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Introduction
Among kidney involvement in systemic sclerosis (SSc), 

scleroderma renal crisis (SRC) represents the principal man-
ifestation of kidney damage (1). Reflecting the vasculop-
athy that characterizes SSc, even in the absence of a renal 
crisis, chronic kidney diseases (CKDs) other than renal crisis 
may occur (2); indeed, hypertension, abnormal kidney func-
tion, or proteinuria are found in up to 60% of patients, but 
the majority of this prevalence may reflect other non-SSc 
determinants, such as comorbidities and aging. In addition, 
other renal manifestations such as abnormal glomerular 
filtration and decreased blood flow can be detected using 
sensitive measures of renal function or Doppler studies (3). 

This  review summarizes current knowledge on pathogenesis, 
clinical manifestation, and assessment and treatment of kid-
ney involvement in SSc: we performed a literature search in 
MEDLINE/PubMed and Thomson Reuter’s Web of Science for 
articles published from inception to June 2017.

Pathogenesis and risk factors
The multifactorial pathogenesis of kidney involvement in 

SSc, in particular of SRC, is not completely understood (sum-
marized in Fig. 1). The primary event of kidney damage is an 
injury to the endothelial cells, causing intimal thickening and 
proliferation of intralobular and arcuate arteries. Histopatho-
logic studies and renal plasma flow measurements suggest 
that the vascular intima proliferation leads to the typical vas-
cular “onion bulb-like” lesion, characterized by vessel lumen 
narrowing and resting renal blood flow. In this context, thick-
ened abnormal vessel wall facilitates platelet aggregation, 
adhesion, and platelet factor release; these participate to the 
increased vascular permeability and to the production and 
deposition of extracellular matrix (ECM—i.e. collagen and fi-
brin) that contribute to the luminal narrowing (4). Therefore, 
these modifications reduce renal perfusion, in particular cor-
tical blood flow, with possible subsequent renal ischemia (4).
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An episodic vasospasm of unclear significance, also called 
“renal Raynaud’s phenomenon,” has been demonstrated 
in early SSc patients (5). However, though vascular involve-
ment has a major effect on the development of SRC, several 
authors believe that something more than just a decreased 
blood flow triggers the acute episode of SRC.

The renin–angiotensin system (RAS) is composed of sev-
eral components and membrane receptors; some of them 
have been characterized as responsible for the vascular re-
modeling process occurring after vascular endothelial in-
jury. This system mainly modulates blood pressure (BP) and 
maintains hydro-mineral homeostasis (6). Several authors 
suggested that continually increased local RAS production 
contributes to vascular remodeling, and it has been well doc-
umented that increased levels of angiotensin II elicit several 
dangerous effects on vessel in the context of atheromatous 
diseases (7). A marked increase in peripheral levels of renin, 
at the time of SRC, leading to the onset of malignant hyper-
tension and rapidly progressive renal failure has also been 
demonstrated (8); however, what triggers the acute onset of 
hyperreninemia is not known.

Recent evidences demonstrated that different ECM-de-
rived fragments play a role in the vascular remodeling pro-
cess which is strictly related to endothelial cell (EC) apoptosis 
and ECM degradation. The fragment LG3 of perlecan derives 
from the degradation of a proteoglycan embedded within the 
vascular basement membrane and is released upon others 
from metalloproteinase degradation and interacts with α2β1 
integrins on mesenchymal stem cells (MSC) and fibroblasts, 
resulting in a state of resistance to apoptosis. Binding of LG3 
to α2β1 integrin on EC is able to inhibit angiogenesis. There-
fore, it is conceivable that LG3 may contribute to vascular re-
modeling in conditions associated with EC apoptosis (9).

Although hormonal factors within the kidney, such as cat-
echolamines, kinins, and prostaglandins, were suspected to 
be involved in the pathogenesis of SSc, only few data sustain 
this hypothesis, suggesting that the pathophysiology of SSc 
renal crisis is mostly due to the dysfunction of factors con-
trolling renal circulation (10). Endothelin-1 (ET-1), the most 

potent endogenous vasoconstrictor produced within the 
vasculature (11), is also responsible for proliferation, inflam-
mation, fibrosis, as well as for the development and progres-
sion of CKD (12). ET-1 is produced within the kidney and its 
action is mediated through endothelin-A (ETA) and -B (ETB) 
receptors. In 1991, the evidence provided by Kahaleh (13) 
suggested increased circulating levels of ET-1 in SSc patients 
and in particular in those with severe complications such as 
pulmonary arterial hypertension (PAH) (14). Moreover in 
1999, Kobayashi et al. demonstrated the expression of ET-1 
and ETB in kidney biopsies obtained from two patients died 
of SRC (15). More recently, in order to investigate the role of 
ET-1 in the pathogenesis of SRC, Mouthon et al. (13) com-
pared the distribution of ET-1 in patients affected by SSc with 
SRC with that of other vascular diseases involving the kidney, 
using immunohistochemistry on renal biopsies. The data re-
vealed ET-1 overexpression in glomeruli, arterioles, and in-
terlobular arteries in kidney biopsies from SRC patients (16). 
In 2013, a total of 27 renal biopsy samples from SRC were an-
alyzed to investigate the expression of the two high-affinity 
receptors ETA and ETB: the results were in agreement with 
previous findings by Kobayashi et al. (17) supporting the role 
of the endothelin axis into SRC pathogenic mechanisms.

