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Acute glomerulonephritis

Sanjeev Sethi, An S De Vriese, Fernando C Fervenza

Glomerulonephritis is a heterogeneous group of disorders that present with a combination of haematuria, proteinuria,
hypertension, and reduction in kidney function to a variable degree. Acute presentation with full blown nephritic
syndrome or rapidly progressive glomerulonephritis is uncommon and is mainly restricted to patients with post-
infectious glomerulonephritis, anti-neutrophil cytoplasmic antibodies-associated vasculitis, and anti-glomerular
basement membrane disease. Most frequently, patients present with asymptomatic haematuria and proteinuria with
or without reduced kidney function. All glomerulonephritis disorders can show periods of exacerbation, but disease
flairs characteristically occur in patients with IgA nephropathy or C3 glomerulopathy. The gold standard for the
diagnosis of a glomerulonephritis is a kidney biopsy, with a hallmark glomerular inflammation that translates into
various histopathological patterns depending on the location and severity of the glomerular injury. Traditionally,
glomerulonephritis was classified on the basis of the different histopathological patterns of injury. In the last few years,
substantial progress has been made in unravelling the underlying causes and pathogenetic mechanisms of
glomerulonephritis and a causal approach to the classification of glomerulonephritis is now favoured over a pattern-
based approach. As such, glomerulonephritis can be broadly classified as immune-complex glomerulonephritis
(including infection-related glomerulonephritis, IgA nephropathy, lupus nephritis, and cryoglobulinaemic
glomerulonephritis), anti-neutrophil cytoplasmic antibodies-associated (pauci-immune) glomerulonephritis, anti-
glomerular basement membrane glomerulonephritis, C3 glomerulopathy, and monoclonal immunoglobulin-
associated glomerulonephritis. We provide an overview of the clinical presentation, pathology, and the current
therapeutic approach of the main representative disorders in the spectrum of glomerulonephritis.

Introduction

Glomerulonephritis is a heterogeneous group of
disorders. Sometimes the kidney is the sole or
major organ affected, for example by kidney-restricted
autoimmunity or a genetic disorder. Glomerulonephritis
might also occur as part of a multisystemic disease,
as a manifestation of a malignancy or monoclonal
gammopathy, or as a consequence of external factors
such as infections or drugs.

Glomerular diseases might present as many different
clinical patterns or syndromes (table 1), characterised by
a variable intensity, combination, and time course of
haematuria, proteinuria, fluid retention, hypertension,
and reduction in the glomerular filtration rate (GFR).
Acute presentation with a full-blown nephritic syndrome
(haematuria and red blood cell casts, proteinuria, oliguria,
hypertension, and oedema) or rapidly progressive
glomerulonephritis (loss of kidney function in days,
weeks, or months, presumed to be due to acute

Search strategy and selection criteria

We searched PubMed for articles in English using the search
terms “glomerulonephritis”, “infection-related”, “IgA
nephropathy”, “lupus nephritis”, “ANCA”, “anti-GBM”,

“C3 glomerulopathy”, “ cryoglobulin”,
“pathology”, “presentation”, “therapy”, “treatment”,

or “management” for studies in humans, in particular
randomised controlled trials, systematic reviews, and large
observational studies. We focused on articles published
between Jan 1, 2016, and Dec 31, 2021. Relevant older
articles were retrieved by a manual search of the reference
lists of identified articles.

nou

monoclonal Ig”,

glomerulonephritis) is uncommon. Most frequently,
patients present with asymptomatic haematuria and
proteinuria with or without reduced kidney function.
Recognition of these patterns can be useful to
create a tentative differential diagnosis. The initial
approach to a patient with suspected glomerulonephritis
includes a microscopic analysis of the wurinary
sediment, biochemical testing of serum and urine and a
serological analysis (panel). We favour a full laboratory
and immunological evaluation from the start. As such,
diagnosis can often be established before a kidney biopsy
result is available, for example in patients with positivity
for anti-neutrophil cytoplasmic antibodies (ANCA) or
anti-glomerular basement membrane (GBM) serology.
Calculation of the Chronic Kidney Disease Epidemiology
Collaboration formula is the favoured way to assess
estimated GFR (eGFR). To establish urinary protein
excretion, a 24-h urine collection is preferred to
examining urinary protein—creatinine ratio on a random
spot urine sample, but a reasonable compromise is the
measurement of a urinary protein—creatinine ratio on a
spot sample of an intended 24-h urine collection.!
However, the gold standard for the diagnosis of a
glomerulonephritis is a kidney biopsy, with hallmark
glomerular inflammation, characterised by increased glo-
merular cellularity.” The glomerular hypercellularity
manifests in various histopathological patterns depend-
ing on the location and severity of the glomerular injury.
The patterns of injury include mesangial proliferative
glomerulonephritis, diffuse endocapillary glomerulone-
phritis, exudative glomerulonephritis, necrotising and
crescentic glomerulonephritis, membranoproliferative
glomerulonephritis (MPGN), or even a combination of
patterns. The traditional pattern-based classification of
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glomerulonephritis is helpful to understand the acute-
ness, severity, and extent of the disease process. However,
different causes can result in the same pattern of injury.
For example, glomerulonephritis caused by chronic
hepatitis C or by abnormalities of the alternative
complement pathway might have an identical MPGN
pattern of injury.* Similarly, a diffuse proliferative
glomerulonephritis can be caused by an acute infection,
lupus nephritis, or cryoglobulinemia, in all of which
immunoglobulins accumulate in the glomerulus with
ensuing inflammation. Furthermore, almost all causes of
glomerulonephritis can lead to a scarring pattern of
injury, such as sclerosing glomerulonephritis. Finally,
although most glomerulonephritis are associated with a
characteristic pattern of injury, they can present with
more than one histopathological pattern on a kidney
biopsy.

Substantial progress has been made in unravelling the
underlying causes and pathogenetic mechanisms of
glomerulonephritis and more effective and targeted
therapies have become available. Therefore, a causal
approach to the classification of glomerulonephritis is
now favoured over a pattern-based approach. The causes
of glomerulonephritis can generally be inferred from the
findings of immunofluorescence studies.” As such,
glomerulonephritis can be broadly classified as immune-
complex glomerulonephritis (including infection-related
glomerulonephritis, IgA nephropathy, lupus nephritis,
and cryoglobulinaemic glomerulonephritis), ANCA-
associated (pauci-immune) glomerulonephritis, anti-GBM
glomerulonephritis, C3 glomerulopathy, and monoclonal
immunoglobulin-associated glomerulonephritis (figure 1,
table 2). Minimal change disease, focal segmental
glomerulosclerosis, and membranous nephropathy are
not characterised by glomerular inflammation and there-
fore fall outside the scope of this Seminar.

Definition
Asymptomatic Active urinary sediment (dysmorphic red blood cells
proteinuria or and red blood cell casts), with or without proteinuria
microscopic in a sub-nephrotic range, healthy kidney function
haematuria variables, and a healthy blood pressure
Nephrotic A persistent urinary total protein excretion of
syndrome >3-5 g per 24 h and a serum albumin concentration

of <3:5 g/dL if measured by bromocresol green
methods or <3 g/dL if measured by bromocresol
purple orimmunonephelometric methods; oedema,
hyperlipidaemia, and lipiduria (ie, doubly refractile
fat bodies) are common but are not required for the
diagnosis
Nephritic syndrome  Active urinary sediment, proteinuria (usually
<35 g per 24 h), oliguria, oedema, and hypertension
Rapidly progressive
glomerulonephritis

Active urinary sediment, a progressive loss of kidney
function within days to months; oliguria might be
present

Chronic
glomerulonephritis

Hypertension, kidney impairment, proteinuria, and
small kidneys with increased echogenicity

Table 1: Clinical presentations characteristic of glomerular disease
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The general management of glomerulonephritis
includes a low salt (<2 g per day) diet and an optimisation
of blood pressure control (the target systolic blood
pressure is <120 mm Hg) with an renin-angiotensin—
aldosterone system (RAAS) blockade at maximally
tolerated or allowed doses. Dietary protein intake should
be based on the degree of proteinuria with the replacement
of nephrotic losses, and the amount of kidney function.®
Lifestyle modifications, including smoking cessation,
weight loss, and regular physical activity should be
encouraged in all patients with glomerulonephritis as a
method to improve blood pressure control and reduce
cardiovascular risk. When kidney function deteriorates
despite active treatment, a timely preparation for the start
of renal replacement therapy is essential, with a focus on
patient empowerment and life participation.’

Infection-related glomerulonephritis

Viral, bacterial, and fungal infections can all be associated
with infection-related glomerulonephritis. Two different
types can be distinguished on the basis of the temporal
relation between the infection and the onset of the
glomerular disease: post-infectious glomerulonephritis
(PIGN) and glomerulonephritis associated with an
active infection.*” The incidence of PIGN has declined
particularly in high-income countries, whereas the
incidence of glomerulonephritis associated with an active
infection has increased over the past few decades.

