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KEY POINTS

� Scleroderma renal crisis is a rare complication of systemic sclerosis (SSc) that remains
severe.

� Prompt recognition and initiation of therapy with an angiotensin-converting-enzyme inhib-
itor offer the best chance to achieve a good outcome.

� SSc prevalence is poorly known, with disparities among countries.
INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue disease involving multiple organs char-
acterized by excessive collagen deposition, autoimmunity, vascular hyperreactivity,
and obliterative microvascular phenomena.1 Vascular injury can manifest as Raynaud
phenomenon, digital ischemia, pulmonary arterial hypertension, or scleroderma renal
crisis (SRC).2

Before the late 1970s, SRCwas rarely described,3 occurring in 8.3% of one series of
SSc patients,4 and was responsible for the deaths of 10.5% in another study.5 Inter-
stitial lung disease and pulmonary arterial hypertension are now the 2 main causes of
SSc-related deaths, with SRC developing in 5% of the patients, mainly those with
diffuse cutaneous SSc (dcSSc).
Routine use of angiotensin-converting-enzyme inhibitors (ACEIs) has dramatically

improved outcomes, with a 12-month decline in mortality from 76% to less than
15% in the United States.6 Despite the improved prognosis, SRC remains a severe
SSc manifestation, and functional outcome and survival remain poor: 65% at
5 years.5–7 For the recent series, 5-year survival was 60%.8 Herein, SRC epidemi-
ology, main characteristics, outcomes, and treatments are reviewed.
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DEFINITION

SRC is a rare SSc manifestation that presents as new-onset accelerated hypertension
or rapidly deteriorating renal function, frequently accompanied by signs of microan-
giopathic hemolysis.9 Clinical symptoms comprise headaches, signs of encephalop-
athy, sometimes seizures, and stroke. Hypertensive retinopathy with perturbed
vision and blurring is frequent. Fever, malaise, and poor general condition are usual.
Some patients develop pulmonary edema because of salt and water retention, some-
times with oliguria. Myocardial involvement, pericarditis, and rhythm disturbances are
associated with poor outcomes.6 Despite the absence of arterial hypertension, plasma
creatinine is, nevertheless, increased in some patients. Microangiopathic hemolytic
anemia and thrombocytopenia are common and contribute to making the diagnosis.10

EPIDEMIOLOGY
Prevalence

SSc prevalence is poorly known, with disparities among countries. Based on available
series, prevalence is 200 cases per million inhabitants in the United States,11 260
cases per million inhabitants in Australia,11,12 20 to 50 cases per million inhabitants
in Asia,13 and 100 to 200 cases per million inhabitants in Europe.14,15

Because the series came from referral centers in which the most severe cases are
concentrated, the published data probably overestimate SRC frequency. Most patients
alsohave limited formsofSSc,without visceral involvement,whichare followed inoutpa-
tient clinics and are not included in hospital series. As stated above, SRC was more
frequent in the 1970s, reaching 19.5% in one series,16 when ACEIs were not available.
At present, SRC occurrence is estimated at 4% to 6% of SSc patients,17,18 predomi-
nantly those with dcSSc. According to classification criteria, SRC was more frequent
in dcSSc (12%) than limited cutaneous (lc) SSc (2%) (P<.001) in a single center.10

Predictive Factors

Some factors predicting SRC have been described.19 SRC usually occurs less than
4 years after SSc onset and is more frequently associated dcSSc: the SSc-to-SRC in-
terval was less than 1 year for 66% of the patients according to Penn and colleagues10

and 3.2 years in the present study.8

Anemia, recent cardiac involvement (eg, pericardial effusion, myocarditis with or
without congestive heart failure, rhythm and conduction disturbances), and the pres-
ence of anti-RNA polymerase III antibodies are signs that SRC could occur, and the
use of corticosteroids (CSs; prednisone dose >15–20 mg/d) is a risk factor. In the au-
thors’ study,8 more SRC patients had taken CSs before or concomitantly with SRC
onset than SSc patients without past history of SRC used as controls: 64 (70.3%)
versus 156 (36.5%) (P<.001), respectively; treated SRC patients had received signifi-
cantly more CSs than controls (mean � SD: 29.3 � 28.4 vs 3.6 � 9.9 mg, respectively;
P<.001). In their case-control study, Steen and Medsger20 also found that exposure to
high-dose CSs (�15mg/d of prednisone or its equivalent) during the 6months preced-
ing SRC onset or the first medical consultation was more frequent among SRC pa-
tients than controls (36% vs 12%). Thus, CSs might play a role in triggering SRC. In
line with those data, high-dose CSs should be avoided in patients at risk of SRC. In
addition, SRC onset after cyclosporin has been reported.
Pre-existing hypertension, proteinuria, elevated serum creatinine,

