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Abstract: Fibroinflammatory diseases are a group of rare pathologies in which the hallmark is the
exuberant deposition of fibrotic tissue and inflammatory cellular infiltrates, characteristic of the
specific disease. A sclerotic mass develops within soft tissues and/or organs, damaging and replacing
them, with effects ranging from asymptomatic to life-threatening clinical manifestations. The kidneys
and urinary tract can be involved in some of these diseases, which can lead to acute kidney injury,
chronic kidney disease, and even end-stage kidney disease. IgG4-related disease, retroperitoneal
fibrosis, and Erdheim–Chester disease are the three fibroinflammatory disorders that can involve the
kidneys. Only a timely and accurate collection of clinical, radiological, metabolic, laboratory, and
histological data allows prompt diagnosis and targeted treatment of these pathologies, allowing the
stoppage of the evolution of renal and systemic manifestations, which can lead to complete remission.
The epidemiology, clinical and histological features, and management of these conditions are herein
described in a narrative fashion.
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1. Introduction

Fibroinflammatory or fibrosclerosing diseases (FDs) comprise a spectrum of rare
pathologies associated with chronic systemic inflammation and exuberant fibrosis. In FDs,
sclerotic material damages and replaces the soft tissues and organs. These are well-coded
diseases in which inflammation is the hallmark and not just a response to damage (as it
is, for instance, in infectious diseases, trauma, and neoplasms). Environmental triggers
and genetic predisposition play a role in the etiopathogenesis. Recently, many of the
FDs have been reunited under the spectrum of IgG4-related disease (IgG4-RD), as they
share common histopathological, clinical, and pathogenetic features. These FDs include
IgG4-related pancreatitis, retro-orbital pseudotumor, and retroperitoneal fibrosis (RPF),
among many others. The idiopathic, i.e., the non-IgG4-related, forms of these diseases
have thus been separated from IgG4-RD and are still referred to as FDs or idiopathic
FDs [1–8]. A distinct FD, which lacks an IgG4-related counterpart and reflects peculiar
disease mechanisms, is Erdheim–Chester disease (ECD) [9].

A pathogenetic feature shared by the aforementioned conditions is the association of
inflammation with fibrosis, as implied by the term “fibroinflammatory”. Indeed, it appears
that an autoimmune mechanism stimulates inflammation through the activation of innate
and adaptive immunity (particularly T-helper cells) and the recruitment of myofibroblasts
that deposit extracellular matrix. Damage and infiltration result in organ damage, organ
dysfunction to varying degrees of severity, and, potentially, death. FDs can affect any
organ, either as single-organ-limited lesions or as multifocal or systemic disorders. They
are often associated with other autoimmune diseases. A spontaneous regression is possible,
but since it is unpredictable and may lead to life-threatening complications, therapy is
recommended. IgG4-RD, for instance, has an excellent response to glucocorticoids as well

Rheumato 2024, 4, 1–12. https://doi.org/10.3390/rheumato4010001 https://www.mdpi.com/journal/rheumato

https://doi.org/10.3390/rheumato4010001
https://doi.org/10.3390/rheumato4010001
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com
https://doi.org/10.3390/rheumato4010001
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com/article/10.3390/rheumato4010001?type=check_update&version=1


Rheumato 2024, 4 2

as to immunosuppressive drugs or monoclonal antibodies that deplete B cells. Relapses are
common, but retreatment is possible [10–14].

FDs often affect the kidneys and urinary tract. Signs of kidney involvement include
microhematuria and/or sterile leukocyturia and/or mild- to nephrotic-range proteinuria
or full-blown nephrotic syndrome or nephritis. Acute kidney injury (AKI) could result
and progress to chronic kidney disease (CKD) and even end-stage kidney disease (ESKD).
Hydronephrosis and AKI can result from urinary tract involvement, often requiring surgical
intervention in addition to medical treatment in order to prevent progressive CKD [15].

In this narrative review, we highlight renal involvement in the context of FDs.