Clinical presentation

PIGN generally presents 1-6 weeks after the resolution
of the infectious episode. *""* The prototypical example of
PIGN is poststreptococcal glomerulonephritis caused by

Panel: Initial laboratory evaluation in patients suspected
as having glomerulonephritis

» Complete blood count

+ Urinalysis with a careful search for red blood cell casts

+ Proteinuria quantification (on a 24 h urine sample)

+ Complete metabolic panel

+ (3 and C4 complement concentrations

+ Anti-double stranded DNA antibody

+ Anti-neutrophil cytoplasmic antibodies and anti-
glomerular basement membrane serology

+ Hepatitis B, hepatitis C, and HIV serology

+ Monoclonal protein studies and plasma free light chains
(in patients aged >50 years)

» C-reactive protein

+ Cryoglobulins and rheumatoid factor (in patients
presenting with palpable purpura, arthralgia, or arthritis;
peripheral neuropathy; and hypocomplementemia
[low C4 concentration] or both)

+ Anti-streptolysin O titre, anti-deoxyribonuclease B,
and blood cultures (when infection-related
glomerulonephritis is suspected)

1647



Seminar

Glomerulonephritis

v

¢ v

v v

Immune complex associated

Anti-glomerular basement
membrane associated

Anti-neutrophil cytoplasmic
antibodies associated

(3 glomerulopathy

Monoclonal Ig associated

Lupus nephritis

| —>| Proteinase 3 associated |

(3 glomerulonephritis | Proliferative

glomerulonephritis with
monoclonal Ig deposits

Infection related

| —>| Myeloperoxidase associated

Dense deposit disease |

IgA nephropathy |

Yoy v v

Fibrillary (polyclonal) |

v

Cryoglobulinaemic
(polyclonal)

Idiopathic (rare)

Monoclonal Ig deposition
disease

Immunotactoid
glomerulonephritis

Cryoglobulinaemic
(monoclonal)

Crystal storing
histiocytosis,
crystalglobulinemic
glomerulonephritis, or
fibrillary (monoclonal, rare)

1648

Figure 1: Classification of glomerulonephritis based on cause

specific nephritogenic strains of group A f-haemolytic
streptococci in the context of an infection of the pharynx
or skin. PIGN is typically a childhood disease but can
occur in adults, mostly in patients aged older than
60 years."” Although most cases of PIGN are subclinical,
a small proportion of patients present with the nephritic
syndrome. Further non-invasive clues to the diagnosis
are a positive anti-streptolysin O test (positive in 95% of
patients with pharyngitis and 80% of patients with a skin
infection), presence of anti-DNase B antibodies, and low
C3 concentrations. In children, the diagnosis is made on
a clinical basis and a kidney biopsy is usually not
performed. In adults and in patients with persistently
low C3 concentration (>3 months), a kidney biopsy is
recommended to rule out the other causes of nephritic
syndrome.

In contrast, glomerulonephritis associated with an
active infection occurs in the setting of an ongoing
infectious process. This type includes staphylococcus-
associated glomerulonephritis (SAGN) that develops in
people with a subacute or chronic infection with
methicillin-sensitive or methicillin-resistant Staphylococcus
aureus (including sepsis, soft tissue and skin infection,
osteomyelitis, lung abscess, and pneumonia), as well as
glomerulonephritis associated with bacterial endocarditis
(mainly caused by S aureus, viridans group streptococci,
and Streptococcus mutans, and the HACEK group of
fastidious Gram-negative bacilli including Haemophilus
spp, Aggregatibacter spp, Cardiobacterium  hominis,

Eikenella corrodens, and Kingella spp), shunt nephritis,
deep-seated abscesses, and central venous catheter
infections.” SAGN typically affects older male patients
(50-70 years), who often have diabetes, or younger patients
in the setting of intravenous drug abuse and associated
endocarditis. These patients present with the nephritic
syndrome or rapidly progressive glomerulonephritis. A
low C3 concentration is present in 30-50% of patients.
Blood cultures are positive for the causative microorganism
in approximately 50% of patients.

Infection-related glomerulonephritis is thought to
result from immune-complex deposition along the
capillary walls with secondary complement activation as
shown by bright C3 staining on immunofluorescence
microscopy. The antigens probably include intracellular,
membrane, and extracellular secretory bacterial proteins.
One study revealed antibodies to complement factor B
in patients with PIGN, contributing to the activation
of the alternative complement pathway* A genetic
predisposition is suggested by familial clusters of PIGN.®

Pathology

Both PIGN and glomerulonephritis associated with an
active infection are characterised on light microscopy by
a diffuse proliferative pattern of injury with endocapillary
hypercellularity and leukocyte infiltration including
neutrophils (figure 2A—C). The term exudative glomerul-
onephritis is sometimes used to describe the extensive
neutrophil infiltration of the capillary loops. Crescents
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are more likely present in SAGN than in PIGN.
Immunofluorescence microscopy in PIGN features
bright staining for C3, often along with lesser degrees of
IgG. The staining pattern of C3 and IgG can be coarse
granular along the capillary walls (garland pattern) or
scattered and randomly distributed fine granular
deposits (starry sky pattern). Occasionally, only
mesangial staining is present. Immunofluorescence
microscopy in SAGN typically shows IgA that is either
dominant or codominant with IgG and often
accompanied by C3 in the mesangium and along the
capillary walls, resembling primary IgA nephropathy.
Hence, the term IgA-dominant infection-associated
glomerulonephritis is sometimes used to identify
SAGN. The classic finding on electron microscopy is
subepithelial hump-shaped electron dense deposits. A
few subendothelial and mesangial electron dense
deposits might also be present. Subepithelial humps are
more likely found in PIGN than in SAGN.

Treatment

The treatment of infection-related glomerulonephritis is
supportive and directed at controlling hypertension, fluid
retention, and oedema. Sometimes temporary dialysis is
required. Antibiotics might be used in PIGN if there is
evidence of an ongoing streptococcal infection, which
also prevents infection spreading to other people the
patient is in contact with. The use of glucocorticoids in
the treatment of crescentic PIGN is controversial.* In
children the prognosis is usually excellent, with serum
creatinine returning to baseline within 4 weeks and
haematuria resolving within 3-6 months. However,
in some (primarily adult) patients, reduced eGFR,
haematuria, and proteinuria persist longer than 6 months,
increasing the possibility of an underlying disorder in the
alternative complement pathway, requiring further
exploration.”” The treatment of glomerulonephritis
associated with an active infection should be aimed at
eradication of the ongoing infection. The role of
immunosuppression is unproven and might even have
catastrophic consequences, especially in patients at an
older age and with comorbid diseases.” The prognosis of
IgA-dominant infection-associated glomerulonephritis is
generally poor, especially in patients with diabetes.”
Other forms of glomerulonephritis associated with an
active infection have a better prognosis, provided there is
the early recognition and swift eradication of the infection.

IgA nephropathy

IgA nephropathy is the most common form of primary
glomerulopathy, with the highest prevalence globally in
east Asia.”” Galactose-deficient IgA1 molecules that are
thought to originate in mucosal tissue or from polymeric
IgAl produced in the bone marrow lead to the formation
of anti—galactose-deficient IgAl autoantibodies, with the
deposition of IgG or IgA anti—galactose-deficient IgA1l
immune complexes in the mesangium and resulting in

www.thelancet.com Vol 399 April 23, 2022

Extrarenal manifestations Laboratory markers

Key pathological features

Positive blood cultures
and low C3

Impetigo, pharyngitis,
endocarditis, and abscess

Infection-related
glomerulonephritis*

IgA nephropathy* Synpharyngitic haematuria, Galactose-deficient IgA1
skin rash, and abdominal
pain (IgA vasculitis)

Lupus nephritis* Skin rash, arthralgias,and ~ Antinuclear antibody,

anti-double stranded
DNA antibody, low C3 or
(4, and anti-
phospholipid antibodies

serositis

Pulmonary nodules or
infiltrates; ear, nose, or
throat involvement;
arthralgias; leukocytoclastic
vasculitis; and neuropathy

Positive anti-neutrophil
cytoplasmic antibodies
(proteinase 3 or
myeloperoxidase)

Anti-neutrophil
cytoplasmic
antibodies-associated
glomerulonephritis

Pulmonary haemorrhage  Anti-glomerular
basement membrane
antibody (with or
without anti-neutrophil

cytoplasmic antibodies)
Low C3 or C4 and
monoclonal Ig

C3 nephritic factor

Anti-glomerular
basement membrane
glomerulonephritis

Synpharyngitic haematuria,
drusen, and autoimmune
disease

(3 glomerulopathy

Low C3 or C4 and
monoclonal Ig

Haematological
malignancy and
monoclonal gammopathy
of renal significance

Monoclonal Ig-
associated
glomerulonephritis

Purpura, skin ulcers,
arthralgias, and peripheral
neuropathy

Hepatitis serology, low
C4, monoclonal Ig,
haematological or
autoimmune disease
biomarkers, or
seronegative

Cryoglobulinaemic
glomerulonephritis*

*Immune-complex glomerulonephritis.