antitopoisomerase-1 (Scl-70), or anticentromere antibodies and histologic abnormal-
ities in renal blood vessels before SRC onset have not been shown to be associated
with an increased SRC frequency.
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SRC may also develop in kidney-transplant recipients in the context of SSc end-
stage renal disease.21 SRC predictors have been identified and include early native
renal function loss following SSc onset, and the clinical markers usually associated
with severe disease, like progression of diffuse skin thickening, anemia, and cardiac
manifestations.

PATHOPHYSIOLOGY

SRC pathophysiology is incompletely understood,22 and pathogenic mechanisms are
multiple, complex, and interconnected.

Blood-Flow Reduction

The primary cause remains unknown but starts in the renal vascular intima, causing
narrowing of vessel lumens and reduced blood flow.23 Local vasoconstriction, resem-
bling “Raynaud phenomenon,” participates in the decreased renal perfusion.24

Indeed, a higher SRC frequency observed in winter in a large series could support
that hypothesis.4 Cortical blood flow was significantly decreased in patients with
SRC or progressive renal failure, whereas it was normal in SSc patients without renal
involvement.25 However, Doppler ultrasonography and renal scintigraphy, which can
measure blood flow, failed to identify patients at risk for developing SRC.25,26 The
presence of onion bulbs around the vessels in kidney biopsies could reflect the under-
lying intimal involvement.

The Renin-Angiotensin-Aldosterone System Involvement

Among other mechanisms, activation of the renin-angiotensin-aldosterone system
plays a major role.27 The renovascular process is responsible for arterial hypertension.
Plasma renin is extremely high, and juxtaglomerular apparatus hyperplasia has been
found at autopsy.28 As for every cause of renovascular arterial hypertension, hormone
levels are elevated but not correlated with its severity or SRC occurrence.19,29

Endothelin

Among SSc symptoms, SRC can be considered part of the renal vasculopathy, along
with other clinical manifestations: pulmonary arterial hypertension, Raynaud phenom-
enon, digital ulcers. Endothelin-1 (ET-1) has been shown to be involved SSc vascular
manifestations.30–32

Higher circulating ET-1 levels were documented in SSc patients with SRC and in
those with pulmonary arterial hypertension.33,34 Several authors detected the expres-
sion of ET-135 and ET-1 receptors A and B in kidney biopsies of patients with SRC.34,35

Because vascular changes and hyperreninemia may be present in asymptomatic
SSc patients, additional factors are probably involved in triggering SRC. Thus, several
other factors responsible for reduced renal blood flow (eg, sepsis, dehydration, car-
diac arrhythmia, and congestive heart failure)19 might trigger SRC onset. In addition,
the role of pregnancy per se is debated.36,37

Drugs

Many substances (eg, cocaine38) and drugs, including cyclosporin39 and CSs,20,40–42

have been implicated in precipitating SRC. In a case-controlled study, during the
6 months before SRC onset or to the first consultation, high-dose CSs (prednisone:
�15 mg/d) were taken significantly more frequently by SRC patients (36%) than con-
trols (12%) (odds ratio [OR]: 4.37).20 The authors recently reported on a cohort of 91
SSc patients who developed SRC: 70% of them had been exposed to CSs before
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SRC and 56 were taking CSs at the time of SRC onset.8 In another personal study, the
respective ORs for developing SRC associated with CS exposure during the preced-
ing 3- or 1-month periods were 24.1 and 17.4, respectively.42 Helfrich and col-
leagues40 also observed an association between high-dose CSs (>30 mg/d) and
normotensive SRC. CS responsibility in SRC occurrence now seems to be estab-
lished, even though CSs were mainly prescribed for severe dcSSc, a condition favor-
ing SRC.
The mechanism by which CSs might trigger SRC has not yet been clearly identified.