Genetic studies provided evidences for a deregulation of 
the immune system as a contributing factor in the SSc de-
velopment. In particular, circulating functional autoantibod-
ies targeting vascular receptors and potentially responsible 
of the development of vascular complications have been 
found in SSc patients (18): autoantibodies against ACE2 and 
ETA receptor, in fact, may play a role in different aspects of 
SSc, including SRC (19). An unfavorable prognosis has been 
observed when anti-RNA polymerase III antibodies (anti-R-
NAP-III) coexist with SRC (20). A retrospective analysis from 
nine Italian centers including patients with SRC and contem-
porary available serum sample identified ANA positivity in 
44 patients (96%), anti-topo I antibodies in 30 (65%), and an-
ti-RNAP I–III in 7 (15%). The anti-topoisomerase I reactivity 
was more frequent than anti-RNAP I–III in this study and was 
associated with delayed onset and high mortality rates (21).

In an international observational cohort SRC survey, an-
ti-RNAP-III positivity was detected in about 20% of patients 
(22), and this increased risk association was also confirmed 
by Terras et al. (23). In the Australian Scleroderma cohort 
study, the presence of anti-RNAP-III was associated with 
25% risk of SRC development and was detectable in 59% of 
SRC patients (24). By contrast, different studies concluded 
that anti-RNAP-III antibodies are independently associated 
with SRC development. A systematic literature review and 
meta-analysis to enable comparison with a French cohort 
highlighted the wide variability of anti-RNAP-III positivity 
among patients with SRC, suggesting how patient’s geo-
graphical origin and environmental factors modulate anti-R-
NAP-III positivity prevalence (25). Finally, it was also reported 
that anti-RNAP-III-positive SRC patients are more likely to 
carry genetic polymorphisms of the gene encoding ETA, thus 
suggesting that the ETA-anti-RNAP-III axis could contribute to 
SRC susceptibility (26).

Although these autoantibodies have been recognized as a 
risk factor for the development of renal damage, there is cur-

Fig. 1 - Mediators and processes involved in scleroderma renal 
crisis pathogenesis.
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rently no evidence for their specific role in the pathogenesis 
of SRC; a potential pathogenic role of these autoantibodies 
targeting vascular receptors in SRC is currently under evalua-
tion, and the results applied to PAH could be used as a model 
for SRC (19).

A strong association with specific MHC class I has been re-
cently demonstrated, in particular with HLA-DRB1*0407 and 
*1304 haplotypes. Gene screening studies showed an asso-
ciation of SRC with genes in the complement region. Finally, 
polymorphism in the endothelin ligand receptor axis but not 
in the ACE axis has been associated with increased risk of SRC 
(27).

Interleukin (IL)-9 is a pleiotropic cytokine produced mainly 
by Th9 cells, which is involved in the pathogenesis of differ-
ent autoimmune disorders (28). IL-4, transforming growth 
factor-beta, and the epithelial cytokine thymic stromal lymp-
hopoietin (TSLP) are cytokines involved in the Th9 differenti-
ation process. Accordingly, it has been demonstrated that SSc 
patients have an increased expression of IL-25 and of Th9 po-
larizing cytokines. An overexpression of IL-9 was also found in 
renal biopsy of SRC patients, supporting the hypothesis that 
IL-9 and Th9 cells represent a player in its pathogenesis (28).

In SSc, it has been observed that an inappropriate fibrob-
last activation, accumulation of myofibroblasts in affected 
tissues, and the persistence of their functions are critical 
determinants of the extent and rate of fibrosis, able to sig-
nificantly influence also patients’ prognosis and the overall 
mortality. Recently, the fibroblast-to-myofibroblast transition 
has emerged as another possible cause of fibrosis and deeply 
involved in the pathogenesis of fibrotic diseases and there-
fore of SRC (29). Indeed, fibroblasts are the principal effector 
cells responsible for ECM production and deposition, lead-
ing to the progressive loss of kidney function through renal 
parenchyma disruption (30). Recently, adiponectin, a multi-
functional cytokine that modulates inflammation and metab-
olism, and lipocalin-2, a 25-kDa secretory glycoprotein, have 
been demonstrated to be related to angiogenesis, fibrosis, 
kidney injury, and immunity, playing a potential role in the 
pathogenesis of SRC (31, 32).

