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Clinical Practice Guideline for the Management
of ANCA-Associated Vasculitis (AAV)

Diagnosis of AAV

Disease assessment

Disease control
‘on drug’ remission

‘O� drug’ remission

Maintenance

Switch to azathioprine
Taper glucocorticoids

Continue rituximab
Taper glucocorticoids

Taper
azathioprine

Stop
rituximab

Induction of remission

No organ-
threatening
involvement

Vital organ/
life-threatening

Serum creatinine
5.7 mg/dl (>500 µmol/l)

Consider 
mycophenolate

mofetil

Consider
plasmapheresis

Cyclophosphamide
+ glucocorticoids

Rituximab +
glucocorticoids

Suspected kidney vasculitis

Clinical presentation compatible
with ANCA vasculitis

PR3– or MPO–ANCA positive
Low suspicion for

secondary vasculitis

Experienced center and
rapidly progressive disease

Commence treatment
Biopsy soon after starting treatment

when feasible

Clinical presentation compatible
with any primary

small-vessel vasculitis
PR3– and MPO–ANCA negative

No biopsy contraindication

Biopsy

Diagnosis of AAV must be made as early as possible to decrease the risk of permanent 
loss of kidney function and life-threatening complications. In case of clinical presenta-
tion compatible with small-vessel vasculitis in combination with positive myeloperoxi-
dase (MPO)- or proteinase 3 (PR3)-ANCA serology, waiting for kidney biopsy should 
not delay starting immunosuppressive treatment, especially in patients who are 
rapidly deteriorating (Figure 1).

Initial treatment of AAV is glucocorticoids in combination with cyclophos-
phamide or rituximab. In patients with markedly reduced or rapidly 
declining kidney function, cyclophosphamide is preferred because of 
limited experience with rituximab (Figure 2).

Rituximab is the preferred initial treatment in children and adolescents, 
pre-menopausal women and men concerned about their fertility, frail 
older adults, patients with relapsing disease, patients with PR3-ANCA 
disease and in patients in whom glucocorticoid-sparing is especially 
important.

Plasma exchange should be considered for patients with SCr >5.7 mg/dl 
(500 μmol/l) requiring dialysis or with rapidly increasing SCr, and in 
patients with diffuse alveolar hemorrhage who have hypoxemia (Figure 
2). Plasma exchange should be added to initial treatment for patients 
with an overlap syndrome of ANCA vasculitis and anti-GBM.

Although high-dose glucocorticoids have traditionally been given during 
the initial treatment of AAV, recent data demonstrated that lower doses 
are equally effective but with fewer short- and long-term toxicities.

Maintenance therapy with either rituximab or azathioprine and low dose 
glucocorticoids is recommended after induction of remission (Figure 2). 
Optimal duration of the maintenance treatment is not known, but 
should be between 18 months and 4 years.

Rituximab as maintenance treatment is preferred in patients with 
relapsing disease, PR3-ANCA disease, frail older adults, azathioprine 
allergy, or when glucocorticoid-sparing is especially important.

When considering withdrawal of maintenance therapy, the risk of 
relapse should be factored in, and patients should be informed of the 
need for prompt attention if symptoms recur.

Patients with relapsing disease (life- or organ-threatening) should be 
re-induced, preferably with rituximab.

Patients with refractory disease can be treated by an increase in glucocor-
ticoids (intravenous or oral), by the addition of rituximab if cyclophospha-
mide induction had been used previously, or vice versa. Plasma exchange 
can be considered.
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of Anti-GBM Glomerulonephritis

Rapidly progressive
glomerulonephritis

Alveolar
hemorrhage absent

Data not back
within 24 h

Alveolar
hemorrhage present

(con�rm with
high-resolution CT scan)

Treat with
glucocorticoids and

plasma exchange
until data are back

con�rming a
diagnosis of

anti-GBM diseases

At presentation, send serology for:
• Anti-GBM antibodies

• Antineutrophil cytoplasmic antibodies
• Antinuclear antibodies

Exclude infection
At presentation or within 24 h, obtain

kidney biopsy including immuno�uorescence

Data back
within 24 h
con�rming

anti-GBM disease

Treat with glucocorticoids, plasma
exchange and cyclophosphamide

Monitor kidney function, pulmonary
in�ltrates, anti-GBM antibody titers

and blood counts

Consider conservative approach in patients
without alveolar hemorrhage but who are

oliguric and/or have advanced kidney failure
requiring dialysis, especially if they have a

very high proportion of crescents (85%–100%)
on kidney biopsy

Modify treatment appropriately

In all patients with a rapidly progressive glomerulonephritis, a 
diagnosis should be made as quickly as possible, but if anti-GBM 
disease is suspected, treatment should be started without delay, 
even if diagnosis has not been con�rmed (Figure 1).

Immunosuppression with cyclophosphamide and glucocorti-
coids plus plasmapheresis should be initiated in all patients with 
anti-GBM except those who need dialysis at presentation, have 
100% crescents or >50% global glomerulosclerosis in an 
adequate biopsy sample, and do not have pulmonary hemor-
rhage (Figure 1). Treatment for anti-GBM disease should start 
without delay if this diagnosis is suspected, even before the 
con�rmed diagnosis.the patient displays steroid resistance, has 
an atypical clinical course, or is > 12 years of age at presentation.

Plasma exchange should be performed until anti-GBM antibod-
ies in serum are no longer detectable. Cyclophosphamide should 
be administered for 2–3 months and glucocorticoids tapered 
over 6 months. No maintenance therapy of anti-GBM disease is 
necessary with the exception of patients who are also anti-neu-
trophil cytoplasmic antibody (ANCA)-positive.

In refractory anti-GBM disease, rituximab may be tried.

Kidney transplantation in patients with kidney failure due to 
anti-GBM disease should be postponed until anti-GBM antibod-
ies remain undetectable for at least 6 months.