2. IgG4-Related Kidney Disease

The annual incidence of IgG4-RD is 0.28–1.08/100,000 people/year, and its prevalence
is about 1/600,000 in Japan [16]. These figures are probably underestimated, since the
characterization of IgG4-RD as a distinct disease has been recent. IgG4-RD mostly affects
male patients between the ages of 50 and 70 years [17]; however, the sex ratio varies
according to organ involvement [18].

IgG4-RD is a systemic autoimmune disease characterized by fibroinflammatory in-
filtrate, arranged in a tumor-like sclerotic mass, that can affect soft tissues and/or all
organs (the pancreas, bile ducts, retroperitoneum, mediastinum, orbits, salivary glands,
kidneys, etc.), causing a wide spectrum of clinical manifestations that can develop alone,
concurrently, or metachronically [19].

Due to the heterogeneous clinical manifestations of IgG4-RD, differential diagnosis is
challenging, as it is often confused with malignancy, infection, or other immune-mediated
conditions [17].

In 2020, the EULAR classification criteria were published, based on clinical, serological,
radiological, and pathological data [20]. To reach/attain the diagnosis, both entry and
exclusion criteria must be observed.

A histological demonstration of typical IgG4-RD organ involvement is the most reliable
proof, although clinical and radiological evidence is acceptable.

IgG4-RKD refers to IgG4-related diseases that directly involve the kidney. This con-
dition includes a form of tubulo-interstitial nephritis, known as IgG4-tubular interstitial
nephritis (IgG4-TIN), and renal pelvic involvement [20]. A few glomerulopathies are
thought to be part of the spectrum, among which membranous glomerulopathy has the
highest frequency; however, its pathogenesis differs from that of “traditional” FDs [21].

IgG4-RKD accounts for 12–23% of IgG4-RDs, and it is more frequent in Japan [22] and
less frequent in the United Kingdom and the United States [23,24]

IgG4-RKD can be diagnosed incidentally in the setting of extrarenal or systemic
IgG4-RD or occur alone. Beginning in 2011, several authors published clinical, laboratory,
radiological, and histological criteria that allowed clinicians to attribute, with increasing
reliability, the impairment of renal function in the course of IgG4-RD to kidney involvement,
thereby confirming or excluding IgG-RKD [25,26]. In 32% of the cases of renal involvement,
IgG4-TIN is described [27].

Clinically, IgG4-TIN has similar manifestations to non-Ig4-related TIN. In addition to
nonspecific constitutional symptoms (fever, malaise, unexplained weight loss), it can mani-
fest asymptomatically (mild-to-moderate and mainly tubular proteinuria, hematuria, leuko-
cyturia), and/or cause AKI with or without progression to CKD if not treated promptly [1].
In addition to an accurate history, laboratory, radiological, and histological investigations
are performed to exclude other immunological and nonimmunological causes of TIN [28].

IgG4-TIN lesions are best detected using contrast-enhanced computer tomography
(CT) or magnetic resonance imaging (MRI). When IgG4-TIN is present, the kidneys can
be enlarged bilaterally and show an iso-hypodense area on CT scans and homogeneous
hypoattenuation on contrast-enhanced images. T1-weighted MRI shows hypointensity
and T2-weighted MRI shows progressive intensification after gadolinium infusion and
diffusion restriction.
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Several imaging patterns are possible. The “nodular pattern” is the most common,
where multiple, usually bilateral, small, round, or wedge-shaped nodular, lesions are
detected. Lesions close to the renal capsule, called rim-like lesions, may be observed
and are similar to the rim-like lesions of IgG4-related pancreatitis. The “diffuse patchy
pattern” represents an advanced stage of the disease and is characterized by larger lesions
than cortical nodular ones. There are rare cases of IgG4-RKD manifesting as an “alone
hypovascular mass-like lesion” on contrast-enhanced CT, indistinguishable from a tumor
mass and therefore requiring nephrectomy [1,29]. The role of 18F-fluorodeoxyglucose
positron emission tomography (FDG PET)/CT in IgG4-RD can be used to detect disease
extent, localize biopsy sites, or assess response to treatment, but it is not applicable to brain
or kidney involvement.

