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Abstract

The kidney is frequently involved by autoimmune rheumatic diseases. The renal manifestations may be variable, ranging
from asymptomatic proteinuria and microscopic haematuria to nephrotic syndrome and rapidly progressive glomerulone-
phritis or vasculitis. In a number of cases the kidney involvement is related to the treatment of the original disease and may
represent a major cause of morbidity and mortality. Thus, it is important for nephrologists and rheumatologists to remember
that dysfunction of the kidney may be part of the primary systemic disorder or consequence of its pharmacotherapy. In the
first part of this review we will analyse the kidney involvement in four autoimmune connective tissue diseases: systemic
lupus erythematosus, Sjogren syndrome, polymyositis/dermatomyositis, and systemic sclerosis. Renal disease is common in
lupus and is a main cause of morbidity and mortality. About 10% of patients with Sjogren syndrome may present interstitial
nephritis or, more rarely, glomerulonephritis. Myoglobinuria and acute kidney injury is a frequent complication of polymy-
ositis. Renal disease is one of the most serious complications of systemic sclerosis and may present with a dramatic renal

crisis, characterized by malignant hypertension, oligo-anuria, and microangiopathic thrombocytopenic anaemia.
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Many rheumatologic diseases may have important renal
manifestations that may present with microscopic haema-
turia, proteinuria, hypertension, acute kidney injury (AKI),
or chronic kidney disease (CKD). In a number of cases
the kidney involvement may be extremely severe and life-
threatening. The pathogenesis is extremely variable and may
depend on the rheumatic disease or on the drugs used in
these instances. In the last few years, the clinical presenta-
tion, the prognosis and the treatment of renal disorders in
rheumatologic diseases is changed and the physiopathology
of kidney involvement and original disease have been better
elucidated.

In this review we report an updated review of renal
involvement in systemic autoimmune connective diseases
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including systemic lupus erythematosus (SLE), Sjogren syn-
drome, polymyositis and dermatomyositis (PM,DM), and
systemic sclerosis (SS).

Lupus nephritis (LN)

Kidney involvement is common in patients with SLE and
is usually called lupus nephritis. LN is initiated by the
glomerular deposition of immune complexes including
circulating anti-nuclear, anti-C1q, and cross-reactive anti-
glomerular autoantibodies. Recent studies employing laser
microdissection of glomeruli and/or of single cells from
tubulointerstitial areas followed by elution and characteriza-
tion of renal antibodies by proteomics allowed a significant
progress in definition of renal autoimmune components in
human lupus biopsies and sera. The innovative approach
highlighted different panels of autoantibodies deposited in
glomeruli and in tubulo-interstitial areas [1]. [gG2 was the
major isotype; new podocyte proteins (x-enolase, annexin
Al) and already known implanted molecules (DNA, histone
3, Clq) were their target antigens in glomeruli [2]. Vimentin,
is an intermediate filament protein expressed in mesangial
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matrix. Epitopes of native vimentin are antigenic and may
be involved in several autoimmune disease. Anti-vimentin
antibodies are often associated with therapy-resistant LN
[3]. Matching renal autoantibodies with serum allowed the
definition of a typical autoantibody serum map of LN that
included the same anti-a-enolase, anti-annexin Al, anti-
DNA, and anti-histone 3 IgG2 already detected in renal
tissue. Anti-histone 3 and anti-a-enolase IgG2 levels had
the most remarkable increase in LN serum and represented
a discriminating feature of LN versus SLE without renal
involvement and rheumatoid arthritis. Serum levels of these
specific autoantibodies were tenfold increased in patients
with lupus nephritis allowing a clear differentiation from
both rheumatoid arthritis and other glomerulonephritis [4].

These immune complexes can access the whole glomeru-
lus and can deposit in subendothelium or subepithelium.
Immune deposits may trigger the complement cascade, or
may activate intrinsic glomerular cells inducing the release
of inflammatory chemokines and cytokines [5]. Subendothe-
lial lesions cause endothelial injury and through a direct
contact between endothelial and mesangial cells [6] can
cause proliferative lesions that can be amplified by several
mechanisms, including toll-like receptors 7 and 9 activa-
tion, dendritic cells maturation and endothelin-1 secretion.
Instead, subepithelial deposits cause podocyte and glomeru-
lar basement membrane injury but both mesangial cells and
podocytes have limited regenerative capacity and their loss
is associated with glomerulosclerosis. On the other hand,
tubulointerstitial inflammatory cells include mature myeloid
and plasmacytoid dendritic cells. These may recognize cell
debris as danger associated molecular pattern and may pre-
sent them as autoantigens to the quiescent cells of the adap-
tive immunity. Activated T cells proliferate and differentiate
in Thl and Th17. The cooperation between T cells and B
cells can promote B cells to differentiate into plasmacells
with production of autoantibodies to renal antigens [7]. Plas-
macytoid dendritic cells can also stimulate the production
of interferon-a which has a critical role in inflammation and
contributes to many of the immune system alterations that
characterize SLE to the tissue manifestations of disease [8].