Diagnosis

Treatment

Length of treatment

Refractory disease

Kidney transplantation

Figure 1
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Takeaways for Clinicians from the KDIGO 2021 Clinical Practice
Guideline for the Management of Immunoglobulin- and
Complement-Mediated Glomerular Diseases with a
Membranoproliferative Glomerulonephritis (MPGN) Pattern of Injury

Immunoglobulin-/
immune complex-
mediated

Deposition of antigen–antibody immune
complexes as a result of an infection:
• Viral: hepatitis C (including HCV-associated mixed
  cryoglobulinemia), hepatitis B
• Bacterial: endocarditis, infected ventriculo-atrial
  shunt, visceral abscesses, leprosy, meningococcal
  meningitis
• Protozoa/other infections: malaria,
  schistosomiasis, mycoplasma, leishmaniasis,
  �lariasis, histoplasmosis

Deposition of immune complexes as a result of
an autoimmune disease: 
• SLE
• Sjögren’s syndrome
• Rheumatoid arthritis
• Mixed connective tissue disease

Deposition of monoclonal Ig as a result of a
monoclonal gammopathy due to a plasma cell
or B cell disorder

Fibrillary glomerulonephritis

Idiopathic
• None of the conditions above are present
 

Complement-mediated C3 glomerulonephritis and C3 DDD:
• Mutations in complement regulatory proteins:
  CFH, CFI, CFHR5
• Mutations in complement factors: C3
• Antibodies to complement factors: C3, C4, and
  C5 nephritic factors
• Antibodies to complement regulatory proteins:
  CFH, CFI, CFB

C4 glomerulonephritis and C4 DDD

Membranoproliferative
pattern without immune
complexes or complement 

• Healing phase of HUS/TTP
• Antiphospholipid (anticardiolipin) antibody
  syndrome
• POEMS syndrome
• Radiation nephritis
• Nephropathy associated with bone marrow
  transplantation
• Drug-associated thrombotic microangiopathies
• Sickle cell anemia and polycythemia
• Dys�brinogenemia and other pro-thrombotic
  states
• Antitrypsin de�ciency

MPGN pattern of injury

Positive Igs
+/– C3

Negative Igs
Negative C3

Complement-dominant

Ig/IC-mediated

• Anti-phospholipid
  antibodies syndrome
• HUS/TMA
• Sickle cell anemia
  and polycythemia
• Other

Complement-mediated

Monoclonal
gammopathies

Autoimmune
diseases

Infections Idiopathic

C3
glomerulopathy

C3-
DDD

C3-GN C4-
DDD

C4-GN

C4
glomerulopathy

MPGN is not a single, speci�c disease, but is a light microscopic pattern of 
kidney injury. The older nomenclature of MPGN types 1–3 should be 
discarded.

Glomerular injury with an MPGN pattern is now classi�ed by pathobiolo-
gy and relies on the immuno�uorescence examination of the kidney 
biopsy. These entities may be broadly-de�ned as immuno�uores-
cence-negative, complement-dominant, or immunoglobulin (with or 
without complement) positive (Figure 1).

The differential diagnosis of glomerular injury with an MPGN pattern is 
broad and includes infection-related glomerular disease, autoimmune 
diseases, and complement-mediated diseases (Figure 2).

Infection should be excluded in patients with immune complex-mediated 
GN, followed by evaluation for an autoimmune disease. If monoclonal 
immunoglobulin deposits are present, evaluate for a hematologic 
malignancy.

Idiopathic immune complex-mediated GN (ICGN) is not common in 
adults. If no etiology is discovered, evaluate for complement dysregula-
tion and drivers of complement dysregulation. C3 glomerulopathy (C3G) 
can masquerade as an immune complex-mediated GN.

Prior to assigning a diagnosis of C3G, infection should be excluded, and 
in patients age 50 or older, a monoclonal gammopathy should be exclud-
ed.

The treatment of immune complex-mediated GN should be directed at 
the underlying cause.

In the absence of an underlying cause, idiopathic immune complex-medi-
ated GN may be treated with glucocorticoids and/or immunosuppressive 
therapies, based on the severity and activity of the disease.

Patients with C3G who have proteinuria over 1 g/d and/or declining 
kidney function over 6 months should be treated initially with mycophe-
nolate mofetil plus glucocorticoids, and if this fails, eculizumab may be 
considered.

Patients with C3G who do not respond to therapy should be considered 
for a clinical trial.
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MPGN is not a disease

Classification of MPGNs

Differential diagnosis of MPGNs

Exclude infection

Considerations for idiopathic ICGN in adults

Considerations for C3G

Treatment of ICGN of known cause

Treatment of ICGN of unknown cause

Treatment of C3G

Clinical trials

Figure 2

Figure 1
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Takeaways for Clinicians from the KDIGO 2021
Clinical Practice Guideline for the Management
of Focal Segmental Glomerulosclerosis

Genetic forms of FSGS

• When there is a strong family history and/or clinical features
  suggestive of a syndromal disease
• Aiding in diagnosis, especially if the clinical features are not representative
  of a particular disease phenotype
• Limiting immunosuppression exposure, especially in situations where
  patients appear to be resistant to treatment
• Determining the risk of recurrent disease in kidney transplantation
• Allowing for risk assessment in living-related kidney donor candidate,
  or where there is a high suspicion for APOL1 risk variants
• Aiding in prenatal diagnosis

Considerations for genetic testing in adults with FSGS

• Familial
• Sporadic
• Syndromic

Genetic mutations of podocyte
and glomerular basement
membrane proteins

Patient with FSGS lesion
on kidney biopsy

Proteinuria >3.5 g/d
AND

serum albumin <30 g/L
with or without edema

Especially in the presence of
di�use foot process e�acement

Likely primary FSGS
• Treat with immunosuppression

• If no response, consider
genetic testing

1. Nephrotic-range proteinuria >3.5 g/d
but serum albumin >30 g/L

OR
2. Proteinuria <3.5 g/d with or

without hypoalbuminemia 

Absence of nephrotic syndromePresence of nephrotic syndrome

• Evaluate for an underlying cause,
exclude secondary forms of FSGS

• Consider genetic screening
(where appropriate) to exclude

genetic forms (Figure 53)
• Do not start immunosuppression

• Supportive therapy
• Monitor proteinuria and

serum albumin

Worsening proteinuria and
reduction in serum albumin

FSGS lesions on
light microscopy

Primary FSGS
• FSGS with di�use foot
  process e�acement and
  nephrotic syndrome
  (often sudden onset,
  amenable to therapy)