In addition to unexplained renal dysfunction, patients may have elevated serum IgG4
levels and hypocomplementemia. When hypocomplementemia and/or elevated serum
IgG4 and/or total IgE levels are present, IgG4-RKD is more likely to be detected [30],
especially if Ig4-RD has already been diagnosed. The EULAR classification includes
hypocomplementemia (C3, C4, or both) among the diagnostic markers of IgG4-RKD [10].
Hypocomplementemia is a characteristic feature of IgG4-RD, but it occurs more often in
IgG4-RKD (50–70% vs. 20–40%) [1,31]. It has also been reported as a potential predictor
of relapse in IgG4-RKD [32,33]. It remains unclear how IgG4-RD causes hypocomple-
mentemia. Complement is not activated by IgG4. However, Sugimoto et al. reported that
the circulating immune complexes isolated from IgG4-RD patients contain IgG4 and IgM
and that they are able to activate both the classical and lectin pathways of the complement
cascade [34]. In 17 patients with IgG4-RKD, Wang et al. reported that a decrease in the
serum C3 level was associated with increases in the serum IgG4 concentration and intersti-
tial fibrosis score [35]. On the other hand, some authors argued that other classes of IgG,
also present in higher concentrations in IgG4-RD, for example, IgG1, are responsible for this
mechanism [32]. The observation that C3 and C4 serum levels are negatively correlated with
the IgG1 level in patients with IgG-RD and hypocomplementemia reinforces this hypothe-
sis [36]. Recently, Saeki et al. demonstrated an association between hypocomplementemia
and elevated serum levels of IgG subclasses other than IgG4 in IgG4-RKD, suggesting the
idea that IgG subclasses other than IgG4 are involved in hypocomplementemia [37].

IgG4-RD also causes elevated serum IgG levels, particularly in IgG4-RKD. In IgG4-
RKD, laboratory tests show high serum IgG levels in about 90% of patients and elevated
serum IgG4 levels in almost all patients [21], in contrast with IgG4-RD, in which only about
50% of cases show high serum IgG levels. IgG4 concentrations were linked to more severe
disease [24].

Additionally, the serum level of IgG4 may be a marker of therapeutic steroid response,
because it decreases rapidly during therapy but increases without apparent relapse in about
half of patients [33]. Serum C-reactive protein levels are usually normal.

In the presence of a diagnosis of IgG4-RD, male sex, older age, involvement of three
or more organs, a higher index of disease activity, and low serum C3 level increase the
probability of developing or having already developed renal involvement [38].

For IgG4-TIN to be distinguished from other kinds of TIN, biopsy is mandatory [28].
IgG4-TIN appears histologically as chronic TIN with unusual characteristics. The IgG4+
plasma cells dominate the cellular infiltrate under light microscopy. The presence of an
IgG4+/IgG+ plasma cell ratio > 40% and IgG4+ > 10/high power field on biopsy are
considered suggestive of IgG4-TIN. Eosinophil infiltration could also be present. If present,
tubulitis is mild. As a result of its irregularly whorled shape, fibrosis is called “storiform”.
Sclerotic fibers surround nests of lymphocytes or plasma cells in a “bird’s eye” aspect.
Moreover, areas where the cellular infiltrate is abundant and the fibrotic component is
scarce can coexist with areas where the infiltrate is scarce and the fibrosis is abundant in all
gradations. Another hallmark of IgG4-TIN is that the aforementioned pathological features
observed via light microscopy are characteristic of hypodense lesions on CT scans, while the
nonaffected areas have normal histology, showing, upon histological examination, a clear
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demarcation between healthy and pathological areas. Lesions can also extend and infiltrate
the renal capsule, macroscopically related to a rim-like lesion on contrast-enhanced CT. In
immunofluorescence, interstitial granular IgG (mostly IgG4 but also IgG1) and C3 deposits
can be seen, but only in affected areas (in contrast with lupus nephritis, where deposits
can be seen in otherwise unaffected areas). TIN generally spares glomerular lesions and
vessels [21,28]. Pelvic wall lesions are included in IgG4-RKD. Renal pelvic wall thickening
can occur unilaterally or bilaterally without severe stenosis or luminal irregularities [20].
Rarely, hydronephrosis or obstructive nephropathy is observed. When these lesions are
detected without extrarenal localization of IgG4-RD, they could be mistaken for neoplastic
masses, resulting in nephrectomy. Detecting IgG4-RKD in this setting is difficult: extrarenal
IgG4-RD is highly suggestive of IgG4-RKD if renal lesions respond to corticosteroids [21,30].