An emerging aspect in the development of LN is the role
of protective autoantibodies including the recently identified
anti-PTX3 antibodies [9]. PTX3 is an acute phase protein
involved in opsonization of invading pathogens and/or apop-
totic cells with an overall anti-inflammatory activity under
physiological conditions. However, in case of extensive tis-
sue damage, e.g., ischaemia—reperfusion injury, or in pres-
ence of an exaggerated burden of exposed antigens, PTX3
may be shifted towards a pro-inflammatory phenotype result-
ing in an uncontrolled complement activation and inflamma-
tion [10]. Accordingly, PTX3 deposition was observed in
kidneys of patients with LN where it correlated with the
extent of fibrosis and proteinuria [11], while anti-PTX3
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antibodies were inversely associated with LN occurrence
in both patients and lupus models. Indeed, immunization
with PTX3 dampens production of nephritogenic antibodies
and ameliorates disease in lupus nephritis models. Notably,
it has been shown that PTX3 is preferentially deposited in
glomerular electron dense deposits [12].

The clinical manifestations of LN varied from asympto-
matic urinary abnormalities to nephrotic syndrome, nephritic
syndrome and rapidly progressive renal insufficiency. The
histological lesions are extremely variable too. According
to the revisited classification of LN [13], LN histology is
classified as minimal or mesangial proliferative LN (class
I or II), focal or diffuse proliferative LN (class III and IV),
membranous LN (class V) and advanced sclerosis LN (class
VI). In a number of cases a combination of class III or IV
with class V can occur. Other histological pictures triggered
by SLE or its treatment may include lupus podocytopathy,
thrombotic microangiopathy, acute tubulo-interstitial nephri-
tis. The positivity for antipospholipid antibodies (aPL Abs)
may aggravate the outcome of LN. It is often associated
with thrombotic microangiopathy or vascular complications.
In this setting, ap2GPI-D1 antibody detection might pro-
vide a second-line assay to be performed in ap2GPI posi-
tive patients with LN, allowing more accurate stratification
of the renal vascular involvement risk [14]. Anti-aPL Abs
may also play a role in the damage caused by proliferative
LN. In a study LN patients positive for aPL. Abs had lower
serum complement C3 and C4 levels and higher intensity of
C1q deposition in kidney tissue than aPL antibody negative
proliferative LN patients [15].

The prognosis of Class I and II is good unless there is a
transformation into more severe class; class III and IV had
a course punctuated by renal or extra-renal flares alternating
with periods of quiescence. When untreated or undertreated,
particularly when associated with class V, most patients with
proliferative LN progress to ESRD or die within few years
from clinical onset. The natural course of Class V may be
slowly progressive with about 50% of patients developing
end stage renal disease (ESRD) if not treated appropriately.
Although class I and II in the great majority of cases present
with only asymptomatic proteinuria and microhaematuria
and proliferative forms (Class III and IV) tend to present
with the most severe clinical presentation (nephritic syn-
drome or rapidly progressive renal disease), renal biopsy
is very useful in patient with signs of renal involvement
[16] since in most cases, clinical, serological or laboratory
tests cannot accurately predict renal biopsy findings [17].
Although any decision should always be taken by consider-
ing the clinical conditions of the patient, there are no doubts
that repeat renal biopsy may represent an useful tool to eval-
uate the response to therapy, to modulate the intensity of
treatment, and to predict the long-term renal outcome both in
quiescent lupus and in flares of activity (Fig. 1). The value of
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Fig. 1 Class IV lupus nephritis: glomeruli with segmental extracapil-
lary proliferation, global endocapillary proliferation and subendothe-
lial deposits

renal biopsy in patients without clinical renal manifestations
is debated. Except for few reported cases of class III and IV
diagnosed without clinical renal manifestations who had a
worse outcome, in all the other biopsies of patients with the
so-called silent LN, class I and II are diagnosed.

In the last few years, several changes occurred in the
clinical presentation of LN. More cases with mild clinical
involvement are diagnosed in comparison to the past. This
is probably due to a more diffuse use of LN markers, such
as proteinuria, urine sediment, serum creatinine [18-20].
By reviewing our own experience, in 71 patients with LN
diagnosed 1969 and 1989, the clinical presentation was
characterized by urinary abnormalities in 28% of cases, by
nephrotic syndrome in 30%, nephritic syndrome in 27% and
rapidly progressive glomerulonephritis in 15%. Instead, in
131 patients with LN diagnosed between 2000 and 2015,
the number of cases presenting with urinary abnormalities
increased to 54% of cases, nephrotic syndrome reduced to
23%, nephritic syndrome to 18% and rapidly progressive
glomerulonephritis to 5% [21]. Despite changes in clini-
cal presentation, the distribution of the histological classes

Table 1 The present landscape of lupus nephritis

did not change between the two periods, the proportion of
patients with class III and IV was similar [22].