Genetic FSGS
• Familial
• Syndromic
• Sporadic

Secondary FSGS
• Viral
• Drug-induced
• Adaptive changes to
  glomerular hyper�ltration
  (normal or reduced nephron
  mass; segmental foot process
  e�acement; proteinuria
  without nephrotic syndrome)

FSGS of undetermined
cause (FSGS–UC)
• Segmental foot process
  e�acement
• Proteinuria without
  nephrotic syndrome
• No evidence of secondary
  cause

Figure 1

Figure 2

Figure 3

Primary FSGS will be used to denote the disease entity presumably caused by an as 
yet unidenti�ed podocyte-toxic factor that is often amenable to immunosuppres-
sion. It is a clinical-pathologic syndrome characterized by FSGS lesions on histopa-
thology with diffuse foot process effacement on electron microscopy, presence of 
nephrotic syndrome as de�ned by proteinuria >3.5 g/day plus hypoalbuminemia of 
<30 g/l, without the presence of a genetic or secondary cause. (Figure 1 & 2)

FSGS can occur in the absence of a genetic or identi�able secondary cause, without 
nephrotic syndrome nor meeting the criteria for diffuse foot process effacement on 
electron microscopy and will be ascribed the term FSGS-UC. These individuals should 
be given supportive therapy and not be started on immunosuppression, with close 
monitoring of proteinuria and serum albumin. (Figure 1)

Genetic testing in adults with FSGS lesions should not be done routinely but 
may be considered in certain clinical situations, especially when there is a 
strong family history or resistance to immunosuppression. These individuals 
should be referred to specialized centers with expertise in genetic counselling 
and testing. (Figure 3)

Adults with FSGS who do not have nephrotic syndrome should be evaluated 
for a secondary cause. Individuals with secondary forms of FSGS should not be 
given immunosuppressive treatment.

High-dose oral glucocorticoids are recommended as the �rst-line immunosup-
pressive treatment for primary FSGS. However, in adults with relative 
contraindications or intolerance to glucocorticoids, calcineurin inhibitors may 
be considered as an alternative �rst-line initial therapy in patients with 
primary FSGS.

Initial high-dose glucocorticoids should be continued until complete remission is 
achieved or as tolerated by patients up to a maximum of 16 weeks, which is used as 
the de�nition for steroid resistance. Patients who are likely to respond to therapy 
will demonstrate some degree of proteinuria reduction before 16 weeks and there is 
no need to persist with high dose glucocorticoid treatment if the proteinuria shows 
no signs of reduction, especially when the patient is experiencing side effects.

Cyclosporine or tacrolimus treatment is recommended for adults 
with steroid-resistant primary FSGS, and should be dosed for at least 
6 months before considered resistant.

Adults with steroid-resistant primary FSGS who respond to calcineu-
rin inhibitor treatment should receive the drug for a minimum of 12 
months, so as to minimize the risk of relapses.

Adults who have steroid-resistant primary FSGS with resistance or intolerance 
to calcineurin inhibitors should be referred to specialized centers for consider-
ation of rebiopsy, alternative treatment, or enrollment in a clinical trial.

Adults with previous steroid-sensitive primary FSGS who experience 
a relapse can be treated using the same approach as that for adults 
with relapsing minimal change disease.
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Primary FSGS

FSGS of Undetermined Cause (FSGS-UC)

Genetic testing for FSGS

Secondary FSGS

Initial treatment for primary FSGS

Duration of high dose glucocorticoid treatment

Glucocorticoid-resistant primary FSGS

Duration of calcineurin inhibitor therapy

Treatment beyond glucocorticoid and calcineurin
inhibitors

Treatment of relapsing primary FSGS
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Clinical Practice Guideline for General Principles
for the Management of Glomerular Diseases

Lifestyle modi�cations:
• Sodium restriction
• Moderate protein restriction
• Heart-healthy diet
• Target ideal body weight
• Increased physical activity
• Smoking cessation
• Reduce alcohol consumption

Other considerations:
• Anticoagulation
• Contraception
• Immunizations
• Management of
  cardiovascular risk
  factors

• Renin-angiotensin-
  aldosterone system inhibitors
• Diuretics
• Non-renin-angiotensin-
  aldosterone system blockade
  (e.g., calcium channel blockers)

Supportive GN treatment

Proteinuria

Hypertension Edema

Disease-speci�c therapy

Infection screen 
(prior to treatment):
• Tuberculosis
• Hepatitis B
• Hepatitis C
• Human immunode�ciency
  virus
• Strongyloides
  (geography-speci�c)

Immunosuppression:
• Glucocorticoids
• Calcineurin inhibitors
• Mycophenolic acid/
  mycophenolate mofetil/
  azathioprine
• Mammalian target of
  rapamycin inhibitors
• Cyclophosphamide
• B-cell depleting agents
• Plasmapheresis/low-density
  lipoprotein apheresis

Chemoprophylaxis:
• Trimethoprim-
  sulfamethoxazole
• Histamine 2 receptor
  blockers/proton pump
  inhibitors
• Bisphosphonates
• Gonadal protection

Decision tree for the
consideration of a kidney
biopsy in patients with
proteinuria and/or
glomerular hematuria

Examples of clinical conditions for which treatment may be
considered without diagnostic con�rmation by kidney biopsy:
• PLA2Rab+ membranous GN (especially with normal eGFR)
• MPO+ or PR3+ ANCA vasculitis
• Anti-glomerular basement membrane disease
• Alport disease
• Fabry disease
• Familial focal and segmental glomerulosclerosis in families with
  well-characterized mutations
• Biopsy contraindicated as judged by a synthesis of history,
  physical exam, and laboratory testing
• Systemic lupus erythematosus