Indirect kidney involvement can also be observed in the retroperitoneal involvement
when retroperitoneal fibrotic tissue encloses the ureters ab extrinseco, causing obstructive
AKI and/or CKD (see [30] for further details).

Approximately 7–8% of IgG4-RD patients have glomerular involvement [27]. Patients
may present with urinary abnormalities, nephrotic syndrome, or kidney failure. The
most common form of glomerulopathy is membranous nephropathy (MN). Most patients
manifest IgG4-MN during the course of TIN (we do not know whether TIN and MN are
linked), but 40% have only IgG4-MN as renal involvement. The extrarenal manifestation
usually precedes or occurs simultaneously with GN manifestations in IgG4-RD. Sometimes,
extrarenal manifestations precede MN diagnosis. Anti-phospholipase A2 receptor (PLA2R)
antibodies are typically associated with primary membranous nephropathy, but a few cases
of positive serum or immunostaining of PLA2R antibodies have been reported in IgG4-MN.
Glomerular C1q immunostaining can be positive, while it is usually negative in patients
with idiopathic MN [30].

Indirect kidney involvement can also be observed in retroperitoneal fibrosis: retroperi-
toneal fibrotic tissue encloses the ureters ab extrinseco, causing obstructive AKI and/or
CKD (see further) [23]. In contrast to other “minor” IgG4-RD presentations, such as asymp-
tomatic lymphadenopathy or mild salivary gland involvement, which may spontaneously
remit, IgG4-RKD does not and should be treated promptly. It is also known that IgG4-
RD with renal involvement tends to relapse more often, requiring more aggressive and
longer treatment courses [39]. In addition, patients with pelvic or ureteral involvement
or hydroureteronephrosis may require ureteral stent placement or nephrostomy or surgi-
cal ureterolysis to avoid the life-threatening complications of AKI. Immunosuppressive
treatments are usually accompanied or followed by such interventions [40].

A daily dose of 0.4–0.6 mg/kg prednisone equivalent is recommended as first-line
treatment. The response to corticosteroids is generally excellent [41], where renal function
improves and stabilizes rapidly, regardless of the stage of kidney injury [42]. IgG4-RD
can, however, persist and/or worsen in the long term, which is why early diagnosis is
crucial [43]. A prolonged low dose of steroids to prevent recurrence after steroid withdrawal
should at least be considered. Most flares also respond to steroids; i.e., resistance to steroids
does not usually develop [33,41].

Immunosuppressors are used as steroid-sparing agents in patients who do not tolerate
steroids, relapse frequently, or have refractory IgG4-TIN. Rituximab, an anti-CD20 B-cell-
depleting agent, has shown encouraging results [34,44].

Corticosteroids alone are typically ineffective when glomerular involvement is present.
In such cases, treatment follows that of the idiopathic counterpart, e.g., in IgG4-related
membranous nephropathy [34].