Diffuse proliferation;
immunofluorescence:
IgGand C3

Mesangial, endocapillary
proliferation, and
crescentic;
immunofluorescence:
mesangial IgA

Mesangial, endocapillary
proliferation,

and crescentic;
immunofluorescence:
so-called full house

Necrotising crescentic;
immunofluorescence:
negative or trace lg

Necrotising crescentic;
immunofluorescence:
linear IgG along
glomerular basement
membrane

Mesangial, endocapillary
proliferation,
membranoproliferative,
and crescentic;
immunofluorescence:
(3 dominant

Membranoproliferative;
immunofluorescence:
IgG (monotypic), k or A
light chain restriction

Membranoproliferative;
immunofluorescence:
depends on type of
cryoglobulin, IgM or IgG,
and light chain restriction

Table 2: Overview of the different forms of glomerulonephritis

the activation of complement and cytokine cascades.”
Increased IgAl concentrations occur in 30-40% of
the patients with IgA nephropathy, but are not
associated with the prognosis or response to immuno-
suppressive therapy” Secondary causes of IgA
nephropathy include chronic liver disease, coeliac disease,
dermatitis herpetiformis, and ankylosing spondylitis.
Genome-wide association studies have identified many
susceptibility loci for IgA nephropathy.”

Clinical presentation

Patients generally present during the second or third
decades of life with asymptomatic haematuria with or
without proteinuria, or with an episode of macroscopic
haematuria accompanying an intercurrent upper
respiratory tract infection (synpharyngitic).” Nephrotic
syndrome is seen in less than 10% of patients and raises
the possibility of a podocytopathy (eg, minimal change
disease) superimposed on the IgA nephropathy. Acute
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Figure 2: Kidney biopsy findings on microscopy in acute glomerulonephritis

Each panel represents a disease entity. (A-C) Post-infectious glomerulonephritis. (A) Light microscopy showing
endocapillary hypercellularity with many neutrophils (periodic acid-Schiff stain, x40). (B) Immunofluorescence
microscopy showing granular IgG along the capillary walls (x40). (C) Electron microscopy showing a subepithelial
electron dense deposit (arrow, subepithelial hump; x9300). (D-F) IgA nephropathy. (D) Light microscopy showing
mesangial hypercellularity (haemotoxylin and eosin stain, x40). (E) Immunofluorescence microscopy showing
bright mesangial IgA (x20). (F) Electron microscopy showing many mesangial electron dense deposits

(arrow; x4800). (G-1) Lupus nephritis. (G-H) Lupus nephritis. (G) Light microscopy showing mesangial proliferative
lupus nephritis (class 2; periodic acid-Schiff stain, x40). (H) Wire loops (green arrow) and endocapillary
hypercellularity (white arrow; can be either class 3 or 4 depending on the number of glomeruli involved;
haemotoxylin and eosin stain, x40). (I) Electron microscopy showing fingerprint substructure of electron dense
deposits (x50 000). (J-L) Dense deposit disease. (J) Light microscopy showing a membranoproliferative pattern of
injury (periodic acid-Schiff stain, x40). (K) Immunofluorescence microscopy showing bright staining for C3

(x20; negative staining forimmunoglobulins, not shown). (L) Electron microscopy showing large
intramembranous electron dense deposits (x8000). (M-O) Light chain deposition disease. (M) Light microscopy
showing a both a nodular and membranoproliferative pattern of injury (periodic acid-Schiff stain, x40).

(N) Immunofluorescence microscopy showing bright linear staining A light chains both along the glomerular and
tubular basement membranes (x40; with negative staining for  light chains, not shown). (O) Electron microscopy
showing powdery punctate electron dense deposits along the tubular basement membranes (x4000).

kidney injury occurs in less than 5% of patients, either
secondary to an episode of macroscopic haematuria with
usually reversible acute tubular damage because of red
blood cell casts,® or because of rapidly progressive
glomerulonephritis that generally has a bad prognosis.”

1650

In up to 60% of patients, IgA nephropathy has a benign
clinical course, with stable proteinuria of less than
500 mg per 24 h and preserved kidney function.
However, the progression to end-stage kidney disease
(ESKD) occurs in up to 40% of patients older than
10-25 years.” Superimposed conditions, such as Alport
syndrome or thrombotic microangiopathy, can markedly
affect the prognosis.” Clinical predictors of progression
include proteinuria of more than 1 g per 24 h,
hypertension, the presence of crescents on a kidney
biopsy, and impaired kidney function at diagnosis. Any
degree of proteinuria carries a worse prognosis in IgA
nephropathy than in other forms of glomerular disease.
The International IgA Nephropathy Network®” has
developed a risk-prediction tool that combines clinical
and histological variables, including: (1) age; (2) eGFR,
mean blood pressure, and proteinuria at biopsy;
(3) Oxford-MEST score; (4) the use of RAAS blockade;
and (5) immunosuppression at biopsy, which can predict
a 50% decline in kidney function or ESKD with good
accuracy and can be calculated using the decision
support app International IgAN prediction tool at biopsy
QxMD. Use of this prediction tool to decide on the use of
immunosuppressive therapy has improved outcomes
compared with the use of proteinuria alone as a
prediction marker.” The tool does not include crescents
and haematuria, both of which have been shown to be
associated with outcome, and cannot be used to establish
the effect of a particular immunosuppressive treat-
ment.**

The systemic form of IgA nephropathy is called IgA
vasculitis (formerly Henoch-Schonlein purpura). This
form is more common in children and manifests with
leukocytoclastic vasculitis (more prominent below the
waist), arthralgias, abdominal pain, and kidney
involvement in 30-50% of patients. The prognosis is
generally good for children but varies in adults.”

Pathology

On light microscopy, the prominent pattern is that of
mesangial proliferative glomerulonephritis. However,
endocapillary proliferative and crescentic and necrotising
glomerulonephritis might also be seen. Sclerosing patterns
varying from focal segmental glomerulosclerosis to
extensive global glomerulosclerosis might be present.
Immunofluorescence microscopy characteristically shows
mesangial IgA immune deposits. Electron microscopy
typically reveals mesangial electron-dense deposits,
although less commonly, a few capillary wall deposits
might be present (figure 2D-F).

The Oxford classification of IgA nephropathy, often
called the MEST-C score, is based on five variables:
mesangial hypercellularity (M score), endocapillary hyper-
cellularity (E score), segmental sclerosis (S score), extent of
tubular atrophy and interstitial fibrosis (T score), and
crescents (C score). The specific score for each pathological
feature has an independent prognostic value***

www.thelancet.com Vol 399 April 23, 2022
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Treatment

In patients with healthy kidney function and proteinuria
of less than 0-75-1-00 g per 24 h, treatment is supportive
as discussed in the general management of glomeru-
lonephritis.® The use of an SGLI2 inhibitor has been
shown to strongly reduce the risk of kidney failure or
death in patients with IgA nephropathy.” Thus, the
addition of an SGLI2 inhibitor to RAAS blockade should
be considered in all patients with persistent proteinuria
despite optimal blood pressure control. The 2021 Kidney
Disease Improving Global Outcomes (KDIGO) guidelines
state that patients with persistent proteinuria of more
than 0-75-1-00 g per 24 h despite optimised supportive
care for at least 3 months or who are at a high risk of a
progressive loss of kidney function might be considered
for treatment with glucocorticoids or referred to a clinical
trial of novel therapeutic agents.' However, the clinical
benefit of glucocorticoids in IgA nephropathy has
not been established.”* Although studies and large
meta-analyses have suggested a beneficial effect of
glucocorticoids in patients with proteinuria of more than
1 g per 24 h,* the STOP IgA nephropathy trial done in
western European patients with an eGFR of 60 mL per
min per 1.73 m2 or more and proteinuria of 1-6+£0-8 g
per 24 h found no short-term or long-term benefit of
glucocorticoid monotherapy.** On the other hand, the
Therapeutic Evaluation of Steroids in IgA Nephropathy
Global Study (TESTING) study*® (NCT number 01560052),
done in 503 mainly Chinese patients with an eGFR of
more than 20 mL per min per 1-73 m2 and proteinuria of
more than 1 g per 24 h, showed that 6-9 months of oral
methylprednisolone reduced the risk of major kidney
outcomes and kidney failure in people with IgA
nephropathy (257 patients vs 246 on placebo). The
protective effect for the kidney of methylprednisolone was
similar across subgroups, including the full and reduced
dose regimen groups. The incidence of serious adverse
events increased, particularly with high-dose steroid
therapy. The TESTING study will also evaluate the
predictive value of histopathology (using the MEST-C
Oxford scoring system) on steroid responsiveness.”
Preliminary studies also showed a benefit of budesonide
designed to release the active steroid in the ileum, and a
phase 3 trial (NEFIGARD; NCT number 03643965) is
ongoing.” The use of mycophenolic acid salts has shown
positive results in Chinese patients and in a retrospective
study.”* Early favourable effects with the use of cyclo-
phosphamide followed by azathioprine for patients with
an eGFR of less than 60 mL per min could not be
confirmed by the STOP-IgA nephropathy trial.** One
pilot study showed no effect of rituximab in IgA
nephropathy but another study suggested benefit in IgA
vasculitis.™* Patients presenting with rapidly progressive
glomerulonephritis with crescents can be administered
intravenous methylprednisolone, followed by oral
prednisone and cyclophosphamide, mycophenolate
mofetil, or rituximab.” The use of plasma exchange in
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these patients is debatable. Patients with superimposed
minimal change disease on a background of IgA
nephropathy should be treated the same as patients with
only minimal change disease. Patients with an eGFR of
less than 30 mL per min per 1-73 m2 and advanced
chronic changes on a kidney biopsy should be treated
conservatively and referred for renal replacement therapy.