Patients classically treated
without kidney biopsy
diagnosis

Children:
• Steroid-sensitive nephrotic syndrome
  <12 yrs old
• Poststreptococcal GN

The kidney biopsy is the gold standard for diagnostic evaluation of
glomerular diseases

Biopsy should be performed if the biopsy result is expected to
modify treatment and/or if additional prognostic information is needed

The kidney biopsy is the “gold standard” for the diagnostic evaluation of 
glomerular diseases to facilitate the initiation or modi�cation of 
treatment and/or to provide prognostic information. Under some circum-
stances, treatment may proceed without a kidney biopsy. (Figure 1)

In adults, the measurement of protein and creatinine on a 24-hour urine collection 
is the optimal way to determine total protein excretion; a reasonable compromise is 
to collect an “intended” 24-hour urine sample and calculate a PCR in an aliquot of 
the collection. For pediatrics, monitoring �rst morning PCR is an alternative. 
Random “spot” urine collections are not ideal due to variation over time in both 
protein and creatinine excretion.

Proteinuria should be quanti�ed and followed sequentially. Hematuria 
should be assessed microscopically for acanthocytes and red blood cell casts in 
all forms of glomerular disease.

Dietary sodium restriction and loop diuretics should be �rst-line therapy. For resistant 
edema, add diuretics with actions on other tubule segments, and rarely intravenous 
albumin. In severe cases, hemodialysis or kidney replacement therapy for ultra�ltra-
tion may be needed. Use ACEi or ARBs titrated to maximal tolerability to reduce 
proteinuria and control hypertension, while monitoring frequently for safety. 
Consider facilitating their use with the judicious addition of potassium wasting 
diuretics and oral K binders. (Figure 2)

Maintain serum bicarbonate >22 mmol/l.
Consider starting a statin as �rst-line therapy for persistent hyperlipidem-
ia.

Prescribe full-dose anticoagulation for pulmonary embolus, arterial and venous 
thrombosis, and non-valvular atrial �brillation for at least 6–12 months or until the 
nephrotic syndrome is resolved. Consider full-dose anticoagulant prophylaxis for 
serum albumin <20–25 g/l. In patients with absolute and relative contraindications 
to anticoagulants or at high bleeding risk, aspirin may be a reasonable alternative. 
A risk calculator is available at https://www.med.unc.edu/gntools/bleedrisk.html

Choose a glomerular disease treatment that minimizes immediate 
morbidity of the primary disease, prevents disease progression, and 
minimizes treatment side effects.

Screen for and treat underlying latent infections prior to administering immunosup-
pression. Vaccinate against infectious agents avoiding live attenuated vaccines. Use 
prophylaxis against agents of concern generally including pneumocystis (trimethop-
rim-sulfamethoxazole, atovaquone, dapsone) and meningococcus speci�cally when 
using complement inhibition (vaccines for meningococcal serotypes a, c, w, y and b; 
concomitant penicillin or cipro�oxacin for the penicillin-allergic).

(ideally pre-natal) among the patient, obstetrician, and nephrologist. 
Prevent fetotoxicity during immunosuppressive treatment with effective 
contraception. Optimal pregnancy outcomes are achieved if pregnancy is 
delayed until glomerular disease remission. 

to enhance antihypertensive and antiproteinuric strategies. Normalize 
weight, undertake regular exercise, consume a heart-healthy diet 
avoiding dietary protein excess, and avoid smoking. (Figure 2)
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Kidney biopsy

Proteinuria evaluation

Examination of the urine

Treat edema, hypertension, and proteinuria

Treat metabolic acidosis and hyperlipidemia

Treat thrombotic complications

Glomerular disease treatment

Prevent infection during immunosuppressive treatment

Optimal pregnancy outcomes require planning

Employ lifestyle modification synergy

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; GFR, glomerular �ltration rate;
PCR, protein-creatinine ratio

Figure 1

Figure 2
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Estimated GFR at biopsy..........................................................ml/min/1.73 m2

Immunosuppression use at or prior to biopsy
   No
   Yes

MEST T-score
   0
   1
   2

MEST S-score
   0
   1

MEST E-score
   0
   1

MEST M-score
   0
   1

Use of ACE inhibitor or ARB at the time of biopsy
   No
   Yes

Race
   Caucasian
   Chinese
   Japanese
   Other

Age at biopsy................................................................................years

Proteinuria at biopsy.................................................................g/day

Diastolic blood pressure at biopsy......................................mmHg

Systolic blood pressure at biopsy........................................mmHg

Not applicable to
variant forms of IgA:
• IgA deposition with
  minimal change disease
• IgAN with acute kidney
  injury
• IgAN with a rapidly
  progressive
  glomerulonephritis

Proteinuria >1 g/24 h despite at least
3 months of optimized supportive care:
• BP management
• Maximally tolerated dose of ACEi/ARB
• Lifestyle modi�cation
• Address cardiovascular risk

Not applicable to:
• IgA vasculitis
• IgA nephropathy
  secondary to:
  - Viral (HIV, hepatitis)
  - In�ammatory bowel
  disease
  - Autoimmune disease
  - Cirrhosis
• IgA-dominant
  postinfectious GN

Toxicity risk strati�cation:
• Advanced age
• Metabolic syndrome
• Obesity
• Latent infection
  (TB, HIV, HBV, HCV)

Speci�c populations:
• Japanese – consider
  tonsillectomy
• Chinese – consider
  mycophenolate mofetil as
  a glucocorticoid-sparing
  agent

Risk/bene�t pro�le of glucocorticoids
should be individually discussed†

Consider enrollment
in a clinical trial

eGFR <30 ml/min/1.73 m2

Consider maximal
supportive care

eGFR ≥ 30 ml/min/1.73 m2

IgA-dominant glomerulonephritis

Idiopathic IgAN

Score the kidney biopsy using the MEST-C score

Risk stratify the patient using clinical and histologic data
Quantify progression risk at diagnosis using the

International IgAN Prediction Tool to inform discussions
with patients for shared decision-making