Compared to the past a number of complications or new
treatments may cause renal disease in SLE patients. A sub-
stantial and increasing proportion of kidney pathology might
not directly relate to LN but instead might be explained by
non-immune mediated factors such as diabetes, hyperten-
sion, and obesity [23]. The presence of anti-phospholipid
antibodies can cause thrombosis at any level of kidney vas-
culature [24]. Drugs currently in use such as quinolones,
antiviral agents, proton pump inhibitors (PPI), and especially
non-steroidal anti-inflammatory agents( NSAIDs) can cause
kidney injury nowadays [25-27], while in the past the most
frequent nephrotoxic drugs were captopril, aminoglycosides,
radiocontrast agents or amphotericin B which are now used
with more caution.

The prognosis of LN is progressively improved over the
time [21, 28]. This was recently confirmed in a large mul-
ticentre study [29]. The analysis of the outcome of 499 LN
patients diagnosed from 1970 to 2016 demonstrated a pro-
gressive and significant increase in patient age at LN diag-
nosis, and a longer time between SLE onset and LN devel-
opment. The frequency of renal insufficiency at the time of
LN presenation progressively decreased and that of urinary
abnormalities increased. No changes in histological class
and activity index were observed, while chronicity index
significantly decreased from 1970 to 2016. The 10-year
survival without end-stage renal disease (ESRD) improved
from 87% between 1970 and 1985 to 94% between 1986
and 2001 and to 99% between 2002 and 2016. At multivari-
ate analysis, male gender, arterial hypertension, absence of
maintenance immunosuppressive therapy, increased serum
creatinine, and high activity and chronicity index were inde-
pendent predictors of ESRD.

Treatment of LN is also changed in the last years
(Table 1). The complications of immunosuppressive ther-
apy- including infections, osteoporosis, cardiovascular dis-
ease and reproductive effects -impaired the life expectancy
and the quality of life of many patients with LN. In the
induction therapy, the high- dose intravenous (iv) pulses of
cyclophosphamide have been replaced by low-dose pulses

The clinical presentation of lupus nephritis is changed at least in Caucasians patients. Compared with the past, more patients have now asympto-
matic urinary abnormalities and less patients present with renal insufficiency or rapid progression

The renal prognosis is considerably improved and the causes of ESRD have changed in the last years. In many cases renal function deterioration
is not caused by lupus nephritis per se but by comorbid diseases, such as hypertension, diabetes, infections. related to SLE or its treatment

In induction treatment the doses of intravenous methylprednisolone pulses (MPP) and intravenous cyclophosphamide have been lowered. In
many cases cyclophosphamide is replaced by mycophenolate salts and/or MPP are substituted with Rituximab. Cyclophosphamide may be
given by mouth instead of intravenously. Maintenance treatment is based on low-dose prednisone associated with either azathioprine (less
expensive) or mycophenolate (more effective). Cyclosporine or tacrolimus are useful in patients with persistent proteinuria. Ancillary treat-
ment with belimumab or hydroxychloroquine may spare the use of corticosteroids. The immunosuppressive treatment may be progressively

tapered until complete withdrawal
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[30] or by oral administration [31]. A meta-analysis showed
that in comparison with iv cyclophosphamide, tacrolimus
could significantly increase complete remission, serum
albumin level and decrease urine protein [32]. Rituximab
has been frequently used to reduce the use of corticoster-
oids both in induction therapy and in frequently flaring or
persistent active LN [33]. Although the randomized phase
III trial in patients with class III and IV LN, failed to dem-
onstrate the superiority of Rituximab over standard therapy
in improving the clinical outcome at 1 year [34], targeting
B cell and reducing autoantibody production represents a
promising therapeutic approach in LN, particularly in dif-
ficult cases [35].

In the maintenance phase, mycophenolate mofetil (MMF)
allowed to avoid the long-term use of cyclophosphamide
and proved to be superior than azathioprine in maintaining
renal response [36]. Low-dose cyclosporine proved to be
safe and effective in reducing proteinuria [37, 38], but there
is no data about the long-term effects of cyclosporine [39].
Voclosporin is a novel calcineurin inhibitor, a trans isomer
of cyclosporine,which possesses most of the beneficial effect
of the drug. In a recent randomized trial in lupus the addition
of low-dose voclosporin to mycophenolate mofetil and cor-
ticosteroids for induction therapy of active LN resulted in a
superior renal response compared to mycophenolate mofetil
and corticosteroids alone, but higher rates of adverse events
including death were observed [40]. Although not seen on
trials, in real life the addition of belimumab to the conven-
tional therapy in lupus nephritis obtained steroid-sparing
effects [41]. In a randomized controlled trial of maintenance
treatment, a multitarget therapy based on tacrolimus, MMF
and low-dose prednisone in lupus nephritis resulted in lower
renal relapse rate and fewer adverse events in comparison
with azathioprine and low-dose prednisone [42]. Ancillary
treatment with hydroxychloroquine [43] may reduce the
doses of glucocorticoids and the risk of lupus flares. It has
also been reported the possibility of progressive tapering of
immunosuppressive therapy until its complete withdrawal
in patients with clinically stable LN. This allowed to sig-
nificantly improve renal survival and treatment-related side
effect in the long term [44]. Others suggested a more careful
approach based on the absence of renal activity at kidney
biopsy, in order to reduce the risk of flares [45]. In summary,
earlier diagnosis and treatment, refinement in monitoring
and managing LN and availability of new drugs led to pro-
gressive improvement of LN over the time.

