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Abstract
The term “pulmonary renal syndrome” describes a clinical syndrome which is characterised by the
presence of both diffuse alveolar haemorrhage and glomerulonephritis. It encompasses a group of diseases
with distinctive clinical and radiological manifestations, as well as different pathophysiological processes.
The most common diseases implicated are anti-neutrophil cytoplasm antibodies (ANCA)-positive small
vessel vasculitis and anti-glomerular basement membrane (anti-GBM) disease. Prompt recognition is
required as respiratory failure and end-stage renal failure can rapidly occur. Treatment includes a
combination of glucocorticoids, immunosuppression, plasmapheresis and supportive measures. The use of
targeted treatments has significantly reduced mortality. Thus, an understanding of pulmonary renal
syndrome is essential for the respiratory physician.

Educational aims
• To gain an understanding of current knowledge on pulmonary renal syndrome.
• To acquire an up-to-date method for approaching the workup of a patient with suspected pulmonary renal

syndrome.

Introduction
Pulmonary renal syndrome is a potentially life-threatening condition defined as the combination of diffuse
alveolar haemorrhage (DAH) and rapidly progressive glomerulonephritis (RPGN). It was first described by
Goodpasture in 1919 [1]. The term Goodpasture’s syndrome was adopted in 1958 to define a group of
patients with similar characteristics of idiopathic pulmonary haemorrhage and glomerulonephritis [2]. The
pathogenic role of the anti-glomerular basement membrane (anti-GBM) antibody in some of these cases
was discovered 10 years later [3]. When it became clear that several different pathogenic mechanisms
could lead to this clinical syndrome, the eponymous “Goodpasture’s syndrome” was abandoned and
pulmonary renal syndrome was introduced [4].

Pulmonary renal syndrome can be caused by many systemic autoimmune conditions with anti-neutrophil
cytoplasm antibodies (ANCA)-associated vasculitis accounting for most cases. A significant number of
patients present with rapidly progressive respiratory and/or renal failure and often need admission to the
intensive care unit (ICU) for ongoing management. With recent advances in treatment, specifically the
introduction of novel immunosuppression, mortality rates have improved but remain high with some
reporting mortality rates of up to 50% [5].
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Our aim is to provide an in-depth overview of pulmonary renal syndrome for the respiratory physician,
focusing on treatment innovations.

Epidemiology and pathophysiology
Pulmonary renal syndrome is associated with several diseases. They can broadly be divided into
ANCA-associated vasculitis (AAV) and immune complex-mediated vasculitis (table 1). AAV is the most
common underlying cause, accounting for ∼70% of cases. Anti-GBM disease, an immune complex
vasculitis, accounts for up to 20% of cases with the remaining 10% of cases attributable to less common
conditions [6].

The specific pathological process depends on the underlying disease. In the majority of pulmonary renal
syndromes, small vessel vasculitis affecting the alveoli and glomeruli is responsible [7, 8]. Inflammation
arises through neutrophilic infiltration of the vascular endothelium, which affects the arterioles, venules
and capillaries resulting in vessel wall destruction and necrosis. Necrosis can be fibrinoid or granulomatous
in nature [9].

In the lung, in addition to the small vessel vasculitis and resultant necrosis, a distinct process has been
identified within the alveolar wall/interstitium called necrotising pulmonary capillaritis. This can occur
with other features of vasculitis as described but also in isolation. It can be distinguished by the marked
influx of interstitial neutrophils which are undergoing leukocytoclasis or fragmentation. Pyknotic cells and
nuclear dust accumulates within the lung parenchyma as these neutrophils are constantly undergoing
apoptosis. The interstitium fills with these neutrophils, oedema and fibrin thrombi, and eventually
undergoes fibrinoid necrosis. The integrity of interstitial capillaries is damaged during this process,
allowing red blood cells to cross the now incompetent alveolar capillary basement membranes, entering the
interstitial space and flooding the alveoli [10, 11].

In the kidney, fibrinoid deposition causes crescentic inflammation in the glomerulus, where inflammatory
cells infiltrate Bowman’s space with epithelial cell hyperplasia and fibrosis [12].

AAV
Most cases of pulmonary renal syndrome are caused by AAV and can be identified by ANCA antibody
testing. AAVs include microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA) and
eosinophilic GPA (EGPA). Serology is useful in differentiating between these, as the clinical and
pathological differences are often subtle [8]. Up to 95% of patients with AAV have detectable ANCA on
serum testing [13]. ANCA can be detected via indirect immunofluorescence and ELISA. A positive ANCA
test can support a diagnosis of GPA, MPA or EGPA [14]. Antibodies can be directed against proteinase-3
(PR3) or myeloperoxidase (MPO) [15].