Lupus nephritis

Lupus nephritis occurs in up to 50-70% of patients with
systemic lupus erythematosus (SLE), generally within
5 years of diagnosis, and more frequently in individuals
of African American, Hispanic, and Asian ethnicity, a
younger age, and male sex.™" Similar to patients with
SLE, there is a genetic predisposition, supported by
disease clustering in families, twin concordance, and
racial differences in susceptibility. The occurrence of
lupus nephritis is associated with an adverse prognosis.®®

Clinical presentation

Patients with lupus nephritis generally have proteinuria
and microscopic haematuria, and frequently also
leukocyturia. However, the urinalysis does not always
reflect the severity of the glomerular lesion, and the
presentation can range from a healthy urinary sediment,
healthy kidney function, and absence of proteinuria, to
nephrotic syndrome, acute nephritic syndrome, or rapidly
progressive glomerulonephritis. Less frequently, patients
might present with tubulointerstitial disease manifested as
renal tubular acidosis or isolated interstitial nephritis.
Hypertension is common and can be severe. Typically,
patients with proliferative lupus nephritis will have positive
anti-nuclear antibodies and anti-double stranded DNA
antibodies, along with low C3 and C4 complement
concentrations. Anti-Clq and anti-Sm antibodies might
also be present. Anti-phospholipid antibodies are common,
and patients might present with a thrombotic
microangiopathy.® Other conditions that can mimic the
extrarenal manifestations of SLE and can be associated
with kidney involvement include Sjégren syndrome,
primary antiphospholipid syndrome, and mixed
connective tissue disease.

Pathology

A kidney biopsy is the gold standard to diagnose lupus
nephritis and characterise the histological patterns of
injury, which can range from minimal or mild mesangial
proliferative glomerulonephritis to diffuse endocapillary
proliferative glomerulonephritis with crescentic and
necrotising lesions. In addition, tubulointerstitial and
vascular lesions might also be present. Based on light
microscopy findings, the International Society of
Nephrology and Renal Pathology Society classification of
lupus nephritis recognises six morphological classes of
kidney involvement: minimal mesangial (class 1),
mesangial proliferative (class 2), focal (class 3), diffuse
(class 4), membranous (class 5), and advanced sclerosing
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(class 6).”* In the first two classes, the involvement is
restricted to the mesangium, with class 1 having no
proliferative features and class 2 having mesangial
proliferation. Class 3 and class 4 are both characterised by
endocapillary hypercellularity, with or without crescents,
necrosis, immune microthrombi and wire loops, and
neutrophils in the capillary loops, but are distinguished
from each other by the extent of glomerular involvement
by any of the aforementioned findings (<50% of the
glomeruli for class 3 and =50% of the glomeruli for class
4). Class 5 is defined by a membranous nephropathy
pattern of injury, either as an isolated finding or in
coexistence with either class 3 or 4 lupus nephritis. Class 6
shows extensive chronic changes, with more than 90% of
glomeruli undergoing global sclerosis.

On the basis of the extent of the lesions, an activity and
chronicity score are also established. Patients might
migrate from one class to another spontaneously or after
treatment. Immunofluorescence microscopy typically
shows the glomerular deposition of IgG, IgM, IgA, Clq,
and C3 (ie, a full house pattern). The location of immune
deposits is dictated by the lupus nephritis class: mesangial
in class 1 and 2, and along the capillary wall in class 3, 4,
and 5. On electron microscopy, mesangial and suben-
dothelial deposits are present depending on the lupus
nephritis class. In class 5, subepithelial deposits are
present. Tubuloreticular inclusions are common within
glomerular and vascular endothelial cells. Electron-dense
deposits sometimes show fingerprint-like substructures
(figure 2 G-I). Histological lesions correlate with outcome,
with class 3 and 4 (with or without class 5) having the worst
prognosis. Other manifestations include acute and chronic
tubulointerstitial nephritis, glomerular capillary thrombi
in patients with antiphospholipid antibodies, and lupus
podocytopathy.®

Treatment

The prognosis of class 1and 2 lupus nephritis is excellent,
and immunosuppression should be guided by extrarenal
disease manifestations. Patients with nephrotic syndrome
due to lupus podocytopathy should be managed as having
minimal change disease. Patients with class 3 and 4 lupus
nephritis, with and without class 5, should undergo
induction therapy with corticosteroids plus cyclo-
phosphamide or mycophenolate mofetil (MMF). Both
treatment methods are considered equivalent. The Joint
European League Against Rheumatism and European
Renal Association—-European Dialysis and Transplant
Association® and 2021 KDIGO guidelines recommend
induction therapy with intravenous methylprednisolone,
0-5-2-5 g over 1-3 days, followed by oral prednisolone,
0-3-1.0 mg/kg per day, plus intravenous cyclo-
phosphamide, 500 mg every 2 weeks for six doses in total
(Euro-Lupus regimen) or oral MMF, 2-3 g per day for
6 months.! Both guidelines suggest that prednisone
should be tapered to 7- 5 mg per day or less by 3—6 months.
A more intense immunosuppressive regimen (the

National Institutes of Health regimen) can be used for
patients with severe disease, such as those with
necrotising crescentic glomerulonephritis on biopsy or
rapidly deteriorating kidney function, or both. A
multitarget regimen combining glucocorticoids, MMF,
and a calcineurin inhibitor has shown good efficacy
compared with cyclophosphamide in Chinese patients.”
The beneficial effects of this multitarget approach were
confirmed using voclosporin as the calcineurin inhibitor
added to low-dose prednisone and MMF in a more diverse
patient population.® The addition of belimumab, a
monoclonal antibody that blocks B cell activating factor,
to a background of glucocorticoids, MMF, or low-dose
cyclophosphamide significantly increased the proportion
of patients achieving the primary efficacy endpoint in
their renal response at 2 years.” Based on the results of
these two trials, belimumab and voclosporin received US
Food and Drug Administration approval for the treatment
of lupus nephritis. However, voclosporin has not been
compared directly with tacrolimus or cyclosporine in
lupus nephritis. Obinutuzumab, a new humanised anti-
CD20+ B cell monoclonal antibody, has shown promising
preliminary results and is currently being evaluated in a
phase 3 trial.® Patients with pure class 5 lupus nephritis
and low amounts of proteinuria should be treated initially
with supportive therapy only." However, the development
of progressive proteinuria or nephrotic syndrome should
result in the use of corticosteroids plus an additional
immunosuppressive agent (eg, cyclosporine, tacrolimus,
MMEF, or rituximab). Patients with lupus nephritis
that are in remission should receive maintenance
immunosuppression. The duration of the maintenance
therapy is debatable. We recommend the continuation
of maintenance therapy as long as there is evidence
of SLE immunological activity (ie, positive for anti-
double stranded DNA antibodies and low complement
concentrations). A repeat kidney biopsy should be
considered when the clinical and laboratory data do not
match; for example, when a patient is negative for anti-
double strand DNA antibodies and serum C3 and C4
complement concentrations within the normal range but
with increasing proteinuria or decreasing kidney
function, or both (eg, to rule out pure class 5 lupus
nephritis)  despite adequate immunosuppression.
Repeating a kidney biopsy in the presence of active
immunological activity does not seem justifiable;
treatment should be optimised to induce immunological
remission first. Also, redoing a biopsy when a patient is
close to being in immunological remission (<6 months)
might give misleading information because of the typical
delay between immunological remission and the
improvement of histological changes. Despite advances
in therapy, a significant proportion of patients do not
reach remission and progress to ESKD.* Patients with
ESKD should be considered for kidney transplantation
because there is a low rate of recurrence in the
transplanted kidney.
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ANCA-associated glomerulonephritis

ANCA are antibodies against proteins within the granules
of neutrophils and lysosomes of monocytes. Indirect
immunofluorescence microscopy of a patient’s serum on
ethanol-fixed neutrophils reveals two distinct patterns of
neutrophil staining that distinguish between the two major
subtypes of ANCA: cytoplasmic ANCA and perinuclear
ANCA staining. Most cytoplasmic ANCA are specific for
proteinase 3, whereas most perinuclear ANCA are specific
for myeloperoxidase. ANCA-associated vasculitis (AAV) is
classified according to the Chapel Hill Consensus as a
microscopic polyangiitis, granulomatosis with polyangiitis,
or eosinophilic granulomatosis with polyangiitis.”
Approximately 85% of the patients with granulomatosis
with polyangiitis are proteinase 3 ANCA positive and
approximately 15% are myeloperoxidase ANCA positive,
whereas approximately 85% of patients with microscopic
polyangiitis are myeloperoxidase ANCA positive and
approximately 15% are proteinase 3 ANCA positive.”
Global variations exist with myeloperoxidase ANCA being
more common in Japanese, Chinese, and southern
European populations, whereas proteinase 3 ANCA is
more common in all other populations.” Myeloperoxidase
ANCA occurs more frequently in older patients
(>65 years).” ANCA-associated glomerulonephritis is a
frequent presentation of AAV and occurs in approximately
70% of patients, more commonly in patients with
myeloperoxidase ANCA and in older patients.”” Severe
kidney involvement and an older age are associated with a
higher mortality within the first year of diagnosis.””*

Clinical presentation

ANCA specificity is the major determinant of clinical
presentation. Patients with myeloperoxidase ANCA most
often present with predominant kidney involvement,
whereas patients with proteinase 3 ANCA are more likely
to present with lung cavities or destructive ear, nose, and
throatinvolvement.” ANCA-associated glomerulonephritis
is the most frequent cause of rapidly progressive
glomerulonephritis in patients older than 60 years.”