Sjogren syndrome
Sjogren syndrome is an autoimmune disease characterized

by inflammation and destruction of exocrine glands, prin-
cipally lachrymal, parotid, and salivary glands as well as
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by involvement of multiple organ systems. The syndrome
may be classified as primary Sjogren when it is isolated or
secondary when associated with other autoimmune rheu-
matic disease, especially rheumatoid arthritis, delineating
a condition named overlap connective tissue disease. In
Sjogren syndrome infiltration of lymphocytes and plasma
cells can be observed in glands and in other organs, includ-
ing kidney. Indeed, renal involvement has been reported
in less than 10% of patients and is characterized by inter-
stitial nephritis or, more rarely, glomerulonephritis [46].

Interstitial nephritis is the prevalent kidney disease.
In a large multicentre French study; 98% of 95 patients
showed tubulointerstitial nephritis at renal biopsy [47].
The interstitial nephritis may remain asymptomatic for a
long period and may eventually present with fatigue, mus-
cular weakness, or polyuria [48]. Skeletal manifestation is
also a common finding in patients with Sjogren syndrome
[49]. Initial biochemical analysis shows hypokalaemia,
hyperchloremia and reduced kidney function. Further
investigations demonstrate the presence of an underlying
tubular acidosis. Type I distal tubular acidosis is the most
frequent disorder. It is characterized by a reduced hydro-
gen ions secretion by the alpha intercalated cells in the
distal convoluted tubules leading to hyperchloremic acido-
sis and hypokalaemia. Metabolic acidosis may also affect
bone by exchanging hydrogen ions for sodium, potassium,
calcium, carbonate and phosphate [50]. The continuous
sequestration of protons in bone stimulates both osteo-
clast differentiation and osteoclast activity. Eventually, this
mechanism leads to net bone loss and hypercalciuria, that
coupled with alkaline urine may lead to stunted growth
and bone abnormalities in children or in nephrocalcinosis
and nephrolithiasis in adults [51].

Type II tubular acidosis is less frequent. It involves proxi-
mal tubules and is caused by poor reabsorption of bicarbo-
nate [52]. Tubular acidosis may occur without involvement
of other solutes [53] or may be associated with urinary loss
of phosphate, uric acid, glucose, amino acids and low-
molecular-weight proteins as part of the Fanconi syndrome
[54, 55]. Renal biopsy shows tubulointerstitial nephritis with
infiltrate of lymphocytes, macrophages and plasma cells
around the tubules with complete sparing of the glomeruli
[56, 57]. In advanced cases severe pathological changes with
extensive interstitial fibrosis and tubular atrophy are present.

Glomerulonephritis is a rare kidney complication
in Sjogren syndrome. It may present with proteinuria
associated with microscopic haematuria or, rarely, with
a nephrotic syndrome. Deterioration of kidney func-
tion is frequent [58, 59]. Membranous nephropathy [60]
and IgA nephritis [61] are frequent forms of glomeru-
lonephritis in Sjogren syndrome; however, endocapil-
lary and extracapillary proliferative glomerulonephritis
[62, 63] have also been described. In a number of cases
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membranoproliferative glomerular lesions are related to an
associated disease such as vasculitis, SLE, mixed cryoglo-
bulinaemia or occult hepatitis C infection [64—66].

The long-term renal prognosis varies in patients with
primary Sjogren syndrome who have clinically significant
kidney involvement. Patients with interstitial nephritis
display a favourable prognosis, although occasional cases
of renal failure may occur as a consequence of diffuse
tubule-interstitial lesions or nephrocalcinosis. Appropri-
ate screening must be performed at least once a year in
patients with Sjogren syndrome in order to facilitate the
early detection of renal complications. More severe is the
prognosis of patients with glomerulonephritis, which may
progress to ESRD [67, 68].

Treatment depends on the nature of the underlying kid-
ney disease. In case of chronic interstitial nephritis, some
studies reported that treatment with glucocorticoids alone
or associated with mycophenolate improved the renal func-
tion in few patients [69], others found only marginal or no
benefit of glucocorticoids and other immunosuppressive
agents [70]. If hypokalaemic distal tubular acidosis is pre-
sent, alkali administration equivalent to the sum of endog-
enous acid production and bicarbonate wastage is needed.
In general, the total replacement is 1-2 mEq/kg per day of
sodium bicarbonate or citrate, which is its metabolic equiva-
lent. Greater amount may be needed in children who have
larger wastage of bicarbonate than adults. Correction of aci-
dosis may improve hypokalaemia and hypercalciuria and can
increase the citrate excretion, with decreased incidence of
nephrocalcinosis and nephrolithiasis. In children with proxi-
mal tubular acidosis, sodium bicarbonate 5-15 mEq/kg per
day is enough to compensate for the urinary bicarbonate loss
and the endogenous acid production (Table 2). The manage-
ment of glomerular diseases secondary to SLE, vasculitis, or
cryoglobulinemia is that of the associated systemic disease.