The incidence of GPA has been estimated globally between 0.5 and 20 cases per million [16–18]. The
mean age at onset is 40–55 years [19]. It is more common in Caucasians [20], with a higher incidence in
Europe and Australia [21]. Clinically, a triad of granulomatous inflammation of the respiratory tract,
necrotising vasculitis and glomerulonephritis is present. Both the upper and lower respiratory tract can be

TABLE 1 Differential diagnoses of pulmonary renal syndrome

ANCA-associated vasculitis Granulomatosis with polyangiitis (GPA)
Microscopic polyangiitis (MPA)
Eosinophilic granulomatosis with polyangiitis (EGPA)

Anti-GBM disease Anti-GBM disease
ANCA-negative vasculitis IgA disease

Cryoglobulinaemia
Drug-induced vasculitis Cocaine

D-penicillamine
Autoimmune connective tissue disease Systemic lupus erythematosus (SLE)

Polymyositis
Diabetes mellitus
Mixed connective tissue disease (MCTD)
Systemic sclerosis

Classifying the differential diagnoses of pulmonary renal syndromes into groups based on the underlying
pathological process. ANCA: anti-neutrophil cytoplasm antibodies; GBM: glomerular basement membrane.
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affected. Upper respiratory tract manifestations include sinusitis, oral ulcerations, and subglottic or
bronchial stenosis. Lower respiratory tract manifestations include cough, haemoptysis, chest pain and
dyspnoea [22]. DAH is rare but when it does occur, it is typically subclinical and recurrent [23] and
associated with renal involvement [24, 25].

The incidence of MPA is estimated at 2.7 to 24 cases per million [18, 26, 27]. The clinical features are
similar to those seen in GPA, with the exception of granulomas. Skin lesions and arthralgias are common
[10] and up to 80% of patients develop necrotic glomerulonephritis. DAH is seen in 30–50% of patients
and it is frequently severe and life-threatening [23].

EGPA is a rare disorder with an incidence of less than 3 cases per million [8, 28]. Men are twice as likely
to be affected as women with a typical age at onset of 40–60 years old [8]. Patients typically present with
asthma and sinusitis initially with progression into an eosinophilia and vasculitis [29]. Eosinophilic
infiltration can cause end-organ damage, such as diastolic cardiomyopathy, which is associated with a high
mortality rate [30]. Renal involvement is usually mild in nature [10]. A positive ANCA is seen in 30–50%
of cases and is associated with a more severe disease with renal disease, DAH and central nervous
systemic involvement frequently reported. Overall, DAH is seen less frequently than in other AAVs [8].

Anti-GBM disease
Anti-GBM disease or Goodpasture’s syndrome is rare. The incidence is estimated at 1 per million [9]. It is
four times more common in men. Disease onset typically occurs between 20 and 30 years of age [8], and
it is more common in Caucasian patients [9]. It is not a smoking-related disease, but it has been reported
that smokers are more likely to develop DAH in the context of a diagnosis of anti-GBM disease with the
leading hypothesis of increased alveolar permeability with smoking [23, 31].

Anti-GBM disease is caused by antibodies which are directed against type 4 collagen, a component of the
glomerular basement membrane. The antibodies bind to the basement membrane activating a cascade
which results in the disruption of Bowman’s capsule with resultant proteinuria and crescent formation.
There is an association with human leukocyte antigen (HLA) alleles, particularly HLA DRB1 and
HLA DRW2 [32, 33]. However, most cases occur sporadically; suggesting that environmental factors may
play a role [34].

Most patients present with symptoms and/or signs related to glomerulonephritis and DAH. Clinical onset
has been associated with smoking and respiratory tract infections [31, 35]. The detected antibody level
correlates with the severity of renal disease [3] and those with concurrent DAH tend to have more severe
renal injury than those without DAH [36].

AAV and anti-GBM overlap
“Double positive disease” has been reported where both anti-GBM and ANCA antibodies are detected.
The clinical significance is unclear, but it is hypothesised that ANCA-induced glomerular inflammation
may expose disease epitopes that trigger an anti-GBM response [37, 38]. Up to 14% of patients with
ANCA antibody positivity have detectable anti-GBM antibodies and 30% of patients with anti-GBM
antibodies are ANCA positive [6]. MPO-ANCA antibodies are more common than PR3-ANCA [39]. The
typical age of onset is later in life (median age of 62 years), in keeping with the demographics of AAV
[40]. Clinical presentation is more in keeping with that seen in anti-GBM disease with prevalent renal
involvement [23, 41]. There is an inverse relationship between renal recovery and titres of antibodies [42].
Patients typically have a significant risk of relapse compared with single-positive disease [37].