Among other possible risk factors, different conditions 
have been analyzed in which renal blood flow is further com-
promised, such as cardiac dysfunction (i.e. congestive heart 
failure arrhythmias, pericardial effusions), anemia, sepsis, 
dehydration, and drug abuse (4, 16, 18, 19); although it is 
not established if these may represent early consequences 
or real risk factors for SRC, they represent useful alerts. It is 
known that chronic use of calcineurin inhibitors is marred by 
several side effects among vascular toxicity. Among them, 
cyclosporine and tacrolimus, which cause vasospasm, have 
been associated with SRC (33) and increase the production of 
proinflammatory cytokines and endothelial activation mark-
ers both in vivo and ex vivo (34).

Corticosteroids (CS) are capable of inhibiting prostacy-
clin production and increasing ACE activity, and this could 
contribute to the pathogenesis of SRC. As of today, in vitro 
studies that evaluate the mechanism underlying the effects 
of the use of CS on the effector cells involved in the vascular 
damage observed in SRC are still lacking; whereas the use of 
CS as a potent risk factor in the development of SRC has been 

evaluated by Steen and Medsger (35) in their retrospective 
case-control study and in several case reports and a system-
atic review (33, 36-38).

Among other SSc-related clinical variables, major risk fac-
tors for the development of SRC include rapidly progressive 
skin disease (39), tendon friction rubs (40), and large joint 
contractures (41).

Clinical presentations
Together with SRC, kidney manifestations of SSc include 

normotensive SRC, isolated reduced glomerular filtration rate 
(GFR), reduced renal functional reserve (RFR), proteinuria, 
microalbuminuria, abnormal renal vascular resistance indices 
(Tab. I), and a clinical picture due to coexistent of myelop-
eroxidase antineutrophil cytoplasmic antibody (MPO-AN-
CA)-associated glomerulonephritis (GN) and vasculitis and 
SSc. Renal involvement may present with different patterns 
(2), and whether some patients might develop is still contro-
versial (3). Most patients with SSc and renal involvement have 
a rapidly progressive or acute onset of renal failure when re-
lated to SRC. Less frequently, renal impairment is secondary 
to extrarenal visceral dysfunction such as SSc heart failure or 
to side effects of medications.

SRC is characterized by the acute onset of severe arterial 
hypertension (often described as accelerated or malignant) 
together with acute kidney injury (5). Penn et al. (17) esti-
mated the frequency of SRC as in 12% of diffuse cutaneous 
systemic sclerosis (dcSSc) patients and 2% of limited cutane-
ous systemic sclerosis (lcSSc) patients, with an odds ratio (OR) 
above 7 for dcSSc, reproducing data from an earlier studies 
(42-44). The reported median duration of SSc at the time of 
SRC was 7.5 months (0–200); 66% within 1 year of SSc diag-
nosis, rising to 86% at 4 years (29, 36). Conversely, lcSSc pa-
tients typically develop SRC later in the disease course (44). 
Avouac et al. (45) reported the characteristics of SSc patients 
presenting who were included in the EUSTAR database up to 
April 2008, and the prevalence of SRC was in 2%, clustered in 
4.2% of dcSSc and 1.2% of lcSSc.

If a patient with SSc has an elevated BP of >150/85 mmHg 
or an increase of ≥20 mmHg from their usual systolic BP 
on two occasions in 24 h, they should be assessed urgently 
with blood tests and urinalysis in suspicion of SRC. If there 
is a significant increase in serum creatinine (either an abso-
lute increase of 26.5 µmol/L or an increase of 50% from the  
baseline value) or urine dipstick shows proteinuria (> 2+) and/
or hematuria 1+, they should be started on an angiotensin-

tABlE I - Reported renal manifestations of scleroderma

Scleroderma renal crisis (5, 17, 42-48)
Normotensive scleroderma renal crisis (49-53)
Myeloperoxidase-antineutrophil cytoplasmic antibody (MPO-AN-
CA)-associated glomerulonephritis and vasculitis (54-56)
Isolated reduced glomerular filtration rate (57)
Reduced renal functional reserve (58-60)
Microalbuminuria and proteinuria (61-63)
Scleroderma-associated vasculopathy manifested by abnormal re-
nal vascular resistance indices and endothelial markers (64-72)
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converting enzyme inhibitors (ACEi) immediately and admit-
ted to hospital for further assessment (46).