3. Retroperitoneal Fibrosis

Some fibrosclerosing diseases can cause AKI or progressive CKD, due to ab extrinseco
(mono or bilateral) compression of ureters and/or of the kidneys. This is the case with RPF,
which can be idiopathic or associated with IgG4-RD or secondary to other pathologies (e.g.,
Erdheim–Chester disease).
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Idiopathic retroperitoneal fibrosis (IRF) is characterized by fibroinflammatory tissue
that surrounds the infrarenal aorta in its antero-lateral portion, usually sparing its posterior
side, and it is called chronic periaortitis. Pathological tissue extends to the common iliac
arteries to the retroperitoneum, thus encasing the distal portion of the ureters, mono- or
bilaterally, but without infiltrating the involved structures. It is a rare disease that typically
affects middle-aged men (with a male-to-female ratio of 2–3:1) with peak of incidence
around the age of 50–60 years [45].

The prevalence of IRF is estimated to be 1.4 cases per 100,000 people, whereas its
incidence is around 0.1–1.3 cases per 100,000 people/year [2,46]. Fibroinflammatory tis-
sue comprises extracellular matrix, mainly constituted by thick irregular bundles, type
I collagen fibers, and a cellular component represented by fibroblasts and myofibrob-
lasts, inflammatory cells, including macrophages, B and T lymphocytes, plasma cells,
and rare eosinophils in a diffuse pattern or organized into aggregates with a perivascu-
lar pattern or sometimes germinal centers [10,14]. The etiopathogenesis is multifactorial,
including genetic predisposition [13,47] and environmental factors (e.g., smoking and
asbestos) [24,48,49].

In the acute phase, patients may have constitutional symptoms (low-grade fever,
anorexia, fatigue and weight loss), linked to an inflammatory process. Moreover, almost all
patients complain of continuous and dull abdominal, lower back, or flank pain [3,50–52].
Some patients complain of colicky pain when hydroureteronephrosis occurs. Constipation,
testicular pain, lower limb claudication could also be present.

Renal involvement in the form of AKI or CKD due to ureteral obstruction is described
in 55–72% of patients affected by IRF [3,14,50]. Obstructive nephropathy is determined by
fibroinflammatory tissue that could compress ureters ab extrinseco in their distal portion,
generally at the cross with iliac vessels and/or exert traction on their middle section. Hence,
hydroureteronephrosis ensues. In 60–70% of patients [3,50,51], this occurs rapidly, thus
determining AKI up to complete anuria, especially when bilateral involvement is present
(up to 40% of patients [3]) or monolateral in a single functional kidney. In these cases, either
placement of nephrostomies or ureteral stents or surgical ureterolysis is mandatory to
obtain total or partial recovery of kidney function. In 20–40% of patients, on the other hand,
there is a progressive loss of renal function up to chronic or even end-stage kidney disease.
About 30% of patients at diagnosis present with renal hypoplasia/atrophy. This occurs
when the obstructive disease manifests itself in a slow and often subtle, asymptomatic, or
paucisymptomatic manner, typically with only unilateral involvement [3,14,50–52]. End-
stage kidney disease is observed in 8% of patients overall [53]. Urinalysis usually shows no
urinary abnormalities, although tubular proteinuria from obstructive nephropathy can be
identified. CKD can also be secondary, albeit rarely, to compression of the renal arteries,
causing renovascular hypertension [51] and renal hypoplasia. Renal veins’ encasement by
the fibrous mass may occur, causing varicocele or, more rarely, renal vein thrombosis with
consequent AKI and gross hematuria. Some patients may develop lower limbs edema, a
sign of vena cava compression. However, the clinician must consider that patients with IRF
are often affected by cardiovascular disease, for which lower limb edema, hypertension,
and CKD may be related to other causes, e.g., heart failure.