Pathology
Light microscopy reveals necrotising and crescentic
lesions (figure 3) with a variable extent that can involve a
few glomeruli (focal) to more than 50% of glomeruli
(diffuse). A characteristic feature is the concomitant
presence of lesions in different stages of the disease
process: glomeruli might be healthy or affected by
cellular, fibrocellular, or fibrous crescents of varying
sizes. Immunofluorescence microscopy is negative or
shows minimal immunoglobulin or complement
deposits (pauci-immune), although crescents and areas
of necrosis might reveal segmental coarse deposits of
immunoglobulin and complement.”**

Electron microscopy is negative or might show a few
small electron dense deposits in the mesangium and
along the capillary walls. The Berden classification
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stratifies ANCA-associated glomerulonephritis into
focal, crescentic, mixed, and sclerotic classes and has
prognostic relevance, but it does not predict outcomes
when the eGFR s less than 15 mL per min per 1-73 m2.#%

Treatment

Patients with newly diagnosed or relapsing ANCA-
associated glomerulonephritis have traditionally been
administered intravenous methylprednisolone (1-3 g)
followed by high-dose oral glucocorticoids (prednisone
1 mg/kg per day for 2 weeks, tapered to approximately
20 mg per day by week 12) combined with either
cyclophosphamide or rituximab.®* Therapy should be
initiated as soon as the diagnosis is made (even if a
kidney biopsy has not yet been performed) and potential
contraindications (eg, an active infection) are ruled out,
since delayed treatment is associated with worse
outcomes.” A reduced dose and rapid oral glucocorticoid
taper (prednisone 1 mg/kg per day for 1 week, tapered to
approximately 7-5 mg per day by week 12) is as effective
and safer than traditional high-dose regimens and should
become the new standard of care.” Cyclophosphamide
can be administered as daily oral or intermittent
intravenous pulsed therapy for 3—6 months (appendix see Online for appendix
p 1). Both regimens are equally effective in inducing
remission.® Intravenous pulsed cyclophosphamide

Figure 3: Anti-glomerular basement membrane and anti-neutrophil cytoplasmic antibodies
glomerulonephritis

Top row: anti-glomerular basement membrane glomerulonephritis. (A) Light microscopy showing a severe
necrotising and crescentic glomerulonephritis involving all three glomeruli with circumferential crescents (silver
methenamine stain, x20). (B) Immunofluorescence microscopy showing bright linear IgG staining along the
glomerular basement membranes (x20). Bottom row: anti-neutrophil cytoplasmic antibodies glomerulonephritis.
(C) Myeloperoxidase anti-neutrophil cytoplasmic antibodies glomerulonephritis showing a crescentic
glomerulonephritis with a cellular crescent involving one glomerulus, along with a globally sclerosed glomerulus,
and few normal appearing glomeruli (periodic acid-Schiff stain, x10). (D) Proteinase 3 anti-neutrophil cytoplasmic
antibodies glomerulonephritis showing more severe crescentic glomerulonephritis with cellular crescents
involving three glomeruli and one normal appearing glomerulus (silver methenamine stain, x10). Green arrows
point to crescents. Red arrows point to normal appearing glomeruli.
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therapy allows the reduction of the cumulative dose and
subsequent reduction in toxicity, but it is associated with
an increased risk of relapses.” We consider intravenous
pulsed cyclophosphamide for patients who have
been previously administered cyclophosphamide to
reduce the total cumulative dose, for patients who
are intolerant to oral cyclophosphamide, or for patients
in whom fertility or compliance are an issue.
Compared with cyclophosphamide, rituximab is equally
effective in patients with severe kidney disease®** and
superior in patients with proteinase 3 ANCA and relapsing
disease.” One uncontrolled study in 64 patients with
severe AAV reported that a combination of rituximab,
low-dose  intravenous  cyclophosphamide,  oral
glucocorticoids, and plasma exchange resulted in disease
remission at 6 months in 94% of patients, whereas
67% of patients who required dialysis recovered their
kidney function.”* However, the use of rituximab in
combination with cyclophosphamide and glucocorticoids
versus rituximab and glucocorticoids alone has not been
evaluated for efficacy and safety in randomised controlled
studies. A single small retrospective comparison study
suggests no difference in efficacy.”

Patients with myeloperoxidase ANCA that is not severe
and is restricted to the kidneys might benefit from
glucocorticoids with MMF.”” The C5a receptor inhibitor
avacopan with reduced glucocorticoids dose is noninferior
to a prednisone taper with respect to remission at week 26
and superior to a prednisone taper with respect to
sustained remission at week 52.” The use of complement
blockade is likely to herald a new era of minimal or no
glucocorticoid  remission-induction  protocols, and
avacopan has been approved by the US Food and Drug
Administration and the European Medicines Agency as
an add-on to standard treatment for patients with severe
AAV. Although earlier studies suggested that the addition
of plasma exchange reduced the risk of ESKD in patients
with a serum creatinine of more than 5.7 mg/dL at
diagnosis, the PEXIVAS trial showed no benefit of plasma
exchange in patients with pulmonary haemorrhage,
respiratory compromise, or serum creatinine of more
than 5-5 mg/dL.¥ Whether plasma exchange could be of
value in a subgroup of patients requiring dialysis at
presentation is still debated.”™ One meta-analysis
analysed the results of nine trials of plasma exchange
treatment in AAV that were done over a 40-year period
(1980-2020). The authors concluded that plasma
exchange: (1) had no effect on all-cause mortality at
12 months (risk ratio 0-90 [95% CI 0-64-1-27], moderate
certainty); (2) probably reduced the risk of ESKD at
12 months (risk ratio 0-62 [95% CI 0-39-0-98]); and (3)
increased the risk of serious infections at 12 months (risk
ratio 1-27 [95% CI 1-08-1-49], moderate certainty).” With
modern therapies, complete remission can be reached in
70-90% of patients."”

A relapse after a successful remission occurs in 30-50%
of patients within the first 5 years and is predicted by

granulomatosis with polyangiitis phenotype, proteinase 3
ANCA, a history of previous relapses, and rising ANCA
titers."” Treatment follows the same initial approach,
although rituximab is preferred in view of the superior
response observed in the RAVE trial®* Patients with
granulomatosis with polyangiitis presenting with relapsing
disease or with persistently positive myeloperoxidase
ANCA or proteinase 3 ANCA are at a higher risk for future
relapses and should be given maintenance therapy,
preferentially with rituximab.*"* The optimal duration of
maintenance therapy is uncertain. Our approach to
maintenance therapy in patients who are positive for
myeloperoxidase ANCA or proteinase 3 ANCA is to
reschedule rituximab guided by B cell recovery and rising
ANCA titers.”” The efficacy of this approach has been
confirmed in a randomised trial.*® In our experience,
newly diagnosed patients with myeloperoxidase ANCA
who become and stay ANCA negative could be maintained
without immunosuppression provided they are closely
monitored for haematuria with a dipstick every 2 weeks
and for ANCA reappearance every 3—4 months." However,
patients with proteinase 3 ANCA have a higher risk
of relapse, particularly those with a history of
relapse, and should still be administered long-term im-
munosuppression. This treatment method is especially
important for patients with lung or upper respiratory tract
involvement and older individuals with reduced eGFR
who are less likely to tolerate a relapse than younger
patients with a healthy GFR. The 5-year survival of AAV
has steadily improved to 70-80%.”

Anti-GBM glomerulonephritis

Anti-GBM disease is caused by autoantibodies directed at
the non-collagenous 1 domain of the a3 chain of type 4
collagen (classic Goodpasture antigen) that are only found
in specialised basement membranes such as those of the
kidney and lung, explaining the involvement of the kidney
or lung, or both.”™ The term anti-GBM glomeru-
lonephritis specifically refers to glomerular involvement,
the terms anti-GBM disease or Goodpasture’s disease
cover the glomerular and pulmonary involvement caused
by anti-GBM antibodies, and the term Goodpasture
syndrome describes a pulmonary-renal syndrome that can
occur secondary to many diseases (most commonly, AAV).