To aid early identification of the occurrence of SRC in high-
risk patients, home BP monitoring was recommended twice 
weekly for all patients with dcSSc who are within 4 years of 
diagnosis (47) and targets should be individualized according 
to the patients’ own normal values.

Most patients with SRC complain of non-specific symp-
toms including fatigue and dyspnea. Other typical clinical 
features are those seen in accelerated hypertension of any 
cause: headache, hypertensive retinopathy with blurred vi-
sion, or other encephalopathic symptoms, including seizures 
(48). In addition, there may be evidence of microangiopathic 
hemolytic anemia (MAHA), oliguria, cardiac failure, and 
tachy-arrhythmias. MAHA or intravascular hemolysis is pres-
ent in approximately 50% of cases and is evidenced by re-
duced platelet counts, reduced serum haptoglobin levels, red 
cell fragments, and schistocytes on blood film, together with 
elevated lactate dehydrogenase levels. Pulmonary edema is 
common and reflects the large afterload and oliguria, induc-
ing salt and water retention. Pericarditis, myocarditis, and 
arrhythmias may supervene and may be associated with a 
poorer prognosis (48). However, these findings typically re-
sult from dramatically increased peripheral resistance and 
effective outflow tract obstruction rather than primary myo-
cardial dysfunction. Tachycardia and tachyarrhythmias are 
also seen in this group, which has a high prevalence of con-
comitant myocardial fibrosis. Not all these symptoms needed 
to be present to diagnose SRC, and it can even occur in nor-
motensive patients (44).

Normotensive SRC was defined by a 50% increase in 
serum creatinine over baseline or serum creatinine >20% 
of upper limit of normal and one of the following five fea-
tures: proteinuria >2+ by dipstick, thrombocytopenia 
<100,000 mm−3, hemolysis (defined as anemia not due to 
other causes), and either schistocytes or other red blood 
cell fragments seen on blood smear or increased reticulo-
cyte count or renal biopsy findings consistent with SRC (49). 
Normotensive SRC represent 10% of SRC and are often asso-
ciated with CS exposure, thrombotic microangiopathy, and 
poor prognosis (50). Penn and colleagues (44, 51) suggested 
that this presentation might be more common in patients 
receiving ACEi, although the mechanism by which this occurs 
is not well understood; moreover, SRC can also occur in pa-
tients without skin involvement (52, 53).

Coexistence of MPO-ANCA-associated GN and SSc has 
been reported by several authors, resulting in renal failure 
(54, 55). In contrast to classical SRC, these patients tend to 
have established lcSSc, and the process has a subacute pre-
sentation with normal or mild elevated BP, worsening renal 
failure, active urinary sediment with casts, and proteinuria 
(sometimes in nephrotic range). Disease duration at the on-
set of renal failure is usually much longer in ANCA-related GN 
than in typical SRC (54, 56).

Isolated reduced GFR can be present in SSc despite nor-
mal serum creatinine (57). The principal determinants of cre-
atinine are muscle mass and GFR, and it is well recognized 
that serum creatinine may not be elevated until the GFR is 
less than 50% of normal.

Proteinuria and albuminuria are useful markers of vas-
culopathy and are known to be independent predictors of 
cardiovascular morbidity and mortality in patients with and 
without other vasculopathic diseases, such as diabetes and 
hypertension (61, 62). Seiberlich et al. analyzed urine albu-
min, urine total protein, and urine electrophoresis to assess 
protein excretion in 80 SSc patients and 18 healthy age- and 
gender-matched controls, all with normal GFR. Increased to-
tal protein excretion was seen in 17.5% of SSc patients, and 
albuminuria was identified in 25% (22.5% microalbuminuria 
and 2.5% macroalbuminuria). Albuminuria correlated with 
disease duration >4 years and elevation of systolic BP, sug-
gesting it may be reflective of chronic vascular injury (63).

Assessment
Various different methodologies have been described in 

assessing kidney involvement in SSc (Tab. II), mostly as re-
search tools with a non-specific clinical significance, thus no 
specific recommendation is given regarding routine patient 
assessment. Highly invasive methods, such as angiography 
(73, 74) and scintigraphy, are been replaced by ultrasound 
and biomarkers, for which future research agenda is still open 
and encouraging.

Scintigraphy and RFR

The 99 m-technetium-diethylentriaminepentaacetic acid 
(99 m-Tc-DTPA) renal scintigraphy was first studied in five 
normotensive SSc patients showing that cold challenge was 
able to induce renal vasospasm, identified by a significant 
reduction in 99 m-Tc-DTPA clearance, thus leading to the 
hypothesis of a renal vessel Raynaud’s phenomenon (75). 
Similarly, poor blood perfusion and reduced-to-absent DTPA 
parenchymal uptake were seen in hypertensive SSc patients 
presenting SRC, suggesting a significant loss of renal function-
ality during this life-threatening complication (76).