Computed tomography (CT) and magnetic resonance imaging (MRI) are required for
the diagnosis of IRF and its staging. CT scans show homogeneous tissue, hysodense to
muscle, and MRI shows hypointense tissue in T1-weighted scans (Figure 1). Moreover,
MRI T2-weighted scan intensity correlates with the degree of inflammatory disease activity.
Contrast enhancement, both in CT and MRI, also correlates with disease activity. However,
fluorodeoxyglucose-positron emission tomography (FDG-PET) remains the gold standard
for assessing disease activity at diagnosis and during follow-up, proving to be even more
sensitive and specific than the common indices of serum inflammation [54]. Imaging (asso-
ciated with specific laboratory investigations and clinical picture of the overall patient) also
plays a fundamental role in the differential diagnosis with other pathologies (autoimmune,
infectious, neoplastic disease), which must be ruled out [48].
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Figure 1. Computed tomography images of idiopathic retroperitoneal fibrosis and Erdheim–Chester
disease. (A): Sagittal scan showing a kidney (with a ureteral stent) completely enclosed by fibrotic
tissue. In (C), a transversal scan of the same patient shows that both kidneys are enclosed and com-
pressed by extrarenal fibrosis, typical of Erdheim–Chester disease. In (B,D), sagittal and transversal
scans, respectively, of retroperitoneal fibrosis are shown, with ureteral compression and therefore
ureteral enlargement (hydronephrosis) with periaortic fibrotic tissue. The abdominal aorta is also
aneurysmatic, configuring a peculiar “variant” of idiopathic retroperitoneal fibrosis referred to as
“perianeurysmal [aortic] fibrosis” by some authors.

If possible, performing a biopsy of the pathological tissue would be of considerable
value. In around 30–50% of cases, it is possible to find histological matrix composed of
storiform fibrosis and a cellular component consisting of an intense infiltration of IgG4-
positive plasma cells with a high IgG4/IgG ratio, compatible with IgG4-RD. RPF can found
in the context of IgG4-related disease (see section on IgG4-related kidney disease) with
which it shares epidemiology, etiopathogenesis, prognosis, and response to treatment with
high doses of steroids, immunosuppressants, and monoclonal antibodies [54].

4. Erdheim–Chester Disease

Erdheim–Chester disease (ECD) is another fibrosclerosing disorder involving the
kidneys and urinary tract. To date, about 1500 cases have been described worldwide.
ECD is a clonal neoplastic disorder caused by mutations in the MAPK (RAS-RAF-MEK-
ERK) and (PI3K)-AKT pathways in myeloid progenitor cells [55]. It is defined as “non
Langerhans-cell” histiocytosis, since the fibrotic matrix is infiltrated by CD68+/CD1a−
“foamy” macrophages as well as lymphocytes. However, in 20% of patients, Langerhans-
cell infiltrates overlap. For this reason, ECD was included in the “L” (Langerhans) group in
the Emile-revised classification of histiocytosis, in which Langerhans and non-Langerhans-
cells histiocytosis are grouped together [56]. ECD mostly affects men (M:F = 3:1), with a
mean age at diagnosis of 48–56 years. The pathological mass can infiltrate the soft tissue
of any organ, but occurs most frequently in the musculoskeletal system, heart, central
nervous system (CNS), respiratory system, retro-orbital tissue, hypothalamic–pituitary
axis, adrenal glands, and skin [4]. The retroperitoneum and the kidneys are affected
in approximately 58–65% of cases. Clinical manifestations depend on the extent and
distribution of the disease, ranging from asymptomatic to localized to a single organ to
systemic forms, having important limitations on quality of life, up to cases with a very poor



Rheumato 2024, 4 7

prognosis, especially if the cardiac or central nervous system is involved [57]. As another
inflammatory disease, constitutional symptoms are almost always present, related to the
degree of inflammation. Renal involvement is clinically superimposable on that of RPF, as
already described.