The recent EULAR guidelines recommended that the
use of glucocorticoids, synthetic immunosuppressive agents
(cyclophosphamide, azathioprine, methotrexate, lefluno-
mide, mycophenolate), intravenous immunoglobulins and
biologics should be restricted to patients with active sys-
temic disease but only after a careful evaluation of both

Table 2 The clinical spectrum of Sjogren syndrome

severity and organ damage. Recommendations on the need
for/duration of induction and maintenance therapies should
be decided on case-by-case [71].

Polymyositis and dermatomyositis

The idiopathic inflammatory myopathies (IIMs) are a group
of rare and heterogeneous acquired diseases affecting stri-
ated skeletal muscles, which include polymyositis (PM),
dermatomyositis (DM), necrotizing autoimmune myopa-
thy (NAM), and inclusion body myopathy (IBM). They
are all characterized by elevation of muscle enzymes lev-
els in serum and distinctive findings on electromyography
and muscle biopsy. The pathogenesis is still unknown, but
immune-mediated and non-immune mediated mechanisms
can contribute to tissue damage. In the last few years, a num-
ber of myositis- specific and myositis-associated antibodies
have been found. It has been hypothesized that endogenous
antigens, i.e., aminoacyl-tRNA synthetase enzyme, may trig-
ger activation of signalling pathways inducing the expres-
sion of multiple genes involved in the inflammatory response
[72].

Predominant symptoms are proximal muscle weakness
and typical skin finding in DM (heliotrope rash and Got-
tron’s papules). The disease may also afflict oesophagus,
lung, and rarely myocardium. Pulmonary manifestations are
major life-threatening events in IIMs and are frequent in
patients with positive anti-synthetase antibodies. Overlap
with systemic sclerosis is frequent accounting for approxi-
mately 40% of all cases of myositis overlap. IIMs have a
high morbidity, and not infrequently are the first sign of an
associated malignancy [73]. The first line therapy consist of
glucocorticoids that proved to be effective in many patients.
Immunosuppressants, [VIg and plasma-exchange are used
as rescue therapy in patients with refractory manifestations,
but no randomized controlled trials are available to guide
efficacy and safety.

Data regarding the kidney involvement in patients with
IIMs are scarce. Two large retrospective series of patients
with IIMs reported a prevalence of renal disease between 21

Primary Sjogren syndrome is a multisystemic autoimmune disease that mainly affects exocrine glands; secondary Sjogren syndrome affects
other autoimmune diseases, especially rheumatoid arthritis. Renal disease is rare affecting only 10% of patients with Sjogren syndrome. Inter-
stitial nephritis with tubular acidosis is the most common renal disorder. Glomerulonephritis is less frequent

Patients with interstitial nephritis display a favourable prognosis, although occasional cases of renal failure may occur as a consequence of inter-
stitial nephritis or nephrocalcinosis. More severe is the outcome for patients with glomerulonephritis that may progress to renal failure

Treatment depends on the nature of the underlying kidney injuries. Glucocorticoids alone or associated with mycophenolate may sometimes
improve renal function. In case of hypokalaemic distal tubular acidosis sodium bicarbonate or citrate is recommended. The management of
secondary glomerulonephritis is that of the original systemic disease. The recent EULAR guidelines recommend that glucocorticoids, immu-
nosuppressive drugs or biologic agents should be restricted to patients with active systemic disease but only after a careful evaluation of both

severity and organ damage
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and 23% [74, 75]. The most frequent type of kidney lesions
in IIMs is acute renal failure that may be caused by rhab-
domyolysis, drug toxicity or infection. Less frequent is an
association with chronic glomerulonephritis.

Myoglobinuria may occur in as many as 20% of patients
with IIMs [76]. When great amounts of myoglobin are
released, an acute kidney injury may occur. It can be caused
by casts formation and obstruction of the tubular lumen,
and by the toxic effects of myoglobinuria on kidney tubules,
including iron-induced oxidative stress and the develop-
ment of a third space into the injured muscles [77-81]. The
latter event causes vasoconstriction that in turn activates
renin—angiotensin—aldosterone system, sympathetic nerv-
ous system and vasopressin release. All of them converge
in causing profound vasoconstriction, ischaemia and oliguria
[82]. The output of reddish to brown urine is the main clini-
cal manifestations of rhabdomyolysis-induced acute renal
failure. The microscopic examination of urinary sediment
is necessary for the differential diagnosis with macroscopic
haematuria, in which red blood cells are found, while only
pigmented granular cells can be observed in rhabdomyoly-
sis. However, in the cohort of Couvrat-Desvergnes et al.
[75] only few cases of rhabdomyolysis were observed, the
main cause of acute kidney injury was drug toxicity (40% of
all the cases), mainly due to IV immunoglobulins, but also
related to the use of tacrolimus or cisplatin for associated
cancer. Other clinical situations such as intercurrent sepsis
and dehydration can contribute to kidney injury [83].