The 99 m-Tc-DTPA scintigraphy also showed 80% abnor-
mality of RFR in 30 SSc patients without renal involvement 
and regardless creatinine clearance levels, thus leading to the 
possibility of diagnosing preclinical renal involvement also 
in case of normal serum creatinine (58). This is in line with 
previous results from Livi et al. (59) who showed that RFR 
was significantly reduced in SSc patients, in particular if they 
already presented arterial hypertension and reduced basal 
GFR. Moreover, a defective RFR was also significantly predic-
tive for further GFR reduction, development of microalbu-
minuria, and arterial hypertension (60).

Renal function and physiology

Given the high prevalence of preclinical renal involvement 
in SSc, testing for renal functionality should be performed 
as a routine assessment, although this might not represent 
current practice. Back in late 1950s, Urai et al. (77) showed 
that more than 80% of SSc patients had reduced renal plasma 
flow by para-aminohippurate clearance (despite a normal 
creatinine clearance). Plasma renin activity was also found 
increased in SSc patient as an indicator of chronic renal dys-
function, although not paralleled by significant proteinuria or 
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decreased 24 h creatinine clearance (78). These findings sup-
port the vascular nature of renal involvement, mainly located 
at the pre-glomerular arteries; this is further indicated by the 
recent demonstration of decreased values of creatinine clear-
ance having a strong negative correlation with the increasing 
severity of nailfold videocapillaroscopy (NVC) microangio-
pathy and being associated with history of digital ulcers (79).

Although considered a gold standard to determine mean 
GFR, renal scintigraphy is time-consuming and not commonly 
available, thus silver standards such as formulae to calculate 
GFR were created. In SSc patient, while Gigante et al. showed 
significant correlation between scintigraphy-measured GFR 
and CKD epidemiology collaboration equation (CKD-EPI) (80), 
Suebmee et al. confirmed statistically significant correlation 
with CKD-EPI, but also with Cockroft–Gault formula and Mod-
ification of Diet in Renal Disease (MDRD) study equation (81), 
The differences among these results could be possibly related 
to the different population size (41 vs 76 patients), female 
gender prevalence (90.2% vs 65.8%), and age distribution 
(median 46 vs 55).

Other studies have confirmed the high prevalence of sub-
clinical renal impairment in SSc (57) and demonstrated a usu-
ally good prognostic impact on patient survival: in fact, Caron 
et al. showed that abnormal and normal baseline creatinine 
clearance presented a similar annual decline to the general 
population (82). Moreover, Scheja et al. demonstrated that 
this long-term decline was paralleled by new diagnosis of ar-
terial hypertension or SSc-related heart involvement or non
-SRC nephropathies (83).

Ultrasound and Doppler ultrasound

Ultrasound is a non-invasive gold standard for assessing 
kidney and the urinary tract, with the Doppler technique al-
lowing the evaluation of renal arteries and parenchymal vas-
cularization up to the smaller interlobar and arcuate arteries 
(64). Kidney arteries Doppler ultrasound allows the measure-
ment of the renal resistive index (RRI), a semi-quantitative 
index measuring the distal resistance encountered by the 
blood flow (65). Even in the general population, age, renal 
vascular resistances and compliance, parenchymal fibrosis, 
arterial hypertension, arteriosclerosis, diabetes mellitus, 
hyperuricemia, and low-grade inflammation are possible 
determinants of renal vasculopathy or tubule-interstitial ne-
phropathy, thus influencing RRI value (66, 67). Regarding SSc 
patients, Rivolta et al. first showed increased RRI values in 25 
SSc patients compared to healthy controls, being correlated 
with disease duration. More recently, other studies showed 
that RRI has a positive significant correlation with both  
measured and estimated GFRs (69). Moreover, the 

 progression of capillary damage on NVC and history of digital 
ulcers were associated with higher RRI values (69), also pre-
dictive for the development of a new digital ulcer (70). Finally, 
RRI changes in time were also presented as a reflection of the 
patient clinical status: this was presented in a case report of 
SRC treated with ACEi, in which RRI gradually decreased (71), 
and also in a case series of eight patients treated with re-
peated iloprost infusions for 6 months, showing a significant 
reduction of RRI compared to baseline and also compared to 
a chronic nifedipine treatment group (72). Despite these pre-
liminary reports, the usefulness of RRI measurement in SSc 
patients still needs validation.