ET-1 might be involved, because elevated circulating ET-1 levels were documented in
SSc patients with SRC and those with pulmonary arterial hypertension.33,34
CLINICAL FEATURES

The main clinical characteristics of patients experiencing SRC reported in published
cohorts are listed in Table 1.8,10,41,43 Most patients, around 90%, are hypertensive,
and symptoms of malignant hypertension are usually observed. Clinical signs are hy-
pertensive encephalopathy with headache, congestive heart failure, and arrhythmia.
Table 1
Main clinical and biological manifestations of scleroderma renal crisis

Manifestation Steen,9 2003
Walker
et al,43 2003

DeMarco
et al,41 2002

Penn et al,10

2007
Guillevin
et al,8 2012

Number of patients 145 16 18 110 91

Mean age, y 50 54 45 51 50

Sex, % men 25 31 17 21 24

Symptoms <4 y, % 76 69 100 66 (<1 y) 79 (<3 y)

dcSSc, % 83 100 100 78 86

AntiScl-70
antibodies, %

20 6 NR 17 31

Anticentromere
antibodies, %

1 0 NR 1.8 0

Hypertension, % 90 94 NR NR 86

Blood pressure,
mm Hg

184/108 203/113 130/76 193/114 189/111

Pericarditis, % 53 NR NR NR 38

Cardiac
insufficiency, %

25 56 39 31 46

Arrhythmia, % NR NR NR NR NR

Seizures, % 8 12 NR NR NR

Hypertensive
encephalopathy, %

NR NR NR NR 58

Thrombotic
microangiopathy, %

30 81 NR 59 56

Platelet count
<150,000/mm3, %

39 NR NR 50 NR

Hematuria, % 38 NR NR NR 42a

Proteinuria, % 63 (>0.25 g/d) NR NR NR 53 (>0.5 g/d)

Abbreviation: NR, not reported.
a Hematuria documented with dipstick or urinalysis.
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Hypertensive encephalopathy is characterized by acute or subacute onset of lethargy,
fatigue, confusion, headaches, perturbed vision (blurring and exceptionally blindness),
and seizures. It is extremely severe but has the advantage of contributing to the diag-
nosis of SRC. Brain hemorrhage is even rarer. Seizures can be focal or generalized.
Congestive heart failure is a common consequence of arterial hypertension. Some pa-
tients may have substantial pericardial effusion. Pulmonary hemorrhage has been
described and can be life-threatening in some patients.44,45

Normotensive Scleroderma Renal Crisis

SRC occurs in 11% to 14% of the patients without hypertension,8,40 even though
some patients develop arterial hypertension later.10 Patients developing normotensive
SRC are often exposed to CSs; two-thirds of them have thrombotic microangiopathy,
and their prognoses are worse than when hypertension is present.40,42

Distinguishing between SRC with microangiopathy and thrombotic thrombocyto-
penic microangiopathy usually associated with anti-ADAMTS-13 antibodies is impor-
tant because their treatments differ. SSc is the direct cause of thrombopathic
microangiopathy46 and is not linked to these autoantibodies. In this setting, assess-
ment of von Willebrand factor protease-cleaving activity might help differentiate these
2 entities.47 In SSc/SRC, the ADAMTS-13 level is lower than in controls.48

Scleroderma Renal Crisis Sine Scleroderma

SRC can occur in patients without skin sclerosis, usually during the year following dis-
ease onset.49,50 Clinical features are recent onset of Raynaud phenomenon, fatigue,
weight loss, polyarthritis, swollen hands, carpal tunnel syndrome, and tendon-
friction rubs. After a few months of evolution, the skin on the hands and fingers
thickens, and thickening spreads proximally to arms, legs, and trunk.

Pregnancy and Scleroderma Renal Crisis

Whether the risk of SRC is increased during pregnancy remains a matter of debate.37

Indeed, it is sometimes difficult to distinguish pre-eclampsia from SRC in pregnant
SSc patients. Importantly, renal function is usually normal in pre-eclampsia. Elevated
liver enzymes may orient the diagnosis toward eclampsia or HELLP (hemolysis,
elevated liver enzymes, low platelets) syndrome.
For patients with a history of SRC, there is a tendency to consider pregnancy con-

traindicated. However, it is difficult to offer a global recommendation, and a patient-
tailored strategy is probably required. Thus, for a woman with normal renal function
and controlled hypertension, pregnancy may probably be attempted. However,
whether ACEIs, which are contraindicated during the second and third trimesters of
pregnancy, should be interrupted remains a matter of debate.

