.26) 0.007
S/D (median and CI) 3.11 (2.84–3.76) 2.78 (2.64–2.84) 0.02

LGE, late gadolinium enhancement; RRI, renal resistive index; PI, pulsatility index; S/D, systolic/diastolic 
ratio.
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[4]. Myocardial fibrosis has been reported in > 50% of autopsy studies representing the path-
ological hallmark. CMR with LGE is considered a noninvasive tool in detecting myocardial 
fibrosis. Gargani et al. [17], in a large cohort of SSc patients, found early cardiac involvement 
using CMR. LGE was detected in 56 of 201 patients and correlated with ventricular 
arrhythmias. 

RP is the hallmark of SSc, promoting chronic hypoxia, microvascular dysfunction with 
collagen deposition in the tissue, and consequent fibrosis [18]. In patients with SSc, the 
hypoxia secondary to RP vasospasm enhances renal and systemic vasoconstriction, increasing 
intrarenal hemodynamic parameters, such as RRI, PI, and S/D, and reducing renal longitu-
dinal diameter and parenchymal thickness. Subsequently, interstitial fibrosis and cortical 
microcirculation dysfunction lead to glomerulosclerosis [19]. Several studies have already 
demonstrated that RRI represents a systemic marker of vascular damage and fibrosis [7, 20] 
and is a predictor of cardiovascular risk [21, 22]. Except for SRC, kidney involvement in SSc 
is subclinical and is associated with vascular damage. Since high RRI is related to vascular 
involvement, further assessments are needed to better evaluate complications due to the 
disease. In SSc, a pathological RRI showed a negative impact on mortality, and for this reason, 
it should be taken into consideration in association with other systemic complications, such 
as cardiac involvement. 

Conclusions

Our study, although performed on a small SSc population, showed an association between 
RRI and LGE. CMR with LGE and RRI are noninvasive, nonradiating methods to timely detect 
cardiorenal involvement in SSc, and it could be useful to add them in the routine evaluation. 
Early detection of pathological findings in asymptomatic SSc patients is important to avoid 
further complications and allows specific therapy.
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