Renal biopsy

Histopathology studies have been performed in SSc pa-
tients with and without renal involvement, mostly directed at 
further understanding the pathogenetic mechanisms of dis-
ease-related renal impairment. Back in 1978, Lapenas et al. 
(84) compared renal biopsy specimens of SSc versus severe 
arterial hypertension patients: he found that SSc patients 
with recent onset of arterial hypertension had intimal thick-
ening of arcuate and interlobular arteries determining lumen 
narrowing, associated with initial interstitial and adventitial 
fibrosis, which were strong prominent features in longer dis-
ease course. Moreover, deposits of immunoglobulins and 
complement fractions bound to the vascular walls were typi-
cal features of SSc patients, representing an ongoing immune 
process. Subsequently, Trostle et al. compared renal speci-
mens of SSc patients with age- and gender-matched controls, 
identifying different features between CREST syndrome and 
diffuse cutaneous SSc with or without SRC. They showed that 
intimal thickening and consequent luminal occlusion were 
significant only in small arteries of CREST patients, while sig-
nificant in small, medium, and large vessels of diffuse cutane-
ous SSc patients. This was particularly evident for diffuse SSc 
patients with history of SRC, in which intimal thickening was 
mucoid and edematous, compared to fibroelastic and scle-
rotic in the CREST and non-SRC diffuse patients, supporting 
the importance of classifying patients (85). Going into details, 
thrombotic microangiopathy affecting mainly interlobular ar-
teries with fibrinoid necrosis of the vessel wall, mucoid and 
edematous swelling of the intima, and the subsequent “onion 
skin” intimal proliferation are the hallmark of SRC histology. 
Chronic changes also include glomerular involvement, tubu-
lar atrophy, and interstitial fibrosis (86). From a prognostic 
perspective, few studies have investigated the predictive role 
of histopathological changes: Penn et al. (44, 87) first showed 
that myxoid intimal thickening and thrombosis, as acute vas-
cular changes, were associated with worse prognosis, while 
a better outcome was noticed when chronic changes were 
present, although conceptually controversial. First, data re-
garding acute changes were also strengthened by Batal et al. 
(88) showing that the presence/extent of vascular thrombo-
sis, fibrinoid changes, and also severe glomerular ischemic 
collapse and acute tubular necrosis (as secondary modifica-
tions to the acute phase) were predictors of negative renal 
outcomes (such as non-recovering renal failure, necessity for 
dialysis, or renal failure–related death).

tABlE II - Methods of investigation and assessment of kidney 
involvement in SSc

Renal scintigraphy (58-60, 75, 76)
Urine and blood chemistry tests for renal function (77-83)
Ultrasound and Doppler ultrasound (64-72)
Renal biopsy (84-88)
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Biomarkers

Different circulating biomarkers have been studied in the 
recent years, although their usefulness has been only par-
tially proven and validated. For example, a cutoff of 50 AU/
mL was proposed for anti-Annexin V (expressed on various 
cell types, inhibiting prothrombin activity), with higher values 
being significantly correlated with increased RRI (89). Simi-
larly, a 4.7 mg/dL cutoff for serum uric acid was tested as a 
good predictor for increased RRI (90). Soluble T-cell immuno-
globulin and mucin domain 3 (sTIM3) was found to be more 
frequently elevated in patients with history of SRC (91); this 
complication was extensively studied by Chighizola et al. (92) 
identifying N-terminal (NT)-pro hormone BNP (NT-pro-BNP) 
cutoff level of 360 pmol/L as a strong independent predictor 
for necessity for renal supplementation or dialysis (OR = 7.6).

therapy and prognosis
Recent studies suggest a strong association between re-

nal involvement and outcomes in SSc; therefore, it becomes 
mandatory to pay attention to all the markers of renal vas-
culopathy, from a mild renal insufficiency to the most com-
promised forms, for the increased risk of mortality which can 
result in the presence of kidney damage (2). SRC has a severe 
morbidity and high mortality, although the advent of ACEi 
has dramatically changed the survival, turning lung disease 
into the main cause of death in SSc patients: it still remains 
a frequent cause of SSc-related death mostly in dcSSc pa-
tients, and at least half of SRC patients require dialysis, either 
temporary or long term (44). No randomized controlled trial 
has proven the efficacy of ACEi, but they represent the first 
choice of therapy in the management of a hypertensive state 
associated with raised amounts of renin (see Tab. III for sum-
mary of current evidences) (93).

In patients with established SRC, it is mandatory to control 
blood pressure early with increasing doses of ACEi in associa-
tion with other anti-hypertensive drugs, if necessary. In these 
refractory patients and in case of severe renal failure, dialysis 
should be considered, and if the condition does not reverse 
despite aggressive treatment, eligible patients should be con-
sidered for renal transplantation (usually up to 2 years as sug-
gested by evidence and experts, as recovery of intrinsic renal 
function after SRC may occur during a period of 1–3 years) (44, 
94). The prevention of SRC lacks consensus, but CSs and/or ne-
phrotoxic drugs should be avoided in patients with dcSSc (95).