When retroperitoneal involvement is present, as in RPF, TC and MRI are gold-standard
imaging techniques. The pathological mass appears hysodense on unenhanced CT scans
and slightly hyperdense on enhanced CT scans and isointense to muscle on MRI in both T1
and T2W scans and mild hypertense on enhanced MRI (Figure 1) [58]. Different from RPF,
the aorta is completely (thoracic, abdominal aorta, and its branches) and circumferentially
involved in ECD (“coated aorta”) [14]. In addition to the great retroperitoneal vessels, the
other frequently involved structures are the kidneys, which may present a perirenal fat
infiltration and capsular thickening, with a suggestive appearance frequently referred to
as “hairy kidneys”. The renal sinus is frequently involved. Ureters are often encased in
their upper portion, causing stenosis and hydroureteronephrosis in 6% of cases of ECD,
with postrenal kidney injury. Perirenal vascular peduncle involvement is also reported
(“coated renal artery”) with possible but very rare severe stenosis at the proximal portion
of the renal artery with consequent renovascular hypertension [59]. Contrast medium is
preferable for delineating vascular structures to exclude other pathologies that enter the
differential diagnosis with ECD (e.g., other forms of chronic periaortitis or histiocytosis) and
is necessary for the study of CNS and sella turcica. Ultrasound remains a useful first-line
investigation to identify hydronephrosis (useful for placing an immediate indication for
placement of a ureteral stent or nephrostomy or ureterolysis to prevent progression of renal
damage), to study renal parenchyma (measuring renal volume, cortical thickness, etc.),
and to calculate resistance indices and study renal vessels flow via the Doppler method.
Cardiac MRI or echocardiogram are used to detect any cardiac involvement [54].

For the diagnosis of disease, the most typical and frequent manifestation of ECD
is the presence of bilateral and symmetrical osteosclerosis of long bone metaphysis and
diaphysis (even if sometimes associated with lytic lesions in case of overlap with non-
Langerhans forms), identifiable via skeleton radiography, 99Tc-scintigraphy, or FDG-PET.
FDG-PET is the most reliable tool available to the clinician for assessing disease activity,
both at diagnosis and follow-up [60], unlike other imaging methods or inflammation
indices: serum C-reactive proteins levels are elevated in 50–80% of cases at diagnosis but
are not useful for follow-up. Histological analysis is mandatory to confirm the diagnosis
of ECD or overlap with Langerhans-cell histiocytosis, rule out other diagnosis, and allow
molecular studies. In fact, ECD is an inflammatory disease, but over time it has been
found that it is induced by histiocytes, which have mutations for various MAP kinases.
As a result, the treatment that initially included steroids, immunosuppressants [9], and
immunomodulators has now been expanded to mutant MAPKinase inhibitors [61].

Table 1 summarizes the most relevant characteristics of IgG4-tubulo-interstitial nephri-
tis, idiopathic retroperitoneal fibrosis, and Erdheim–Chester disease.

Table 1. Main characteristics of fibroinflammatory diseases involving kidneys and urinary tract.

IgG4-TIN IRF ECD

Renal and urinary
clinical manifestations

- Mild-to-moderate
tubular proteinuria

- Hematuria
- Leukocyturia
- AKI
- CKD
- ESRD

- Obstructive AKI
- Obstructive CKD
- Tubular proteinuria
- Renovascular hypertension

(renal arteries compression)
- Gross hematuria (renal vein

compression)
- ESRD

- Obstructive AKI
- Obstructive CKD
- Tubular proteinuria
- Renovascular hypertension

(renal arteries compression)
- Gross hematuria (renal vein

compression)
- ESRD
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Table 1. Cont.

IgG4-TIN IRF ECD

Constitutional
symptoms Rarely Frequently Frequently

Renal involvement

- Kidneys bilaterally
enlarged

- Nodular masses
- Rime-like lesions
- Diffuse patchy

pattern
- Alone hypovascular

mass-like lesion

- Hydronerphrosis
- Renal hypoplasia
- Renal vessels encasement

- Bilateral infiltration of
perirenal fat (“hairy
Kidney”)

- Renal sinus
- Hydronerphrosis
- Renal hypoplasia
- Renal vessels encasement

Ureteral involvement If associated IgG4-RPF

- Mono or bilateral ab
extrinseco obstruction of
distal portion

- Ureteronephrosis

Mono or bilateral ab extrinseco
obstruction of proximal portion

Other organs
involvement

Pancreas, bile ducts,
retroperitoneum,
mediastinum, orbit,
salivary glands, lymph
nodes, etc.