A wide range of immune-complex glomerulonephritis
has been reported in patients with I[IMs submitted to renal
biopsy. The results of around 50 renal biopsies performed
in IIMs have been reported in the literature [revised in
76, 78, 84]. IgA nephropathy was the most frequent glo-
merular disease, followed by membranous nephropathy,
minimal change disease and focal segmental glomerulo-
sclerosis. Few cases of membranoproliferative glomeru-
lonephritis, pauci-immune crescentic glomerulonephri-
tis and tubulointerstitial nephritis have been reported. A
peculiar pattern of severe acute renal vascular damage
consisting mainly of oedematous thickening of the intima

Table 3 Clinical characteristics of polymyositis-dermatomyositis

of arterioles has been described in five patients [75]. The
occurrence of such a variegate phenotypes of glomerular
diseases may be related to a dysregulated generation of
different autoantibodies in inflammatory myopathies. The
mechanisms underlying this dysregulated generation of
autoantibodies remain unclear. The clinical presentation
of IIMs-associated glomerulonephritis varies from mild
urinary abnormalities to nephrotic syndrome or rapidly
progressive renal insufficiency. Probably, glomerular dis-
eases in IIMs are underestimated because not all cases of
mild proteinuria or microscopic haematuria are submitted
to renal biopsy. In some cases, the development of glo-
merular disease is concomitant to the myopathy diagnosis.

The renal prognosis depends on the type of kidney
injury and comorbidity. The outcome of acute kidney
injury was poor in a series: of 16 patients 13 (81%) pro-
gressed to CKD and 2 (12.5%) reached ESRD. Age at IIMs
onset, male gender, a history of cardiovascular events,
and a previous episode of kidney injury were associated
with the risk of CKD. The prognosis of glomerular dis-
eases depends on the histological and clinical features at
presentation. It is usually good for patients with normal
renal function and mild proteinuria. It may be severe for
patients with deteriorated kidney function, nephrotic syn-
drome and a picture of extracapillary glomerulonephritis
at renal biopsy.

The choice of treatment is based on the type of kidney dis-
ease (Table 3). In case of rhabdomyolysis-associated acute
renal failure, treatment consists of aggressive alkalinisation
and hydration and rapid reduction of hyperkalaemia to pre-
vent cardiac arrhythmias [77]. Patients with mild proteinuria
and normal renal function may benefit from ACE-inhibitors
or angiotensin-receptor blockers. The steroids schedule in
use for IIMs includes prednisone 1 mg/kg/day for 4—6 weeks
[72], which can be effective for kidney and muscles. In cases
of nephrotic syndrome, the addition of another immuno-
suppressive drug-cyclophosphamide, azathioprine, cyclo-
sporine, tacrolimus, mycophenolate or rituximab- may be
considered. However, no randomized controlled trial could

Polymyositis (PM) and dermatomyositis (DM) are autoimmune diseases that affect skeletal muscles and skin respectively. Overlap with systemic

sclerosis and other rheumatic diseases is frequent

The pathogenesis is still unknown but endogenous antigens may trigger activation of signal pathways and induce expression of multiple genes

involved in the inflammatory response

Data regarding the kidney involvement are scarce. Retrospective series reported a prevalence of renal disease between 21 and 23%. Two main
types of kidney injury have been described. The most frequent is rhabdomyolysis-related acute kidney injury. Drug toxicity is another frequent
cause of acute kidney injury. The outcome of these events may be poor in patients with other comorbidities. Chronic glomerulonephritis is less

frequent. The prognosis depends on the type of glomerular lesions

Treatment of rhabdomyolysis-related acute kidney injury rests on alkalinization, hydration, and rapid reduction of hyperkalaemia. Patients with
normal renal function and mild proteinuria may benefit from inhibitors of renin-angiotensin system. In case of nephrotic syndrome or progres-
sive deterioration of kidney function glucocorticoids or other immunosuppressive agents may be considered
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confirm the validity of these treatments. Regular renal fol-
low-up of these patients is recommended.