Clinical presentation

Anti-GBM disease has a bimodal age distribution, with
peak incidences in the third, sixth, and seventh decades of
life." During the sixth and seventh decades of life, kidney-
restricted disease is more common. Most patients present
with rapidly progressive glomerulonephritis and up to
60% have concurrent lung haemorrhage. Patients are
frequently oliguric or anuric at presentation, testifying to
the suddenness and severity of the glomerular injury.
Anti-GBM antibodies are the hallmark of the disease,
although up to 10% patients do not have detectable
anti-GBM antibodies when examined by conventional
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methods.™ In these patients, the target of the autoreactive
antibodies is usually a collagenous basement membrane
componentdistinctfrom the classic Goodpasture antigen.™
Patients with atypical anti-GBM glomerulonephritis
clinically  characterised by an indolent course
(haematuria, proteinuria, and mild renal insufficiency)
without pulmonary haemorrhage have also been
described.™ A significant proportion of patients with
anti-GBM glomerulonephritis also have circulating
(usually myeloperoxidase) ANCA, suggesting more than a
fortuitous coexistence of these two rare diseases in a
single patient."""™ ANCA detection might precede the
onset of anti-GBM glomerulonephritis, suggesting that
ANCA might induce glomerular inflammation, modifying
or exposing the sequestered epitopes in the GBM that
subsequently trigger the development of anti-GBM
antibodies."™ Patients with a double-positive phenotype
present with severe kidney and lung disease, showing the
early morbidity and mortality of anti-GBM disease, and
should be treated as patients with single-positive anti-
GBM glomerulonephritis (discussed later).” Patients who
are double positive have a tendency to relapse, similar to
patients with AAV, and should be considered for
maintenance immunosuppression as in patients with
AAV'IZO

Pathology

Light microscopy reveals the involvement of more than
50% of glomeruli by necrotising and crescentic lesions in
most patients (figure 3)."> The crescents of anti-GBM
glomerulonephritis are generally large and synchronous;
namely, in the same phase and cellular, in contrast with
the non-synchronous crescents of varying sizes in ANCA-
associated glomerulonephritis. Immunofluorescence
microscopy characteristically shows the linear deposition
of polyclonal IgG and frequently C3 along the GBM, as
opposed to the granular capillary wall deposits in
immune-complex glomerulonephritis and the linear
GBM (and tubular basement membrane) monotypic
deposits in monoclonal immunoglobulin deposition
disease. Identical patterns are found in patients who are
double-positive for anti-GBM antibodies and ANCA.
Electron microscopy shows the disruption of the
glomerular capillary walls and fibrin in the Bowman
spaces and is negative for electron dense deposits along
the capillary walls.

Treatment

The early diagnosis and prompt initiation of treatment
(even before a kidney biopsy) are key determinants of
shortterm and long-term prognosis.”™* Treatment
consists of the rapid removal of the pathogenic
autoantibody with plasma exchange, and high-dose
glucocorticoids (oral prednisolone, 1 mg/kg per day, up to
a maximum of 60 mg per day, tapered once per week
to 20 mg per day by 6 weeks, and subsequently to a
complete discontinuation by 6-9 months) and oral
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cyclophosphamide (2-3 mg/kg per day for 2-3 months)
to prevent or reduce new autoantibody formation. Plasma
exchange is usually performed once per day for 2-3 weeks
and might need to be continued in persistent active
alveolar haemorrhage and when anti-GBM concentrations
do not decrease significantly or rebound after the
withdrawal of plasma exchange.™ The use of rituximab as
an alternative to cyclophosphamide in the initial therapy
of anti-GBM disease is not supported by evidence.
IgG-degrading enzyme of Streptococcus pyogenes, an
endopeptidase that can degrade circulating IgG, rapidly
decreased circulating anti-GBM antibodies in three
patients with refractory anti-GBM glomerulonephritis
that was dialysis dependent,” although kidney function
did not recover. The potential role of this endopeptidase
in the treatment of anti-GBM disease has yet to be
established. Patients who present with a serum creatinine
of less than 5-7 mg/dL have a good prognosis, with
95% kidney survival at 1 year and 91% kidney survival at
5 years.” Patients presenting with serum creatinine of
more than 5-7 mg/dL, but not requiring dialysis, have
corresponding kidney survival rates of 82% at 1 year and
50% at 5 years. Patients presenting with oliguria, a high
proportion of circumferential crescents on biopsy, or
kidney failure requiring dialysis, or a combination, are
unlikely to recover kidney function, unless the kidney
failure is secondary to a superimposed disease (eg, acute
interstitial nephritis)."” Whether patients presenting with
dialysis-dependent kidney failure without pulmonary
haemorrhage should receive active treatment is
debatable.”” Anti-GBM disease is a single-hit disease and
maintenance therapy is not necessary.

3 glomerulopathy

C3 glomerulopathy is a rare disease caused by the
dysregulation of the alternative complement pathway
with the ensuing glomerular deposition of comple-
ment factors. The overactivation of the alternative
complement pathway results from acquired or genetic
abnormalities involving the complement regulating
proteins,” which might be uncovered by triggers such
as infections, autoimmune diseases, and monoclonal
immunoglobulins.”” The deposition of complement
factors then drives glomerular inflammation resulting in a
proliferative glomerulonephritis.”* The defining feature
of C3 glomerulopathy is the presence of bright C3
staining with minimal or no immunoglobulin staining
on immunofluorescence studies.” C3 glomerulopathy is
subdivided into C3 glomerulonephritis and dense deposit
disease, differentiated from each other by the location
and appearance of the glomerular deposits on electron
microscopy. Whether these differences correspond with a
distinct underlying pathophysiology is not yet clear.

Clinical presentation
Haematuria and proteinuria are present in most patients
and proteinuria is often in the nephrotic range.”™?
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Despite the presence of an underlying complement
disorder, low C3 concentrations occur in only 47-65% of
patients and low C4 in 12-14% of patients. A recent
infection, an autoimmune disease, and a monoclonal
gammopathy can each be identified as the triggering
condition in approximately a third of the patients. A
monoclonal immunoglobulin is identified in 65% of
patients older than 50 vyears.®® The monoclonal
immunoglobulin most likely functions as an autoantibody
to a complement regulatory protein, thereby indirectly
activating the alternative complement pathway. A genetic
variant in the alternative complement pathways factors or
auto-antibodies (C3 nephritic factor, anti-factor H
antibody, and anti-factor B antibody) can be detected in
approximately a third of the cases each.”® Rates of
progression vary widely and some patients maintain a
healthy kidney function for decades.” Predictors of poor
prognosis are an increased serum creatinine, proteinuria
of more than 3 g per 24 h at presentation, and extensive
chronic damage on kidney biopsy, with an overall median
kidney survival (doubling of serum creatinine or ESKD) of
91 months."” Some patients with presumed post-infectious
glomerulonephritis have persistent haematuria and
proteinuria or even progression to ESKD in the absence of
any evidence of a preceding infection. Most of these
patients with atypical post-infectious glomerulonephritis
have an underlying defect in the regulation of the
alternative complement pathway and probably represent
undiagnosed C3 glomerulonephritis.”

Pathology

Light microscopy most commonly reveals a MPGN,
although mesangial proliferative and crescentic patterns
of injury might also occur. Immunofluorescence studies,
by definition, show bright C3 (2-3+) with no or minimal
(0-1+) immunoglobulin staining. Onelectron microscopy,
C3 glomerulonephritis is characterised by electron-
dense deposits in the mesangial cells and capillary wall,
whereas dense deposit disease is identified by dense
sausage-shaped osmiophilic intramembranous and
mesangial deposits (figure 2J-L).”*" The capillary wall
deposits in C3 glomerulonephritis can be subepithelial,
intramembranous, and subendothelial in location.
Subepithelial hump-like deposits can be found in
approximately half of C3 glomerulonephritis biopsies.
Proteomic analysis reveals that the deposits mainly
consist of C3 and C3 breakdown products with little
amounts of other complement factors."

Treatment

There are no randomized trials to inform treatment
decisions in patients with C3 glomerulonephritis.
Recommendations are largely based on clinical
experience and account for the severity of kidney
dysfunction, degree of proteinuria, presence or absence
of haematuria, and the kidney biopsy findings. Patients
with mild disease, characterised by a healthy kidney

function, low grade proteinuria (<1-5 g per 24 h), and no
clinically significant haematuria (arbitrarily defined as
more than ten red blood cells per high power field) can
be managed conservatively. Patients with proteinuria at
more than 1-5 g per 24 h and with more abnormalities in
various combinations are candidates for treatment with
immunosuppressive agents. We suggest a trial of MMF
combined with oral glucocorticoids, in line with the
KDIGO 2017 controversies conference.” This approach
was particularly effective in patients with complement
autoantibodies, whereas patients with pathogenic
variants in complement genes only reached partial
remission." Conversely, other studies observed lower
response rates to MMEF.”" Relapses occurred after
treatment discontinuation in 33% of the patients who
were in remission and longer treatment of MMF was
associated with a lower risk of relapse. As such, we
recommend that patients with persistent haematuria and
proteinuria of more than 1-5 g per 24 h be on treatment
indefinitely. Eculizumab might be considered in patients
who do not respond to this approach, as suggested by its
efficacyinsome,****butnotall patients.***In patients with
a rapidly progressive crescentic glomerulonephritis,
aggressive immunosuppression with pulse intravenous
methylprednisolone followed by daily oral prednisone
and either cyclophosphamide (oral or intravenous) or
MMF is warranted. Eculizumab might also be effective
in these cases.* Anecdotal reports suggest that plasma
exchange might be of use in patients with C3
glomerulopathy with a genetic mutation."* Therapeutic
trials of drugs aiming at controlling the overactive C3
convertase (anti-C3, anti-factor B, and anti-factor D) are
currently ongoing." In patients with an underlying
monoclonal gammopathy, treatment should be directed
at the clonal disorder (see later).