Enroll the patient in a disease registry

Consider secondary causes:
• IgA vasculitis
• IgA nephropathy secondary to:
  - Viral (HIV, hepatitis)
  - In�ammatory bowel disease
  - Autoimmune disease
  - Liver cirrhosis
• IgA-dominant infection-related GN

Commence optimized supportive care:
• BP management
• Maximally tolerated dose of ACEi/ARB
• Lifestyle modi�cation
• Address cardiovascular risk

IgAN can only be diagnosed with a kidney biopsy. There are no validated 
diagnostic serum/urine biomarkers. The differential diagnosis of IgA 
dominant glomerulonephritis includes primary IgAN, IgA vasculitis, 
cirrhosis, in�ammatory bowel disease and infection-related GN.
(Figure 1)

The International IgAN Prediction Tool helps determine the risk of a 50% 
decline in eGFR or progression to kidney failure up to 6.7 years from the 
time of kidney biopsy to inform shared decision-making with patients 
(available at QxMD1). (Figure 2) There are no validated prognostic 
serum/urine biomarkers other than eGFR and proteinuria. 

Initial management is supportive care including lifestyle modi�cation 
(smoking cessation, weight control, regular exercise and dietary sodium 
restriction), blood pressure control and maximum tolerated RAS 
blockade. 

Assess risk of progression regularly in all patients with IgAN. High risk is 
currently de�ned as persistent proteinuria >1 g/d despite 3 months of stable, 
optimized supportive care. While proteinuria reduction to under 1 g/d is a 
surrogate marker of improved kidney outcome in IgAN, persistent proteinuria 
0.5–1 g/d is also likely to increase the risk of progression. (Figure 3)

Neither the International IgAN Prediction Tool nor the Oxford Classi�cation MEST-C 
score alone can be used to determine the likely impact of any particular treatment 
regimen. Unless inclusion in a clinical trial is possible, glucocorticoid therapy may reduce 
the risk of kidney failure in IgAN. If glucocorticoids are considered, the risk of 
treatment-emergent toxicity, in particular serious infectious complications, must be 
discussed with the patient, particularly those with an eGFR <50ml/min/1.73 m2. (Figure 3)

There are data to support the use of mycophenolate mofetil (MMF) in 
Chinese patients as a glucocorticoid-sparing agent. Tonsillectomy is 
widely performed in Japan with supportive data for Japanese patients. 
(Figure 3)

Rarely patients with IgAN can develop a rapidly progressive glomerulonephritis 
(RPGN) associated with extensive crescent formation. These cases should be 
treated with cyclophosphamide and glucocorticoids in the same way as 
ANCA-associated vasculitis. The presence of crescents in a kidney biopsy 
without a concomitant change in serum creatinine does not constitute a RPGN.

Acute kidney injury can complicate episodes of severe visible hematuria. 
Treatment is supportive. IgAN rarely presents with nephrotic syndrome. In 
such cases, electron microscopy may be otherwise consistent with minimal 
change disease (MCD) and patients should be treated in accordance with the 
guidelines for MCD.

The International IgAN Prediction Tool has been validated for use in 
children. Management of children with IgAN is similar to adults except 
for a lower threshold for the early use of glucocorticoids. Long term 
follow-up is essential, even after complete remission, as children can 
relapse after many years of stable disease.

Diagnosis is often made on clinical criteria alone but a kidney biopsy 
should always be considered in patients with an RPGN, proteinuria >1 
g/d, and/or impaired kidney function. Glucocorticoids should not be used 
to prevent nephritis in patients with isolated extrarenal IgAV. Manage-
ment for adults and children should follow the guidance for IgAN.
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Diagnosis of IgA nephropathy (IgAN)

Prognosis

Treatment for all patients with primary IgAN

Identification of patients at high risk of progression

Management of high-risk patients on optimized
supportive care

Ethnicity-specific alternative treatment options

IgAN variants – rapidly progressive glomerulonephritis

IgAN variants – AKI and nephrotic syndrome

IgAN in children

IgA vasculitis

Figure 1

Figure 2

Figure 3

1 https://qxmd.com/calculate/calculator_499/international-igan-prediction-
  tool-at-biopsy-adults?_branch_match_id=656546875419766679

https://qxmd.com/calculate/calculator_499/international-igan-prediction-tool-at-biopsy-adults?_branch_match_id=656546875419766679
https://qxmd.com/calculate/calculator_499/international-igan-prediction-tool-at-biopsy-adults?_branch_match_id=656546875419766679
https://qxmd.com/calculate/calculator_499/international-igan-prediction-tool-at-biopsy-adults?_branch_match_id=656546875419766679
https://qxmd.com/calculate/calculator_499/international-igan-prediction-tool-at-biopsy-adults?_branch_match_id=656546875419766679
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for Infection-related Glomerulonephritis

Bacterial infection–related GN may present after a bacterial infection 
(post-infectious GN), after a latent period, (often days to several weeks 
after an infection), or in the presence of an ongoing, acute or chronic 
bacterial infection (infection-related).

The synthesis of history; physical examination; kidney assessments (UA, 
ACR, PCR, eGFR); cultures of blood, urine, other suspected �uids and tissues; 
and serological examinations (C3, C4, cryoglobulin, Factor B, Serum IgA 
level, ASO, antiDNAse B, anti-hyaluronidase antibodies, ANCA) are often 
suf�cient to support a clinical diagnosis in the setting of bacterial infection.

Kidney biopsy may be necessary to con�rm a diagnosis and/or to provide 
prognostic information in patients with bacterial infection in uncertain 
situations. 

Treatment for post-infectious GN is supportive care to control edema, 
proteinuria, and hypertension. Immunosuppression is generally inadvisa-
ble. For infection-related GN, additional treatment to eradicate the 
underlying infection should be added.

Approximately 250–350 million people (5% of the world’s population) 
are chronically infected with HBV, making it one of the most common 
human pathogens. About 3%– 5% of patients with chronic HBV infection 
develop kidney disease as a complication.