Systemic sclerosis

Systemic sclerosis (SS), also called scleroderma, is an
immune-mediated rheumatic disease of unknown aetiol-
ogy that is characterized by fibrosis of the skin, blood ves-
sels and visceral organs including the gastrointestinal tract,
lungs, heart, and kidneys. It primarily affects women and
there are two clinical subsets according to the extent of
skin involvement: diffuse cutaneous SS and limited cutane-
ous SS. The pathogenesis of SS is extremely complex, but
there is now evidence that immunogenetics, immune dys-
function, inflammatory mediators, fibroblasts, extracellular
matrix and the endothelial damage can interact and affect
each other eventually leading to the pathological and clini-
cal manifestations of SS [84]. Several studies reported that
both non-HLA genes, KIAAO319L, PXK, and JAZF1 [85]
and HLA genes, especially B35 [86, 87], are associated with
SS susceptibility. Of note, B35 influences the production of
endothelin-1, a potent vasoconstrictor and profibrotic factor,
while decreases nitric oxide synthase which catalyses the
production of the vasodilator nitric oxide. In this permissive
genetic background, abnormalities of the innate and adap-
tive immune systems lead to production of autoantibodies
and cell-mediated autoimmunity that coupled with increased
expression of endothelin-1 [88] and reduced production of
nitric oxide synthase [89] cause hypoxia, vasoconstriction,
intimal proliferation and endothelial injury. In the mean-
time, endothelin-1 activates and re-programs the functional
phenotypes of vascular smooth muscle cells, microvascular
pericytes and tissue fibroblasts into pro-fibrogenic cell popu-
lations with myofibroblasts-like properties [90]. Platelets are
also activated in SS and can release chemokines, cytokines
and growth factors, including TGF-f1 that increases the pro-
duction of collagen and extracellular matrix [91]. Thus, the
disease targets the vasculature, connective tissue-producing
fibroblasts/myofibroblasts components, microvascular
endothelial cell/small vessel fibroproliferative vasculopathy,
and fibroblast dysfunction eventually generating excessive
accumulation of collagen and other matrix components in
skin and internal organs.

Renal disease is one of the most serious complications
of SS. It is more often observed in the context of exten-
sive diffuse skin disease. Some individuals are initially
asymptomatic or show only mild proteinuria, microscopic
haematuria and occasional casts. These patients may fol-
low an indolent course until hypertension and progressive
deterioration of kidney function develop. Histologically,
renal vessels show intimal proliferation, medial thinning
and increased collagen deposition in the adventitial layer.

Both post- and antemortem studies suggest that endothelial
lesions occur before the clinical diagnosis of renal disease
and precede the histological evidence of fibrosis [92].

In almost 10% of diffuse cutaneous SS patients and in
rare cases of limited cutaneous SS a scleroderma renal crisis
(SRC) may develop, sometimes preceding the clinical diag-
nosis of SS [93]. The clinical presentation is dramatic, SRC
being one of the few emergencies in clinical rheumatology. It
is characterized by a malignant hypertension, oliguric acute
renal failure, pulmonary oedema, microangiopathic haemo-
lytic anaemia in about 40% of cases, and central nervous
system involvement with encephalopathy and seizures. In
around 15% of cases, SRC may present with normal blood
pressure and is termed normotensive SRC. In these cases,
the clinical picture is very severe with haemolytic anaemia
in 90% of patients, thrombocytopenia in 83%, and frequent
lung haemorrhage. Almost 2/3 of patients received gluco-
corticoids before the development of normotensive SRC
[94]. This clinical presentation is similar to that of throm-
botic microangiopathy and the differential diagnosis may be
difficult. Typical SRC exhibits prominently elevated blood
pressure and worsening of renal function initially, followed
by mild thrombocytopenia. Conversely, normotensive SRC
and thrombotic microangiopathy presents first with severe
thrombocytopenia, followed by elevated blood pressure and
renal function deterioration [95]. Microscopically arterial
lesions predominate. Small interlobular and arcuate arteries
as well as small arteries and arterioles are affected (Fig. 2).
The early changes consist in marked proliferation of intimal
cells and accumulation of mucoid ground substance com-
posed by glycoproteins and mucopolysaccharides. This pro-
liferation may damage the internal elastic lamina allowing
muscle-like cells to migrate into the intima. There is also
a fibrous thickening of adventitia. Gross narrowing of the
blood levels leads to ischaemia which may be aggravated by

Fig.2 Scleroderma renal crisis.Interlobular artery showing intimal
mucoid oedema and endothelial swelling resulting in “onion skin”
concentric appearance
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vascular thrombosis with consequent atrophy of the nour-
ished tissues. Fibrinoid changes in the walls or arterioles
and microinfarct are also frequent.[96, 97]. Glomeruli may
be normal but may be necrotic or ischaemic in the area with
infarct. In cases of thrombotic microangiopathy, there are
mesangiolysis, thickening of capillary walls, intracapillary
thrombosis and areas of fibrinoid necrosis. Juxtaglomerular
apparatus is hypertrophic. Tubular atrophy and interstitial
fibrosis are frequent [98]. The aetiopathogenesis of SRC is
presumed to be a series of insults to the kidneys resulting in
the narrowing of renal arterioles. An important role is played
by the renin-angiotensin system which is overactivated as
shown by the markedly increased levels of plasma renin [99]
leading to decreased blood flow, hyperplasia of the juxtaglo-
merular apparatus, hyperreninemia, and accelerated hyper-
tension. Risk factors include rapid skin thickening, use of
certain medications such glucocorticoids or cyclosporine,
new-onset microangiopathic haemolytic anaemia and/or
thrombocytopenia, cardiac complications (pericardial effu-
sion, congestive heart failure, and/or arrhythmias), large
joint contractures, and presence of anti-RNA polymerase
IIT antibody [100].The clinical impression is that the preva-
lence of SRC seems reduced over the time: however, a meta-
analysis of studies reported from 1983 to 2011 found no sta-
tistical reduction in the temporal prevalence of SRC patients
with diffuse cutaneous SS (7-9%), or patients with limited
cutaneous SS (0.5-0.6%) based on either the start date of the
cohort or publication date [101].