Monoclonal Ig-associated glomerulonephritis

Monoclonal Ig-associated kidney diseases encompass a
wide spectrum of conditions (appendix pp 2-3). The
phenotypical expression of these diseases depends on the
compartment of the kidney that is involved, the
physicochemical properties of the monoclonal Ig, and
the mechanism through which it causes kidney
damage.'”** Monoclonal immunoglobulin might directly
cause injury via deposition in the glomeruli, tubules, or
blood vessels. In these cases, immunofluorescence
microscopy reveals the culprit monoclonal Ig. Conversely,
the monoclonal immunoglobulin might indirectly inflict
damage through complement activation, as occurs in C3
glomerulonephritis and thrombotic microangiopathy, in
which the immunofluorescence will be negative for
monoclonal immunoglobulin.***  Further subclassi-
fication depends on the ultrastructural characteristics of
the deposits that can be either organised (fibrillar,
microtubular, or crystal) or non-organised. Monoclonal
immunoglobulin deposition disease (MIDD) results
from non-organised deposits of monoclonal immuno-

www.thelancet.com Vol 399 April 23, 2022



Seminar

globulin along the glomerular and tubular basement
membranes and can be subdivided into three types: light
chain deposition disease, heavy chain deposition disease,
and light heavy chain deposition disease, depending on
whether the deposits are composed of light chains, heavy
chains, or both. Other glomerulonephritis resulting from
monoclonal  immunoglobulin  deposits  include
proliferative glomerulonephritis with monoclonal im-
munoglobulin deposits (PGNMID), cryoglobulinaemic
glomerulonephritis, and immunotactoid glomerulopathy
(appendix pp 2-3).

Monoclonal immunoglobulin in the serum or urine
can be traced to a clonal proliferation of immunoglobulin-
producing plasma cells or B lymphocytes.***' The cause
of monoclonal immunoglobulin can vary from a
haematological malignancy such as multiple myeloma,
Waldenstrom macroglobulinaemia, or B cell lympho-
proliferative neoplasm,** to a non-malignant small clonal
proliferation of plasma cells or B lymphocytes.
Monoclonal gammopathy of undetermined significance
refers to the presence of monoclonal immunoglobulin
without a plasma cell or B lymphocyte malignancy or end
organ damage and implies a benign condition.”"* The
term monoclonal gammopathy of renal significance has
been introduced to acknowledge a non-malignant yet
clonal plasma cell or B lymphocyte proliferative disorder
(such as monoclonal gammopathy of undetermined
significance or smouldering myeloma) that results in
monoclonal immunoglobulin-associated renal disease."”
Conceptually, monoclonal gammopathy of renal
significance is neither a specific kidney disease nor a
specific haematological disorder, and instead points to a
condition that might not require immediate therapy from
a purely haematological perspective, but that should be
treated because it causes kidney injury.

Clinical presentation

Kidney involvement is manifested by haematuria,
proteinuria that can be more than 3.5 g per 24 h,
hypertension, and variable degrees of kidney insuffi-
ciency.® C3 and C4 concentrations can be low,
particularly in cryoglobulinaemic glomerulonephritis.
Serum protein electrophoresis in combination with
serum immunofixation confirms the presence of
monoclonal immunoglobulin and allows for the
identification of the heavy chain and light chain class.
Urine protein electrophoresis is less sensitive for
monoclonal immunoglobulin detection. The serum free
light chain assay can detect low concentrations of
monoclonal k or A light chains in the serum, which is of
particular use for clones that produce only a Bence Jones
protein (free light chain not bound to a heavy chain).
When kidney function is impaired, the concentrations of
the free light chain increase because of reduced kidney
clearance, but an abnormal ratio of k-to-A free light chain
points to the presence of a k or A clone. In more than two
thirds of patients with PGNMID, no monoclonal
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immunoglobulin can be identified by serum or urine
protein electrophoresis and immunofixation, the serum
free light chain ratio is normal, and no clone can be
identified on a bone marrow biopsy.” By contrast,
in one series of 73 patients with immunotactoid
glomerulopathy, haematological disorders were present
in 66% of patients, including lymphoma in 41% of
patients, monoclonal gammopathy in 20% of patients,
and multiple myeloma in 6% of patients.”® Similarly,
MIDD most commonly occurs in the context of a plasma
cell disorder, meeting the criteria for multiple myeloma
in approximately 30-50% of patients and of monoclonal
gammopathy of renal significance in 60-70% of
cases.”" An abnormal serum free light chain ratio has
been present in all patients tested.'”

Pathology
Light microscopy in PGNMID, cryoglobulinaemic
glomerulonephritis, and immunotactoid glomerulopathy
most often reveals a MPGN pattern of injury, whereas
MIDD is associated with a mnodular sclerosing
glomerulopathy often with MPGN features (figure 2M-0O).
PGNMID, cryoglobulinaemic glomerulonephritis, and
immunotactoid glomerulopathy result from the deposition
of monoclonal immunoglobulin along the subendothelial
region of capillary walls, most commonly IgG with k and A
light chain restriction. Thus, the complete immunoglobulin
(light chains attached to heavy chain) accumulates in the
subendothelial region resulting in an inflammatory
reaction (appendix p 4). In MIDD, most commonly there
are only light chains that interact with matrix proteins, and
less commonly there are only heavy chains that interact
with matrix proteins. Thus, in MIDD, fine punctate
deposits of monoclonal immunoglobulin are seen all
along the GBM, tubular basement membrane, and in the
mesangium. This pattern does not normally result in an
inflammatoryresponse, butin a sclerosing glomerulopathy.
Immunofluorescence studies typically reveal the
monoclonal immunoglobulin deposits, that appear
linear along the glomerular and tubular basement
membranes in MIDD, granular in the mesangium and
along the GBM and most often include IgG3 in
PGNMID, large and within the lumen of the glomerular
capillaries in cryoglobulinaemic glomerulonephritis, and
along the glomerular capillaries in immunotactoid
glomerulopathy. Electron microscopy findings help to
further distinguish the various patterns: punctate
granular deposits in the mesangium and along the
GBM and tubular basement membrane in MIDD,
non-organised electron dense deposits in the
mesangium and along the capillary walls in PGNMID,
intraluminal deposits with substructures (such as
microtubular, fibrillary, curvilinear, or even fingerprint)
in cryoglobulinaemic glomerulonephritis, and electron
dense deposits that show hollow microtubular
substructures measuring 10-60 nm in diameter in
immunotactoid glomerulopathy.
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Treatment

Plasma cell-targeted therapy and autologous stem cell
transplantation have substantially improved the prognosis
of MIDD. In a series of 169 patients, chemotherapy (using
bortezomib-based therapy in 58% of patients) resulted in
a very good partial haematological response in at least
52% of the patients.”™® A kidney response occurred in
62 patients (36%), all of whom had a haematological
response. Unless haematological remission is reached
after chemotherapy, the disease will recur in the kidney
allograft.”