Adults with chronic HBV infection are at risk for developing kidney 
failure. Patients with replicative HBV infection (as denoted by HBV DNA 
levels >2000 IU/ml) and GN should be treated with nucleos(t)ide 
analogues as recommended for the general population by standard 
clinical practice guidelines for HBV infection.

Chronic untreated HBV infection may �are if immunosuppression is 
introduced to treat HBV-associated or HBV-independent GN.

Patients with HIV undergoing kidney biopsy show a broad spectrum of kidney 
pathology, including, in order of prevalence, immune complex GN, diabetic kidney 
disease, HIV-associated nephropathy (HIVAN), tenofovir toxicity, FSGS, global 
sclerosis (NOS), acute tubular injury, other tubulointerstitial, glomerular, and 
vascular diseases. When possible, a kidney biopsy should be performed for accurate 
diagnosis. 

It is recommended that all patients with HIV and CKD receive antiretroviral 
treatment for HIV with dosing adjustments for CKD, independent of the 
CD4 count. Early implementation of highly active antiretroviral therapy has 
been associated with a 60% reduction in the incidence of HIVAN. There are 
no randomized trials to guide treatment for HIV-associated kidney diseases.

Parasitic infections should be treated to eradicate the underlying infectious 
organism. Monitor patients with hepatic �brosis from schistosomiasis for 
the development of kidney disease, and evaluate patients with a history of 
schistosomiasis and an elevated serum creatinine and/or hematuria for 
bladder cancer and/or urinary obstruction. Immunosuppression is not 
indicated for the treatment of GD complicating parasitic infections.
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Treatment of HIV
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Abbreviations: ACR, albumin-creatinine ratio; ANCA, antineutrophil
cytoplasmic antibody; ASO, antistreptolysin O titer; CKD, chronic
kidney disease; eGFR, estimated glomerular �ltration rate; GD,
glomerular disease; GN, glomerulonephritis; HBV, hepatitis B virus;
HIV, human immunode�ciency virus; PCR, protein-creatinine ratio;
UA, urinalysis

Immune complex GN
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HIVAN
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Global sclerosis (NOS)

Acute tubular injury

Other tubulointerstitial disease
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Other vascular disease

Breakdown of diagnoses (n)*

The spectrum of kidney biopsy �ndings
in patients with HIV in the modern era
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* Dual diagnoses were present in 17% of cases
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Takeaways for Clinicians from the
KDIGO 2021 Clinical Practice Guideline
for the Management of Lupus Nephritis

Verify adherence to treatment1

2

3

4

5

Ensure adequate dosing of immunosuppressive medications by measuring
plasma drug levels if applicable or available (check mycophenolic acid level
if on mycophenolic acid analogs/check infusion records if on cyclophosphamide)

Repeat biopsy if concern for chronicity or other diagnosis
(e.g., thrombotic microangiopathy)

Consider switching to an alternative �rst-line regimen when there is persistent
disease activity (mycophenolic acid analogs to cyclophosphamide-based
regimen or vice versa)

Consider the following in patients refractory to �rst-line treatment regimens:
• Combined mycophenolic acid analogs and calcineurin inhibitor therapy, or
• Addition of rituximab or other biologic therapies
• Extended course of i.v. pulse cyclophosphamide

or or

Prednisone tapered down
to <5–7.5 mg/d

Mycophenolic acid
analogs:

mycophenolate mofetil
1–2 g/d or

mycophenolic acid
720–1440 mg/d

First choice

Azathioprine
1.5–2.0 mg/kg/d

Individual
indication

Tacrolimus trough
approximately 4–6 ng/ml

(5–7.4 nmol/l) or
cyclosporine A trough
approximately 60–100
ng/ml (50–83 nmol/l)

or mizoribine 3 mg/kg/d

If mycophenolic acid analogs
or azathioprine

not tolerated

and

Kidney biopsy showing
Class III/IV ± V lupus nephritis

Concomitant thrombotic
microangiopathy
(Section 10.3.1)

Assess activity and
chronicity items

Chronic Class III/IV ± V lupus nephritis
without activity

Active Class III/IV ± V
lupus nephritis

Supportive treatment
for chronic kidney disease

(Chapter 1)

If concomitant Class V
manage as Class V

(Section 10.2.4)

Corticosteroids
Methylprednisolone i.v. 0.25-0.50 g/d for 1–3 days,

then prednisone p.o. 0.6–1.0 mg/kg/d (not to exceed 80 mg/d)
and taper over a few months to maintenance dose‡

Calcineurin inhibitors
Tacrolimus (trough level approximately 5.5 ng/ml
(6.8 nmol/l), data mainly from Chinese patients)

and reduced-dose MPAA in patients with SCr
<3.0 mg/dl (265 µmol/l) as initial and
maintenance therapy for 24 months

(Practice Point 10.2.3.1.4)
Voclosporin† 23.7 mg b.i.d. and MPAA in patients
with eGFR >45 ml/min per 1.73 m2 for 52 weeks 

(Practice Point 10.2.3.1.5)

Mycophenolic acid analogs (MPAA)
for at least 6 months

MMF p.o. 1.0–1.5 g b.i.d. or
mycophenolic acid sodium

 0.72–1.08 g b.i.d.
(Practice Point 10.2.3.1.3)

Cyclophosphamide 
for up to 6 months

i.v. 500 mg q2wk × 6 or
0.5–1.0 g/m2 monthly × 6;

or p.o. 1.0–1.5 mg/kg/d
(Practice Point 10.2.3.1.2)§

B-lymphocyte targeting biologics
Belimumab† (i.v., 10 mg/kg q2wk
for 3 doses then q4wk) and MPAA

or i.v. cyclophosphamide
500 mg q2wk × 6 

Rituximab i.v. 1 g on days 1 and 15 –
as add-on therapy for refractory cases

or for corticosteroid minimization
(Practice Point 10.2.3.1.6)

*

* *

Early diagnosis and timely treatment of active lupus nephritis 
are important to preserve nephrons. Changes in kidney function 
or proteinuria based on serial measurements may suggest lupus 
nephritis (LN), and this can be con�rmed by kidney biopsy. 