The prognosis of renal SS largely depends on the rapid
control of malignant hypertension and improvement of the
ongoing renal ischaemia. The advent of angiotensin-con-
verting enzyme inhibitors (ACEI) allowed to reverse the
dreadful outcome of SRC (Table 4). In a pivotal prospec-
tive study carried out in a cohort of 108 SRC patients, the
1-year survival rate was 76% in those treated with ACEI
and 15% in those who were ACEI free [102]. Despite the
improvement, SRC remains a life-threatening manifesta-
tion characterized by a high rate of mortality and progres-
sion into permanent dialysis [103—105]. In a retrospective
study, the clinical charts of 606 patients, affected with SS
were reviewed. Twenty (3.3%) patients developed SRC. One

Table 4 The clinical spectrum of scleroderma renal crisis

year after SRC onset, 55% of patients developed ESRD. The
survival rate was 70% at 1 year and 50% at 5 years, the
mortality rate related to SRC was 35% [106]. In summary,
short-term prognosis of SRC has improved, but long-term
prognosis remains disappointing particularly in patients in
renal replacement therapy [107]. Mortality is reduced but a
substantial number of patients with SRC still die of cardiac
or lung complications. Some patients may progress to ESRD
and need dialysis. Scleroderma recurrence after renal trans-
plantation is possible [108] but the risk is low [109].
Immunosuppression may improve many aspects of SS,
but it is not curative [109]. Treatment of SRC is mainly
based on anti-hypertensive drugs. Early treatment is man-
datory to prevent irreversible organ damage. However, blood
pressure should not be reduced below the limit of cerebral
autoregulation to prevent the risk of iatrogenic ischemia. It
is also recommended not to lower blood pressure too fast in
order to prevent relative or actual hypovolemia associated
with vasodilatation of constricted vessels which can further
decrease kidney perfusion. Thus intravenous antihyperten-
sives such as nitroprusside and labetalol or powerful drugs
such as minoxidil should be avoided. For the majority of
hypertensive emergencies, mean arterial pressure should be
reduced by approximately 10-20% within the first hour and
by another 5-15% over the next 24 h. This often results in
a target blood pressure of less than 180/120 mm Hg for the
first hour and less than 160/110 mm Hg for the next 24 h,
but rarely less than 130/80 mm Hg during that time frame
[110-112]. The decision of which drug to use depends on
numerous factors including the clinical indications, phar-
macokinetics, toxicity and drug interactions. Furthermore,
more than one of the recommended drugs is often required
for the successful lowering of the patient’s blood pressure.
ACE-inhibitors remain the mainstay in the therapy of SRC
due to the critical role of renin-angiotensin system in the
pathogenesis of SRC [113]. Dihydropyridine calcium-
channel blockers, such as nifedipine, can also reverse SRC
and even prevent its development [114]. In refractory cases
a combination of ACE inhibitors with endothelin receptor
blockers [115] and agents targeting the complement compo-
nent five has been proposed [88]. Plasma-exchange seems

Some patients with systemic sclerosis may develop renal disease. This may be asymptomatic and associated with mild proteinuria or micro-
scopic haematuria. However, the typical presentation is the scleroderma renal crisis (SRC), a combination of acute oliguric renal failure associ-
ated with severe hypertension. Microangiopathic haemolytic anaemia can also occur

The prognosis depends on the rapid control of malignant hypertension and prevention of renal ischemia. The short-term outcome is improved in
the last years, but patients with thrombotic microangiopathy or those who received a late treatment have a poor prognosis. In the long-term, a
sustained number of patients who survived the SRC may eventually enter end-stage renal disease or die because of cardiac or lung complica-

tions

An early anti-hypertensive treatment is mandatory to prevent irreversible organ damage. The use of ACE inhibitors or calcium channel blockers
may avoid severe organ damage in the acute phase of SRC but cannot inhibit a late progression of vascular lesions eventually leading to renal

failure
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to give some benefits in patients with SRC and microan-
giopathy or in subjects intolerant to ACE-inhibitors [106,
116, 117]. SRC may lead to complement system activation
through the classical pathway. Early administration of Ecu-
lizumab, a monoclonal antibody blocking C5, has been used
with success in patients with SRC complicated by thombotic
microngiopathy [118-120].
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