Abdominal and/or thoracic aorta
(lateral and anterior side),
periaortic arteries, inferior cava,
iliac vessels

Circumferential abdominal
and/or thoracic aorta (“coated
aorta”), periaortic arteries, bone,
heart, lungs, orbits, CNS, glands,
skin

Laboratory findings

Hypocomplementemia
Elevated serum IgG and
IgG4 levels
Elevated total IgE
CRP levels in range

Elevated ESR and CPR levels Elevated ESR and CPR levels

TC scan findings
- Iso-hypodense area
- Hypodense on c.e.

- Homogeneous isodense to
muscle tissue

- Slightly hyperdense in c.e.
in active stages

- Homogeneous isodense to
muscle tissue

- Slightly hyperdense in c.e.
in active stages

MRI findings

- Isointense area in
T1-weighted images

- Hypointense area in
T2-wheighted
images

- Hyperintensity on
c.e.

- Diffusion restriction

- Hypointense tissue in
T1-weighted images

- Hyperintense in
T2-wheighted images in
active stages

- Hyperintense in c.e. in
active stages

- Isointense tissue in T1 and
T2-weighted images

- Hyperintense in c.e. in
active stages

PET scan findings Increased uptake Increased uptake in active stages Increased uptake in active stages

Main histological findings

- Storiform fibrosis
- IgG4+ PC infiltration
- IgG4+/IgG+ PC

ratio > 40%
- IgG4+ PC > 10/hpf

- Thick irregular bundles type
I collagen fibers

- Fibroblasts, myofibroblasts,
inflammatory cells

Non-Langerhans histiocytes
(CD68+/CD1a− “foamy”
macrophages); lymphocytes.

Therapy

- Corticosteroids
- Immunosuppressors

as steroid-sparing
agents

- anti-CD20 B-cell
depleting agents

- Corticosteroids
- Tamoxifen [62]
- Immunosuppressors
- Monoclonal antibodies
- Surgery

- Corticosteroids
- Immunosuppressors
- Immunomodulators
- mTOR inhibitors
- MAPK inhibitors
- Surgery

Abbreviations: TIN tubulo-interstitial nephritis, IRF idiopathic retroperitoneal fibrosis, ECD Erdheim–Chester
disease, AKI acute kidney injury, CKD chronic kidney disease, ESRD end-stage renal disease, RPF retroperitoneal
fibrosis, CNS central nervous system, CRP serum C-reactive protein, ESR: erythrocyte sedimentation rate, CT
computed tomography, MRI magnetic resonance imaging, c.e. contrast-enhanced, PC plasma cells, hpf high power
field, CD cluster differentiation, mTOR mammalian target of rapamycin, MAP mitogen-activated protein kinase.
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5. Conclusions

Renal involvement worsens the prognosis of patients with fibrosclerosing disease both
in terms of life expectancy and quality of life. The fibroinflammatory pathologies that
determine renal involvement are different, and each of these requires specific therapy. Rec-
ognizing fibrosclerosing disease and achieving a correct differential diagnosis, interpreting
at the same time clinical, imaging, laboratory, and histological data, is the only way to set
up effective therapy as quickly as possible to stabilize or even achieve remission of the
renal and even systemic disease and initiate proper follow-up to prevent flares.

Further studies are needed to identify increasingly reliable diagnostic markers and
increasingly targeted and effective treatment.

Author Contributions: Conceptualization, D.G; methodology, writing—original draft preparation,
D.G.; writing—review and editing, G.M.R., C.P. and D.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

FD fibrosclerosing diseases
IgG4-RD IgG4-related disease
RPF retroperitoneal fibrosis
ECD Erdheim–Chester disease
AKI acute kidney injury
CKD chronic kidney disease
ESKD end-stage kidney disease
IgG4-RKD IgG4-related kidney disease
IgG4-TIN IgG4-tubular interstitial nephritis
MRI magnetic resonance imaging
CT computed tomography
FDG-PET 18F-fluorodeoxyglucose positron emission tomography
TBM tubular basement membrane
MN membranous nephropathy
PLA2R anti-phospholipase A2 receptor
IRF idiopathic retroperitoneal fibrosis
CNS central nervous system
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