Differential Diagnosis

SRC is not the sole cause of renal insufficiency or renal involvement. Based on the se-
ries by Steen and colleagues16 of 675 SSc patients, 19.5% developed SRC, 48% had
no renal involvement, and 29% experienced other-cause kidney involvements.
Atherosclerosis is one of the causes of renal involvement, which could become
more frequent in the future as a consequence of patient aging. No specific manifesta-
tions of SSc-associated atherosclerosis have been reported.
Not coincidentally, antineutrophil cytoplasmic antibody (ANCA) -associated vascu-

litides (AAVs) have also been observed during the course of SSc. Few studies have
investigated the presence and role of ANCA in SSc. The frequency of ANCA positivity
in SSc patients with renal manifestations, assessed by immunofluorescence (IF) or
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enzyme-linked immunosorbent assay (ELISA), ranged from 0% to 11.7%.51–58 Anti-
myeloperoxidase (MPO) antibodies are present more often in SSc patients with renal
vasculitis than those directed against proteinase-3. Ruffatti and colleagues59 conduct-
ed a prevalence study using IF and ELISA (antiproteinase 3 [PR3] and anti-MPO)
screening tests and found p-ANCA in only 5 of 115 SSc patients, with anti-PR3 anti-
bodies in 2 patients, anti-MPO antibodies in 1 patient, and both antibodies in 2 pa-
tients. Quéméneur and colleagues57 reviewed 9 personal and 37 literature cases;
lcSSc was the main subtype, with an immunologic profile marked by a high frequency
of antiScl-70 antibodies. Based on their literature review, Rho and colleagues60 had
previously suggested that anti-Scl-70 antibodies could play a role in SSc patients
developing AAVs and be a significant predictor of such events. However, SSc was
not more severe when associated with AAVs. AAVs were diagnosed a mean 8.1 years
after SSc. Twenty-eight percent of patients received D-penicillamine for a median of
5.5 (range: 0–24) years. Seven of the 46 patients were taking D-penicillamine at the
time of AAV diagnosis. D-Penicillamine, like other mechanisms, may therefore play a
role in AAVs occurring in SSc, as in other diseases.61 The final diagnoses were micro-
scopic polyangiitis (27/46), renal limited vasculitis (18/46), and others (1/46). Most of
the previously reported AAV cases associated with SSc were described as normoten-
sive renal failure. In 1989, Helfrich and colleagues40 described 15 SSc patients
with normotensive renal failure who frequently showed signs of hemolytic anemia
and thrombocytopenia; notably, 6 patients with alveolar hemorrhages were
thrombocytopenic.
Among other differential diagnoses, renal arterial stenosis at onset can closely

resemble SRC. Hypovolemia caused by dehydration in patients with gut involvement,
taking diuretics or nonsteroidal anti-inflammatory drugs (NSAIDs), in cardiac failure, or
with arrhythmia, can also mimic SRC.
Nephrotic range proteinuria can also be due to NSAID toxicity. Finally, in a prospec-

tive observational study, Steen and colleagues16 observed that only 5% of 675
patients with dcSSc had unexplained renal abnormalities over a mean follow-up of
12.5 years.

Laboratory Findings

Serum creatinine can be markedly increased at SRC onset. Even after controlling
blood pressure, serum creatinine can continue to increase for several days. Urinalysis
frequently shows moderate proteinuria (0.5–2.5 g/L). Microscopic hematuria, often
detected by dipstick, could also correspond to hemoglobinuria in most patients.
Thrombotic microangiopathy, defined as hemolytic anemia and thrombocytopenia,

occurs in 43% of SRC patients. Thrombocytopenia is usually moderate, greater than
50,000 platelets/mm3 for most patients, and frequently returns to within the normal
range once blood pressure is controlled.
Antinuclear antibodies are common. Anti-Scl-70 antibodies, detected in 36% of a