ANCA-negative diseases
Pulmonary renal syndrome is very rare in ANCA-negative systemic vasculitis, but has been described in a
number of diseases.

Systemic lupus erythematosus (SLE)
SLE is responsible for 80% of the immune complex-mediated diseases that cause pulmonary renal
syndrome. It is caused by antibodies directed against double-stranded DNA (dsDNA) resulting in the
formation and deposition of immune complexes in the glomerulus and activation of a pro-inflammatory
cascade [8]. Pulmonary and pleural disease manifest in up to 70% of patients with SLE [43]; however,
pulmonary renal syndrome is rare, reported in 2–4% of cases [9]. DAH is associated with a 50% mortality
rate when present [44]. It is unusual for DAH to be the presenting feature as most patients have established
lupus nephritis prior to DAH [45]. DAH should be distinguished from acute lupus pneumonitis, which
presents similarly and is frequently the initial presentation of SLE [23].
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Antiphospholipid syndrome (APS)
APS is caused by antibodies that target phospholipids inhibiting activated protein C, antithrombin 3 and
fibrinolysis, thus creating a pro-coagulant state [9]. It is associated with thrombosis, valvular heart disease,
cognitive dysfunction and fetal loss. It is more common in men and patients present between the ages of
40 and 60 years old [46]. It can be associated with other autoimmune conditions, classically SLE.
Catastrophic APS is an accelerated form of the disease, developing over days or weeks which is
characterised by widespread thromboses in small and large vessels within at least three organ systems [47].
While renal disease occurs in <10% of patients with primary APS, it is common in catastrophic APS
where it often presents with DAH and is associated with a high mortality [48].

Thrombotic thrombocytopenia purpura (TTP)
Pulmonary renal syndrome has been described in TTP. The classical presentation is with
thrombocytopenia, microangiopathic haemolytic anaemia and ischaemic manifestations. Studies suggest
that the insufficiency of ADAM metallopeptidase with thrombospondin type 1 motif 13 (ADAMTS-13), a
metalloprotease responsible for cleaving von Willebrand factor, leads to platelet aggregation in the
microcirculation. Pregnancy, neoplasm and chemotherapy are considered pre-disposing factors [49].

IgA vasculitis
IgA vasculitis is a small vessel vasculitis commonly associated with IgA nephropathy. It is more common in
younger patients, with 90% of cases reported in children <10 years old. Clinical presentation consists of a
triad of abdominal pain, purpuric rash and arthritis. DAH is a rare complication more commonly seen in
adults, and occurs when IgA immune complexes are deposited within the alveoli leading to haemorrhage [8].

Cryoglobulinaemia
Cryoglobulinaemia is a rare cause of pulmonary renal syndrome. Monoclonal antibody production causes
abnormal immunoglobulins to precipitate at lower temperatures leading to an immune complex-mediated
vasculitis. It is frequently associated with chronic hepatitis C viral infection but a similar presentation can
occur with malignancies, such as lymphoma, so a careful workup is needed. Clinically a triad of arthralgia,
purpura and neurological weakness is seen. In severe cases, alveolar haemorrhage is seen, with DAH
reported in 3% of cases. Renal involvement is more common with over 90% of patients developing some
degree of glomerulonephritis [8].

Drug-associated DAH
Drug-associated DAH is seen more commonly in young women. It presents similarly to MPA with skin
involvement [30] and is associated with ANCA positivity. Implicated drugs include propylthiouracil,
hydralazine, D-penicillamine, allopurinol, sulfasalazine and cocaine [9]. It generally has a more benign
course than an ANCA-positive pulmonary renal syndrome. Cessation of the offending agent typically leads
to disease regression [50].

Other causes
Pulmonary renal syndrome is a rare complication of systemic sclerosis. It is seen more often in patients
with systemic sclerosis-related fibrotic lung disease [51]. 5% of patients with rheumatoid arthritis (RA)
have rheumatoid vasculitis, where the clinical manifestations of both RA and vasculitis are seen. DAH is
uncommon. Renal involvement is typically in the form of renal amyloidosis and glomerulonephritis
[6, 52]. Mixed connective tissue disease is an autoimmune disease with clinical features of SLE and RA.
Pulmonary renal syndrome is rare [53]. Post-streptococcal glomerulonephritis usually presents 10 days after
a streptococcal pharyngitis. Pulmonary syndrome has been reported but is very rare [6]. DAH is a rare
feature of polymyositis and dermatomyositis [53].