Prior to the late 1970s, only <10% of SRC patients sur-
vived more than 3 months and the therapeutic approach was 
essentially arterial hypertension control (96), peritoneal, or 
hemodialysis plus bilateral nephrectomy or renal transplan-
tation, as suggested by Leroy et al. (97) to increase SRC pa-
tients’ survival rate. The ‘70s could be named the “captopril 
era”’, as first reports demonstrated the beneficial effect of 
ACEi in SRC in terms of prevention of the renal deteriora-
tion, control of BP, and survival prolongation (98, 99). This 
was prospectively confirmed in larger population of SRC pa-
tients followed between 1972 and 1987, showing a fall in 
mortality rate 76% to less than 15% at 1 year and from 66% 
to 10% at 5 years. Successful discontinuation of dialysis was 
possible in 55% of ACEi-treated patients, with older age and 
congestive heart failure being significantly associated with 
poor outcome (42). Within a large dcSSc population includ-
ing 145 SRC, Steen and Medsger demonstrated that 61% of 
SRC patients with renal crisis had good outcomes at 5 and 
10 years, with few patients receiving temporary dialysis and 
more than half discontinuing it in 3–18 months; these data 
led to a conclusive message encouraging the prosecution of 
taking ACEi even after beginning dialysis, aiming at its dis-
continuation (48).

Early SRC diagnosis and aggressive ACEi use were demon-
strated to prevent or even reverse renal failure, reducing SRC 
deaths from 42% to 6% of SSc-related deaths and making 
5-year cumulative survival equivalent to that of patients with 
dcSSc without SRC in case of good SRC outcome (100).

Results in favor of immediate ACEi use also come from 
the studies of Loïc Guillevin et al. (38) though confirming el-
evated early mortality rate. Their results hypothesized that 
ACEi prescription for patients with early dcSSc might con-
tribute to containing SRC occurrence, confirming the piv-
otal importance of prompt anti-hypertensive treatment to 
achieve BP reduction of 10–20 mmHg systolic pressure per 
24 h and stressing the need for establishing new therapeutic 
agents supporting ACEi in steroid-treated patients (43). Re-
garding the prophylactic ACEi use, they showed no benefi-
cial effect against the development of SRC (43). The Interna-
tional Scleroderma Renal Crisis Study Investigators (ISRCS) 
group investigated on the prophylactic use of ACEi: 21% of 
75 SRC cases were exposed to low dose with ACEi prior the 
onset of SRC regardless the indication (Raynaud’s phenome-
non, systemic hypertension, chronic renal insufficiency, and 
prophylaxis because of concurrent CS use, but none of the 

tABlE III - Recommendations from current evidences on the treatment of scleroderma renal crisis

Frequent blood pressure monitoring with target therapy to maintain blood pressure to <130/90 mmHg (avoid β-blockers not to worsen pe-
ripheral vasculopathy)
Early treatment with angiotensin-converting enzyme inhibitors (ACEi) with increasing doses up to blood pressure target
Add other anti-hypertensive (e.g. calcium channel blockers) as needed in refractory patients or consider association with Bosentan (pay at-
tention to possible drug-related fluid retention, optimizable by drug dosing and adding diuretics) in selected patients
In case of severe renal failure and/or end-stage renal disease (ESRD), consider dialysis as required (temporary or permanent but without 
interrupting the administration of ACEi)
Consider renal transplantation in dialysis-dependent eligible patients (usually within 2 years)
Corticosteroids and/or nephrotoxic drugs should be avoided in patients with diffuse scleroderma; use the lowest dose of corticosteroids and 
for the minimum duration if necessary
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subjects were on ACEi as proper prophylaxis for SRC) (22). 
The authors concluded that exposure to ACEi prior to the 
onset of SRC was associated with worse outcomes, in agree-
ment with retrospective data from previous studies (43, 44), 
and that it was associated with less than two-fold increase 
in death at 1 year after the SRC onset, especially in patients 
taking prednisone (for every milligram of daily prednisone, 
the risk of death increased by 4%). Moreover, the rates of 
mortality and dialysis were similar in subjects exposed and 
not exposed to ACE inhibitors prior to the onset of SRC, as 
previously shown (38).

In light of all these data, European League Against Rheu-
matism (EULAR) has been able to draw up evidence-based 
C-level recommendation on the use of ACEi, suggesting im-
mediate initiation of high doses to improve SRC outcome 
and their continuation as long as there is chance for renal 
functional recovery (101). The experts also highlighted that 
published evidence does not support the preventive use of 
ACEi to decrease risk of development or to improve outcome 
of SRC (101).