large Italian patient series,62 were found more frequently in dcSSc (58.6% in that se-
ries) and were not predictive of SRC. Anti-RNA polymerase-III antibodies are rarely
present in the French SSc population.63 They have been detected almost exclusively
in early dcSSc, notably with rapidly diffuse skin progression,64 and 33% of anti-RNA
polymerase-III-positive patients will develop SRC.65 Lower anti-Scl-70 and anticentro-
mere antibody frequencies contrasted with higher anti-RNA polymerase-III frequency
in SRC patients. In the authors’ series of 91 patients,8 anti-RNA polymerase-III anti-
bodies were sought in 18 and detected in 27% (29.7% in another series from their
group).66 In the Teixeira study,42 anticentromere antibodies were found in none of
the SRC patients and anti-Scl-70 in were found in 32% of SRC patients.
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Anticentromere antibody positivity does not totally preclude SRC, but they are found in
only 1% to 3% of SRC patients,8,67 making its occurrence improbable.
Thus, when anti-RNA polymerase-III antibodies are present, the potential for SRC

should be kept in mind.

Renal Pathology

A persisting major question concerns the necessity and advantages of obtaining a
renal biopsy. The authors think that it could be recommended but is certainly not
essential. For patients in poor general condition whose clinical and biological profiles
are typical, biopsy is not needed or can be delayed until the patient’s health status
improves. However, renal biopsy offers some advantages: exclusion of differential di-
agnoses, diagnosis confirmation, and evaluation of prognosis based on kidney histol-
ogy.10,68 For atypical forms, renal biopsy becomes mandatory to confirm SRC
diagnosis. For some patients, renal biopsy should be obtained only after blood pres-
sure is controlled, giving clinicians the time to decide whether to biopsy. When throm-
bocytopenia is severe, renal biopsy should not be performed or can be done through
jugular vein catheterization.
The histologic lesions are vascular, glomerular, tubular, and interstitial.

Vessels
The ischemic process can be responsible for renal infarcts and subcapsular hemor-
rhages.69 Lesions are similar to those observed in malignant hypertension (ie, predom-
inantly affecting intralobular arteries and arterioles). Arcuate arteries can also be
involved. Larger arteries are normal or exhibit nonspecific anomalies. Vessel-wall
modifications concern the endothelium, with mucoid intimal thickening and myointi-
mal cellular proliferation without inflammatory cells. The mucinous intimal change
mostly consists of glycoprotein and mucopolysaccharides. Fibrinoid deposits and,
sometimes, fibrinoid necrosis may be seen in the arterial wall, mainly in the intima,
without vasculitis, resulting in vessel-lumen narrowing and occlusion.70 In some pa-
tients, the presence of arteriolar fibrinoid necrosis or thrombosis indicates thrombotic
microangiopathy. Notably, unlike lesions encountered in malignant hypertension
without SSc, the media of interlobular arteries are often thinned and surrounded by
periadventitial and adventitial fibroses.

Glomeruli
Glomerular changes are common, usually focal, but glomeruli can be normal or
ischemic with flocculus retraction. The juxtaglomerular apparatus is clearly seen
and may be hyperplastic, reflecting its hyperactivity, causing hyperreninemia that
can occur during SRC.28 Immunoglobulin (Ig) and complement deposits are not spe-
cific; IgM, IgG, IgA, C3, or C1q may be detected in small arteries, arterioles, glomeruli,
or mesangium. However, it is important to note that many of these histologic changes
can also be observed in SSc patients who do not develop SRC or in patients with
malignant hypertension without SSc.

Tubular and interstitial lesions
Ischemia can affect the tubular epithelium, causing acute multifocal tubular necrosis.
Interstitial lesions are nonspecific.