Hydroxychloroquine is recommended for all patients with LN if 
there are no contraindications. 

Immunosuppressive therapy in patients with Class I/II LN should 
be guided by extrarenal disease manifestations unless the 
patients have nephrotic syndrome due to lupus podocytopathy, 
which is managed as minimal change disease. 

The initial treatment of active proliferative (± membranous) LN is 
glucocorticoids plus either mycophenolate mofetil or low-dose 
(Euro-Lupus) intravenous cyclophosphamide. (Figure 1) 

Although glucocorticoids have generally been given in high 
doses for LN, emerging data suggest that lower doses may be 
equally effective but with fewer short- and long-term toxicities. 

Following initial therapy of proliferative LN, mycophenolate 
mofetil is the preferred immunosuppressive and should be 
continued for at least 36 months. (Figure 2) 

Class V lupus nephritis is managed with RAS blockade, blood 
pressure optimization, and hydroxychloroquine, and the 
addition of immunosuppression in patients who develop 
nephrotic range proteinuria.

Unsatisfactory treatment responses can be due to non-adher-
ence, inadequate immunosuppressant dosing, or signi�cant 
chronic kidney damage that preclude complete resolution of 
kidney abnormalities. Patients in whom these factors are 
excluded may have treatment-resistant LN. (Figure 3)

Kidney transplantation is the preferred form of kidney replace-
ment therapy for LN patients who develop end-stage kidney 
disease. 

Good pregnancy outcomes require pre-pregnancy counselling 
and planning. Pregnancy should be avoided when LN is active or 
when patients are exposed to potentially teratogenic medica-
tions. 
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High-risk venous
thromboembolic
events

Aspirin

Yes

Yes

No

No

High risk

Low risk

Serum albumin
<20 g/l
bromocresol
purple
<25 g/l
bromocresol
green Assess bleeding

risk: GN tools2
Warfarin
or
low-molecular-
weight heparin
+ aspirin

Serum albumin
<30 g/l
bromocresol
purple
<32 g/l
bromocresol
green

Estimate arterial
thromboembolic
event risk High risk

>20/1000 patient-years

Low risk
<20/1000 patient-years

No aspirin

Pretransplant evaluation:
maximal e�orts to ascertain if MN is associated with PLA2Rab* 

Known
PLA2Rab-
associated
MN

Measure
PLA2Rab

PLA2Rab
unknown Retrieve native

kidney biopsy
and stain for
PLA2R antigen

Antibodies have
disappeared

Low risk of
recurrence
(10%)†

High risk of
recurrence
(50%)†

Medium risk
of recurrence
(30%)†‡

Wait and see
OR rituximab

OR calcineurin
inhibitor ±

glucocorticoids†

Wait and see

Membranous
nephropathy

Low risk Moderate risk High risk Very high risk

Rituximab
OR cyclophosphamide

+ glucocorticoids
OR calcineurin inhibitor

+ rituximab†

Cyclophosphamide
+ glucocorticoids‡

Risk evaluation*
(see Figure 30)

Measure
PLA2Rab

PLA2Rab
absent*

PLA2Rab
present

Biopsy

No biopsyNormal kidney function
No immunosuppressive therapy

Consider
kidney biopsy*

Immunosuppressive therapy

Kidney biopsy

• Unusual clinical course; rapid
  decrease in eGFR
• Serological abnormalities, in
  particular positive nuclear antibodies
• Unresponsive to immunosuppressive
  therapy and progressive kidney injury
  (decrease in eGFR)
  OR persistent nephrotic syndrome
  despite disappearance of PLA2Rab

A kidney biopsy is not required to diagnose membranous 
nephropathy in a patient with nephrotic syndrome and a 
positive PLA2Rab test, but may help in determining prognosis 
and treatment decisions. (Figure 1)

A negative PLA2Rab test does not rule out PLA2R-associated 
MN. PLA2Rab can be absent in early disease. A positive
glomerular staining of a kidney biopsy for PLA2R de�nes 
PLA2R-associated MN.

Identi�cation of new antigens might help in de�ning the 
underlying cause in PLA2Rab negative patients.

Evaluate all patients with MN for secondary causes such as 
infections, systemic diseases, malignancies, certain drugs 
(NSAIDs) or nutritional supplements (lipoic acid).

Patients with MN are at high risk of arterial and venous throm-
boembolic events. Prophylactic anticoagulant therapy is advised 
in patients with low serum albumin levels taking into account 
bleeding risk. (Figure 2)

All patients should receive optimal supportive therapy targeting edema, 
blood pressure, dietary salt intake, and lipid pro�le. Monitor the patient 
regularly, whilst evaluating risk parameters (see below). The duration of 
conservative therapy might vary with risk levels and response.

Start of and the choice of immunosuppressive drugs are guided by risk 
evaluation based on a combination of change in serum creatinine, serum 
albumin, and proteinuria. (Figure 3) When available, serum PLA2Rab levels, 
urine protein selectivity index, and excretion of low molecular weight proteins 
provide added value.

Whilst clinical remission is the goal of therapy, immunological response 
precedes clinical response by several months. In patients with PLA2Rab 
positive MN, regular assessment of PLA2Rab after start of therapy 
enables early evaluation of treatment response and provides guidance 
for treatment change.

Lack of clinical response after several lines of therapies de�nes resistance, 
and patients should be referred to an expert center to discuss additional 
therapy. Residual proteinuria per se is not a sign of active MN, and 
especially in patients with immunological remission or normalized serum 
albumin levels, secondary FSGS must be excluded.