In search for additional improvement in kidney func-
tion, therapeutic advances for other SSc vascular compli-
cations have been translated to SRC treatment; the ratio-
nal use of ERA (Endothelin-1 receptor antagonists) in SRC 
comes from the experimental data on the endothelin sys-
tem in renal physiology (102): endogenous renal ET mod-
ulates and regulates renal sodium and water excretion, 
blood flow, mesangial contraction, podocyte function, 
and acid/base handling, all relevant in CKD (103, 104).  
Different physiological and pathological factors can  
increase renal ET-1 production, thus promoting renal injury, 
inflammation, and fibrosis (105). Preliminary data from a 
pilot, open-label safety study by Penn et al. (17) measuring 
ET-1 serum levels in 20 healthy controls and 80 SSc with or 
without SRC and performing renal biopsies in the 27 SRC 
patients, showed ET-1 and both ETA and ETB receptors ex-
pression in glomeruli, interstitium, and hallmark vascular 
lesions of SRC. The overexpression of ET-1 in podocytes 
and arterioles, in addition to other known pathological 
findings of SRC, was also reported by Izzedine et al. in a 
short case report, stressing that ET-1 may be considered 
a therapeutic target of this severe vascular injury, as it is 
implicated in the development of vascular smooth muscle 
cells in patients with SRC (116). Despite the encouraging 
preclinical studies (106-109) and the initial enthusiasm 
supporting ERA treatment in those cases with renal disease 
progression under hypertensive as well as normotensive 
conditions, some trials were discontinued and few clinical 
studies had relatively inconclusive or unavailable results, 
thus requiring more data (including access to unpub-
lished), more translational research, as well as outcome 
studies with approachable and defined clinical endpoints 
(109). Data from the interventional open-label ScS-RE-
INBO trial (NCT01241383), exploring safety and efficacy of 
Bosentan on renal function in patients with SRC at 6 and 
12 months, have been presented during the 2017 Meet-
ing of the American College of Rheumatology. Despite the 
expectations, it was not possible to draw conclusions re-
garding kidney and patients’ survival. Bosentan was well  

tolerated, and no serious adverse effects requiring drug 
withdrawal was observed (105). A well-designed study 
named ZEBRA (phase II, randomized and placebo-con-
trolled; NCT02047708) is ongoing to assess safety, toler-
ability, and efficacy of adding Zibotentan (a selective ETA 
antagonist) to conventional treatments in adult patients 
with renal disease secondary to SSc. This three-part study 
involves patients with mild or moderate kidney disease 
(ZEBRA-1), patients who experienced SRC not requiring di-
alysis (ZEBRA-2A), and patients who had SRC and are on di-
alysis (ZEBRA-3). Soluble vascular cell adhesion molecule-1 
(sVCAM1) is also tested as biomarker of renal involvement 
in scleroderma in the three patient cohorts (110).

SRC is often treatment controlled, although up to 50% of 
patients get to end-stage renal disease (ESRD) and may still 
require long-term peritoneal dialysis, hemodialysis, and/or 
transplantation. Cozzi et al. reported that 55% of SRC pa-
tients developed ESRD after 1 year on ACEi. The survival rate 
was 70% and 50% at 1 and 5 years, respectively, increasing 
to 90% at 1 year and 70% at 5 years in a subgroup of pa-
tients treated with plasma exchange in addition to ACEi be-
cause of concomitant MAHA or intolerance to high doses of 
ACEi (111). Chronic dialysis condition engraves on mortality 
rate in SRC (48), in particular for longer disease duration 
and older ages (22), with higher impact than kidney trans-
plantation (112). Cumulating hemodialysis and transplan-
tation, however, patients’ survival was shown to be worse 
than overall dialysis and transplanted non-SSc population, 
with 20% 5 years of survival in Europe and 33% 3 years of 
survival in the United States (113, 114). Conversely, consid-
ering only kidney transplantation in a French multicenter 
study, patient survival was 100%, 90.3%, and 82.5% in 1, 3, 
and 5 years, respectively, while death-censored graft sur-
vival was 97.2% after 1 and 3 years and 92.8% after 5 years. 
Interestingly, cardiac and gastrointestinal involvements 
worsened after kidney transplantation in 45% and 26% of 
cases, while pulmonary involvement was an independent 
risk factor for post-transplantation death (115).

Conclusion
Although there are different possible SSc-related kid-

ney complications, the majority of pathogenetic and treat-
ment-oriented studies focus on SRC, obviously given its huge 
impact on patient morbidity and mortality. Once the treat-
ment of this threatening condition will be managed compre-
hensively and optimally, treatment of chronic renal function 
impairment and the added value of kidney Doppler ultra-
sound should be the main research area on this topic, as hav-
ing high impact on the SSc population and promising role as 
outcome measure.
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