Outcomes and Prognoses

SRC outcomes reported for the largest published series are detailed in Table 2. Before
the 1980s and the advent of ACEIs, SRC almost always resulted in renal failure and
death, usually within months. The use of ACEIs has dramatically improved SRC
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Table 2
Outcomes of scleroderma renal crisis

Parameter

Steen &
Medsger,6

2000

Walker
et al,43

2003

DeMarco
et al,41

2002
Penn et al,10

2007

Teixeira
et al,42

2008
Guillevin
et al,8 2012

Number of patients 145a 16 18 110 50 91

Dialyzed patients, % 62 31 NR 64 56 54

Temporarily, % 23 6 NR 23 16 22

Permanently, % 19 25 NR 42 22 78b

Died on dialysis, % NR NR NR 18 18 44

Dead at 5 y, % 19c 31 50 41 31 60

Abbreviation: NR, not reported.
a All patients were treated with ACEIs.
b Permanently dialyzed or died.
c Early deaths.
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prognosis.6 Steen andMedsger6 reported good outcomes for 60% of the patients who
participated in the largest prospective observational cohort study to date,71 with 15%
1-year mortality for those not given ACEIs.71 Conversely, among 76% of those pa-
tients who had received ACEIs andwere alive at 1 year, only 10% survived at 5 years.71

Penn and colleagues10 reported 1-, 2-, 3-, 5-, and 10-year survival rates of 82%, 74%,
71%, 59%, and 47%, respectively. In the authors’ study,8 respective 1-, 2-, 5-, and
10-year survival rates for SRC patients were 70.9%, 66.6%, 60%, and 41.9%.
Steen and colleagues6,71 identified risk factors associated with poor outcomes:

male sex, older age, congestive heart failure, serum creatinine greater than 3 mg/dL
at treatment onset, and greater than 3 days required to control blood pressure. The
survival rate was lower for dialyzed patients versus no dialysis, and patients whose
renal function improved and came off dialysis had better outcomes than those who
were dialyzed and those never dialyzed (Fig. 1).10 Dialysis is usually required early,
at SRC onset, and much less frequently for patients developing SRC later on. How-
ever, the severity of the glomerular ischemic process can be responsible for progres-
sive renal function deterioration, affecting 4%, according to Steen and Medsger.6

Finally, according to the recent prospective international study,72 36% of SRC pa-
tients had died by 1 year, which is higher than had been found in retrospective ana-
lyses.8,10 Thus, retrospective studies probably missed incident SRC cases, and
future prospective SSc investigations will provide better understanding of the natural
history of SRC onset and its real outcomes.
Overall, however, it is important to note that the long-term outcomes of patients who

survived the first year of SRC not on dialysis are somewhat better.

Treatment

SRC treatment combines drug treatment and management of severely ill patients in
intensive care units or renal departments. Over the long term, treatments include
not only managing end-stage renal failure, dialysis, and transplantation, but also the
general care of severe dcSSc. SRC patients are usually in poor general condition
and often have SRC sequelae that can be difficult to handle.

Drugs
ACEIs are the main SRC treatment. Before the widespread use of this family of drugs,
outcomes were poor and mortality was high.71 Angiotensin II (ATII) -receptor inhibitors
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Fig. 1. Survival after SRC by renal outcome: no dialysis (—), dialysis and recovery of
renal function (– – –), or dialysis without recovered renal function (- - -). (From Penn H,
Howie AJ, Kingdon EJ, et al. Scleroderma renal crisis: patient characteristics and long-term
outcomes. QJM 2007;100(8):490; with permission.)
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have also been proposed. For unexplained reasons, responses to ACEIs or ATII-
receptor inhibitor are not good in all patients,43,73 perhaps reflecting heterogeneity
of genetic polymorphisms in SSc patients,74 but that has not been evaluated in
patients with and without SRC.
ACEIs must be prescribed to all SSc-SRC patients, even those with impaired renal

function. A short-acting ACEI is recommended (eg, captopril at 6.5 to 12.5 mg every
8 hours). The dose can be progressively increased, until blood pressure normalizes
and renal function improves. Treatment goals are blood pressure control and
improved renal function. Up to half of the patients require dialysis. Once an ACEI
has been started and is effective, renal function usually stabilizes. Other antihyperten-
sive drugs can be added to an ACEI if SRC does not respond to treatment. Vasodila-
tors, like calcium-channel blockers, are the drugs of choice. b-Blockers should not be
prescribed, except to patients with cardiac insufficiency, where they can improve car-
diac function. Labetalol can be prescribed.
In SRC patients with normal blood pressure, an ACEI can also be prescribed but

careful blood pressure, volemia status, and renal function monitoring is necessary.
Adjunct therapy with continuous low doses of prostacyclin has been recommen-