Evaluation of PLA2Rab and if necessary PLA2R-antigen aids in 
predicting post-transplant recurrence. In patients with recurrent 
MN and proteinuria >1 g/day, rituximab is effective therapy. 
(Figure 4)
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Diagnosis of membranous nephropathy (MN)

Added value of kidney biopsy staining 

Be aware of new antigens

Exclude secondary causes of MN

Prophylactic anticoagulant therapy

Conservative therapy

Risk-based immunosuppressive therapy

Immunological monitoring

Treatment resistance

Kidney transplantation

FSGS, focal segmental glomerulosclerosis; NSAIDS, nonsteroidal anti-in�ammatory drugs; 
PLA2Rab, M-type phospholipase A2 receptor antibody

Figure 1

Figure 2

Figure 3
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Minimal change
disease in adults:

initial therapy

No contraindications
for glucocorticoids

Glucocorticoids

Contraindications
for glucocorticoids

• Cyclophosphamide
• Calcineurin inhibitors

• Mycophenolate mofetil/
  sodium mycophenolate +

  reduced-dose glucocorticoids
• Rituximab?

Frequently relapsing/
steroid-dependent

minimal change disease

No previous
cyclophosphamide

No patient preference

Cyclophosphamide

Previous
cyclophosphamide

Patient wishes to avoid
cyclophosphamide

• Rituximab
• Calcineurin inhibitors 

• Mycophenolate mofetil/
  sodium mycophenolate

MCD is diagnosed by kidney biopsy. There are no non-invasive 
biomarkers available.

For initial treatment of MCD, high dose glucocorticoids are 
recommended.

High doses of glucocorticoids should be given for no longer than 
16 weeks.

A gradual glucocorticoid taper should start 2 weeks after 
remission and for up to a total of 24 weeks of glucocorticoid 
exposure.

Initial treatment regimens for patients with contraindications to 
glucocorticoids include cyclophosphamide, calcineurin inhibi-
tors, and mycophenolate mofetil/sodium mycophenolate (with 
reduced-dose glucocorticoids). (Figure 1)

Long-term kidney survival is excellent in treatment-responsive 
patients.

Glucocorticoid-refractory patients are treated similar to gluco-
corticoid-refractory focal segmental glomerulosclerosis.

Infrequent relapses of minimal change disease are treated 
similarly to the initial presentation, with lower and less 
prolonged doses of glucocorticoids.

After remission is induced with glucocorticoids, for frequently relapsing 
or steroid-dependent patients, cyclophosphamide, rituximab, calcineurin 
inhibitors, and mycophenolate mofetil/sodium mycophenolate may be 
used to prolong remission and reduce relapse rates. (Figure 2)

In general, there are no known differences between the medica-
tions used of FR/SD MCD. Patient choice, local availability, and 
costs need to be considered.
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Initial treatment of MCD
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New nephrotic

<12 years of age
No syndromic features

or family history

>12 years of age
Syndromic features

or family history

Glucocorticoids‡

No response ×
4 or 6 weeks

Glucocorticoids‡

× 8–12 weeks

Infrequent relapser Steroid-dependentFrequent relapser

Glucocorticoids‡ • Mycophenolate mofetil
• Rituximab

• Calcineurin inhibitor
• Cyclophosphamide

• Cyclophosphamide
• Levamisole

• Mycophenolate mofetil
• Rituximab

• Calcineurin inhibitor

• Genetic testing
• Kidney biopsy

• Calcineurin inhibitor
• Renin–angiotensin–
aldosterone system

blockade

Complete responder

Biopsy and/or genetic testing
+ referral to specialty center

Below the age of 1 year, all children ful�lling the de�nition of nephrotic 
syndrome should be referred to a specialist in pediatric nephrology. This 
also applies to all forms of nephrotic syndrome that are steroid-resistant, 
atypical (including onset >12 years of age), or steroid-sensitive requiring 
a glucocorticoid-sparing agent.

The prognosis for childhood nephrotic syndrome is best predicted by the 
patient’s response to initial treatment and frequency of relapse during the 
�rst year after treatment. Therefore, a kidney biopsy is not usually needed 
at initial presentation unless the patient displays steroid resistance, has an 
atypical clinical course, or is > 12 years of age at presentation.

Initial treatment of nephrotic syndrome with oral prednisone/prednisolone in 
children should not be prolonged beyond 12 weeks: evidence is insuf�cient to 
choose between giving 4 weeks at full dose followed by 4 weeks on 
alternate-day glucocorticoid dosing (total 8 weeks) or giving 6 weeks at full 
dose followed by 6 weeks of alternate-day dosing (total 12 weeks). (Figure 1)

Treatment of relapse should include prednisone as a single daily dose of 
60 mg/m2 or 2 mg/kg (maximum 60 mg/d) until the child remits complete-
ly for at least 3 days. After achieving complete remission, reduce 
prednisone to 40 mg/m2 or 1.5 mg/kg (maximum 50 mg/d) on alternate 
days for at least 4 weeks.

For children with frequently relapsing nephrotic syndrome who develop 
serious glucocorticoid-related adverse events, and for all children with 
steroid-dependent nephrotic syndrome, we recommend that glucocorti-
coid-sparing agents be prescribed. (Figure 1)

Choosing the most appropriate steroid-sparing agent between oral 
cyclophosphamide, levamisole, mycophenolate mofetil, rituximab, and 
calcineurin inhibitors depends on speci�c patient-related issues such as 
resources, compliance, potential for adverse effects, and patient 
preferences. 

Among glucocorticoid-sparing agents for steroid-sensitive nephrotic 
syndrome, oral cyclophosphamide and levamisole may be preferable in 
frequently relapsing forms. Mycophenolate mofetil, rituximab, and 
calcineurin inhibitors may be preferable in steroid-dependent forms of 
disease.

For steroid-resistant nephrotic syndrome, consider the possibility of a 
genetic cause where immunosuppression may not be useful. Genetic 
testing performed by experts should be rapidly implemented, particularly 
in infantile forms, if there is a positive family history of kidney disease 
and/or the patient has syndromic features.

In children with steroid-resistant nephrotic syndrome, a renin-angioten-
sin-aldosterone system inhibitor should be started, with careful evalua-
tion of volume depletion to minimize the risk of AKI.

We recommend using cyclosporine or tacrolimus as initial second-line 
therapy for children with steroid-resistant nephrotic syndrome.
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