Most patients with PGNMID progress to ESKD without
treatment.*" The disease often recurs after kidney
transplantation with a high rate of allograft failure.™
Currently, there is no standard of care for patients with
PGNMID. When a pathological clone is detected, the
treatment should be directed towards the pathological
clone.”"> When no pathological clone can be identified,
the consensus practice is to treat patients similarly to
those with multiple myeloma or lymphocytic or
lymphoplasmacytic lymphoma, with a combination of
cyclophosphamide, bortezomib, and dexamethasone
(known as CyBorD), or with rituximab.'” Additionally,
monotherapy with the human IgGk monoclonal anti-
CD38 antibody daratumumab significantly improved
proteinuria and stabilised kidney function in a series of
patients with PGNMID.*¢

Patients with monoclonal immunotactoid glomeru-
lopathy and an identifiable haematological disorder
should be administered clone-directed therapy similar
to in patients with PGNMID."*** The kidney prognosis
in these patients is favourable provided a complete
haematological response is produced.**® Although the
treatment of clone-negative monoclonal immunotactoid
glomerulopathy has not been established, rituximab is
an attractive option, considering the high incidence of
underlying B cell clones.* " Patients with proteinuria
in the subnephrotic range and healthy kidney function
might benefit from a RAAS blockade alone. Immuno-
tactoid glomerulopathy might recur in the kidney
allograft, resulting in the loss of the allograft.””*'®

Cryoglobulinaemic glomerulonephritis

Cryoglobulins are immunoglobulins that precipitate at
cold temperatures and dissolve when rewarmed. Three
types of cryoglobulins can be distinguished on the basis
of the clonality and class of the immunoglobulin involved,
each with particular disease associations (appendix p 2).
Type 1 is a monoclonal immunoglobulin-associated
kidney disease (typically IgG or IgM), usually seen in
association with lymphoproliferative disorders as
described earlier. Types 2 and 3 are referred to as mixed
cryoglobulinaemias because they consist of both IgG
and IgM components. Types 2 and 3 account for
85-90% of all cryoglobulinaemia cases.” Hepatitis C
virus is the leading cause of mixed cryoglobulinemia
worldwide. Other causes include autoimmune disease

(eg, Sjogren syndrome), infections other than hepatitis C
virus (eg, hepatitis B virus), and lymphoproliferative
disorders.” The underlying causes of type 2 and 3
cryoglobulins overlap substantially. Approximately 45% of
mixed cryoglobulinemia cases that are unrelated to
hepatitis C virus are not associated with any known cause
and are called essential cryoglobulinaemia.”

Clinical presentation

The clinical syndrome of cryoglobulinemia is caused by
the deposition of immune complexes in the capillaries
and arterioles with resultant end-organ damage.
Kidney involvement occurs in 20-60% of patients
and covers the entire spectrum of microscopic
haematuria, subnephrotic range proteinuria, nephrotic
syndrome, nephritic syndrome, severe hypertension,
and rapidly progressive glomerulonephritis. Extrarenal
manifestations most commonly occur with the mixed
cryoglobulinaemias and include purpura, skin ulcers,
arthralgias, peripheral neuropathy, and signs of
myocardial ischaemia. C3 and particularly C4
concentrations are usually notably low. The cryocrit is the
percentage of precipitated cryoglobulins in the total
serum volume after centrifugation at 4°C (=1% is
abnormal). The components of the cryoprecipitate are
established by electrophoresis and immunofixation.

Pathology

Cryoglobulinaemic glomerulonephritis shows an MPGN
pattern with abundant infiltrating macrophages and
intraluminal periodic acid-Schiff stain positive deposits
(pseudothrombi) on light microscopy, intraluminal
deposits of immunoglobulins, C3, and Clq on immuno-
fluorescence, and many intraluminal and capillary wall
deposits with substructures (microtubules, fibrils,
curvilinear, and fingerprint) on electron microscopy. The
immunoglobulins most often consist of IgM, and less
commonly IgG. Deposits might sometimes be scant
because of effective phagocytosis by macrophages.

Treatment

Patients with a rapidly progressive, organ-threatening or
life-threatening cryoglobulinaemic syndrome, such as
rapidly progressive glomerulonephritis, should be
administered immunosuppressive therapy, regardless of
the origin of the cryoglobulins,” using a short course of
glucocorticoids combined with rituximab. If rituximab is
unavailable or does not produce a response, cyclo-
phosphamide can be used. After the kidney disease is
stabilised, therapy should be directed at the underlying
condition. Patients with hepatitis C infection but without
decompensated cirrhosis should receive antiviral therapy.
In mixed cryoglobulinemia secondary to HIV or
hepatitis B, antiviral therapy should be initiated before or
concomitantly with the immunosuppressive therapy,
particularly rituximab. Patients with a lymphoproliferative
disorder should receive disease-specific therapy. Patients
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with life-threatening disease (eg, acute respiratory failure
with pulmonary haemorrhage), cryoglobulinaemia-
associated hyperviscosity syndrome, or a high cryocrit
concentration (ie, 210%) should be administered plasma
exchange in addition to immunosuppressive therapy.

Biopsy reporting of glomerulonephritis

Kidney biopsy findings are key to informing the diagnosis
and management of glomerulonephritis and should
be reported in a systematic manner’® First, the
cause (primary diagnosis) of glomerulonephritis should
be reported, such as infection-related glomerulone-
phritis, lupus nephritis, or fibrillary glomerulonephritis
(al examples of immune-complex glomerulone-
phritis); ANCA-associated glomerulonephritis, anti-GBM
glomerulonephritis, C3 glomerulonephritis, or dense
deposit disease; or PGNMID, MIDD, or immunotactoid
glomerulopathy (all examples of monoclonal Ig-associated
glomerulonephritis). Second, the biopsy report should
include the severity and pattern of injury; for example,
diffuse proliferative glomerulonephritis, crescentic and
necrotising glomerulonephritis, membranoproliferative
glomerulonephritis, mesangial proliferative glomeru-
lonephritis, or sclerosing glomerulonephritis. Multiple
patterns of injury might be present in the same kidney
biopsy. Third, the classification and grading of specific
diseases (if present) should be given, such as the MEST-C
score for IgA nephropathy or the International Society of
Nephrology and Renal Pathology Society classification of
lupus nephritis.®* Fourth, additional findings related to
the glomerulonephritis, such as acute tubular injury, or
unrelated, such as diabetic glomerulosclerosis, should be
listed. Finally, the extent of chronic changes should be
graded since they have a bearing on the management and
prognosis of the disease. The extent of glomerulosclerosis,
interstitial fibrosis and tubular atrophy, and arterio-
sclerosis should be graded as minimal, mild, moderate, or
severe using a systematic scoring system.”

Immunostaining and mass spectrometry
Since the immunostaining of the kidney biopsy is essential
in unravelling the cause of glomerulonephritis, the
importance of correct tissue preparation, interpretation,
awareness of pitfalls, and smart use of ancillary techniques
cannot be overstated. Immunofluorescence on frozen
tissueis more sensitive and reliable than immunoperoxidase
on formalin-fixed, paraffin-embedded tissue.”
Immunofluorescence on formalin-fixed, paraffin-
embedded tissue is sometimes used as a salvage technique
when fresh tissue is unavailable or not representative.”
Because formalin fixation induces protein crosslinking,
thus preventing the epitope binding of the diagnostic
antibodies, an antigen-retrieval step is performed, often
with the proteolytic enzyme pronase. Somewhat
unexpectedly, this pronase digestion step appears to
unmask immune complexes or monoclonal deposits that
were not discovered by immunofluorescence staining on
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frozen tissue. As such, pronase digestion has become a
valuable ancillary tool in difficult cases, particularly in the
setting of Monoclonal Ig-mediated glomerular diseases or
C3 glomerulopathy with a circulating Monoclonal Ig to
enable the detection of masked Monoclonal Ig deposits."""
IgG subtyping is another valuable ancillary technique to
confirm the Monoclonal IgG subtype and is recommended
in all patients with suspected Monoclonal Ig."®

Finally, C4d staining might aid the differential diagnosis
of proliferative glomerulonephritis.” C4d is a split product
of C4 activation and reveals activation of the classical or
lectin complement pathways. A positive C4d staining serves
as a marker for immune complex glomerulonephritis,
whereas a negative C4d staining confirms the diagnosis of
C3 glomerulonephritis with the exclusive activation of the
alternative complement pathway. Bright C3 and positive
C4d staining with negative routine immunofluorescence
studies for immunoglobulins suggests the presence of
masked immune deposits that might subsequently be
revealed by pronase digestion.

Laser microdissection and mass spectrometry is a
specialised technique that is helpful in unravelling the
cause of glomerulonephritis by establishing the
glomerular proteomic profile and identifying unique
proteins that are the cause of the glomerulonephritis.” "

Conclusion: moving from a pattern-based to a
cause-based classification

The diagnostic evaluation and treatment of glomeru-
lonephritis can be challenging. Many glomerulonephritis
can manifest with more than one constellation of signs
and symptoms, and show more than one histological
pattern on a kidney biopsy. In addition, a particular clinical
presentation or histological pattern can be caused by
different underlying disease processes. Substantial
progress has been made in unravelling the molecular
causes of glomerular diseases. The causal approach to the
classification of glomerulonephritis is progressively
replacing the traditional pattern-based classification and
will undoubtedly be expanded in the future. We state that
a condition can be most accurately described by combining
the different approaches. A few prototypical examples of
informative classification are: C3 glomerulopathy with an
MPGN pattern of injury caused by a complement factor H
mutation, IgA-dominant infection-related glomeru-
lonephritis with a diffuse exudative glomerulonephritis
pattern of injury caused by S aureus endocarditis, and
PGNMID with an MPGN pattern of injury caused by
IgG3 k monoclonal gammopathy of renal significance.
This systematic approach provides clinicians with the
essential information necessary to understand the
underlying pathophysiology and direct treatment to the
causative factors. A better understanding of the underl-
ying mechanisms of disease has already resulted in
substantial advances in the therapeutic approach to
glomerulonephritis, with more targeted and individualised
treatments being used. A collaborative effort of the
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nephrological community to include patients in rationally
designed therapeutic trials might further optimise the
treatment of patients with glomerulonephritis.
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