ded,18 without strong evidence that it improved short- and long-term SRC prognoses.
Plasma exchange, which has been proposed for thrombotic microangiopathy, has not
demonstrated efficacy and should not be prescribed, with the exception of the rare
SRC patients who might develop thrombotic microangiopathy associated with anti-
ADAMTS-13 antibodies (Mouthon and colleagues, unpublished data).
Based on ET-1 detection in the kidney biopsies of SRC patients, ET-receptor

blockers were combined with an ACEI and recently found to have acceptable
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tolerance in a small, open study.75 Serum ET-1 was elevated in SRC patients,
compared with healthy controls (P<.0005), and ET-1 and ET-1 receptors A and B
were strongly expressed in the biopsied SRC patients.75 Additional prospective
studies are needed to document the efficacy of anti-ET-1 receptor antagonists com-
bined with an ACEI during the acute phase of SRC in a larger patient cohort, with close
follow-up, particularly for intermediate- and long-term effects. In this setting, the au-
thors are conducting a prospective multicenter open study, ReinBO, on 16 SRC pa-
tients taking an ACEI for 6 months in whom they are analyzing the effect of
concomitant ET-1 receptor antagonist bosentan on SRC outcome.
CSs are contraindicated and cytotoxic drugs have not been proven effective as SRC

treatment.

Dialysis and transplantation
Long-term dialysis increases the risk of death. Independently of the underlying dis-
ease, dialysis increases the risk of infection (in patients undergoing peritoneal dialysis)
and, over the long term, enhances the risk of atherosclerosis and vascular diseases. In
patients on chronic dialysis, kidney transplantation has to be considered. The final de-
cision to transplant should not be made before 2 years after SRC onset. For a series of
260 SSc patients who underwent renal transplantation in the United States, their
5-year graft-survival rate was 56.7%.21 In that study, the risk of SRC recurrence
was higher for patients with early renal insufficiency following SRC onset. Recurrent
SRC in the allograft may be predicted by the same previously described risk factors.21

For those with recurrent SRC, the time of onset following transplantation is not known.
Recurrence usually happens within the first few months to the first 1 to 2 years after
transplantation.21

Prevention

Montanelli and colleagues76 recently reported their retrospective analysis of 410 SSc
patients with disease duration less than 5 years whose risk of developing SRC was
sharply reduced for those prescribed calcium-channel blockers. The use of prophy-
lactic ACEIs remains a matter of debate, because some SSc patients developed
SRC while taking these agents.18,42,77 Usually, patients given an ACEI for SRC
continue this treatment with no recommendation to stop it. ACEIs have been proposed
to treat other vascular manifestations in SSc patients. They provided no benefit
against Raynaud phenomenon or digital ulcers in the QUINS trial (quinapril)78 that
was conducted on patients with lcSSc or Raynaud phenomenon associated with anti-
nuclear antibodies. The use of an ACEI/ATII-receptor antagonist before SRC was
associated with somewhat poorer outcomes in retrospective studies on dialyzed pa-
tients.10,42 Analysis of pooled data from those 2 studies yielded an OR of 2.4 (P5 .059;
c2 5 3.64).10 Thus, whether a low-dose prophylactic ACEI protects against SRC or
leads to increased risk of more severe SRC remains a matter of controversy. In a
recent, prospective, observational, Web-based cohort study on 88 patients with inci-
dent SRC, including 13 lost to follow-up, 18 (24%) had received an ACEI immediately
before SRC onset. According to unadjusted analyses, ACEI exposure before SRC
onset was associated with an increased risk of death (hazard ratio 2.42, 95% CI
1.02–5.75; P<.05 in the primary analysis and 2.17, 95% CI 0.88–5.33; P 5 .09 after
post-hoc adjustment for pre-existing hypertension). However, as stated by the inves-
tigators, the wide confidence intervals, indicating considerable uncertainty around the
precise magnitude of the risk and the possibility of residual confounding, remained
important limitations.72 Those results need further confirmation, ideally from a ran-
domized controlled trial on a large sample of patients.
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SUMMARY

SRC is a rare complication of SSc that remains severe. Prompt recognition and initi-
ation of therapy with an ACEI offer the best chance to achieve a good outcome. Never-
theless, 5-year mortality remains unacceptably high, and other therapeutic strategies
are needed to improve the prognosis.
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