Clinical features
Clinical features vary depending on the underlying aetiology. However, DAH and glomerulonephritis are
the unifying features. Haemoptysis is the most common manifestation of DAH, but it is absent in up to
30% of cases [54, 55]. Haemoptysis is usually mild but can be large volume. Other common symptoms
include cough, dyspnoea and low-grade pyrexia. Acute respiratory failure requiring intubation occurs in
∼50% of cases [23]. DAH is more common in GPA (42% of cases), compared with MPA (29%) and
EGPA (3%).

Glomerulonephritis should be suspected when haematuria, proteinuria and active urinary sediment are
seen. It can progress to end-stage renal failure requiring renal replacement therapy [9].
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Clinical features of pulmonary renal syndrome are nonspecific and, thus, a high index of suspicion is
required. Pulmonary renal syndrome should be considered in those with bilateral pulmonary infiltrates,
falling haemoglobin levels and renal failure. It should also be considered in patients with unexplained
sinusitis, mononeuritis multiplex, polyarthralgia, asthma, pericarditis, cerebral ischaemia, purpura, and
congestive heart failure [9].

Diagnostic evaluation
Establishing the diagnosis promptly is crucial as respiratory failure and end-stage renal failure can occur
rapidly.

Radiology
Chest radiograph typical demonstrates bilateral airspace opacities, with or without air bronchograms. These are
typically in a perihilar distribution, predominantly affecting the middle and lower zones; however, the chest
radiograph can be normal in up to 25% of cases [8]. The typical features on chest computed tomography (CT)
are mixed areas of consolidation and ground glass (figure 1). When interlobular septal thickening is present it
is usually coarse. Cavitating nodules/masses can be seen in GPA, while airway wall thickening and small
non-cavitating nodules are common in EGPA. Multiphase CT angiography can help localise an active bleeding
source in large volume haemoptysis, and define the bronchial artery anatomy. Adenopathy is an uncommon
finding and should prompt consideration of infection or malignancy if seen [56].

Bronchoscopy
Bronchoscopy can be useful in diagnosing DAH. Bronchoalveolar lavage (BAL) fluid shows increasing
blood-stained aspirates in sequential samples with haemosiderin-laden macrophages on cytology (figure 2).
The upper limit of normal for haemosiderin-laden macrophages in BAL fluid is 5% [6]. Transbronchial
biopsy may be considered for histology but often an alternate site, such as renal biopsy, may confer a
lower risk. Bronchoscopy can also be valuable in excluding infection [9].

Laboratory testing
A reduction in serum haemoglobin and haematocrit should raise suspicion for DAH especially when acute
in nature. Typically, a normochromic normocytic anaemia is seen, which is out of proportion to the renal
failure. An elevated urea and creatinine can signify acute renal injury suggestive of glomerulonephritis.
Abnormal platelet count and coagulation studies may indicate a bleeding diathesis as a cause of DAH.
Peripheral eosinophilia is suggestive of EGPA. A Coombs’ negative haemolytic anaemia with schistocytes

b)a)

d)c)

e)

FIGURE 1 High-resolution computed tomography (CT) images of the chest from patients with diffuse alveolar haemorrhage (DAH) in pulmonary
renal syndrome. a–c) The axial CT slices show extensive bilateral mixed consolidative and ground-glass opacities with a mid to lower zone
predominance admixed with coarsened interlobular septa, appearances typical for DAH. d) Milder disease is shown on an axial CT slice with patchy
ground-glass opacities bilaterally. e) A coronal CT chest image highlights the mid to lower zone predominance in DAH.
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or fragmented red cells with thrombocytopenia is suggestive of TTP. Respiratory viral and atypical bacteria
PCR along with blood cultures should be evaluated to assess for an infectious process [57].

Urine analysis is essential; proteinuria is always present but rarely in the nephrotic range. Urinalysis can
demonstrate dysmorphic red cells, red cell casts and fragments. Proteinuria is more common than
haematuria; however, when both are present this is highly indicative of glomerulonephritis [58, 59].

Serology is useful in determining the cause; however, the pre-test probability is vital when it comes to the
interpretation [8, 9, 12]. ANCA antibodies can be directed against PR3 and against MPO. GPA is more
commonly associated with PR3-ANCA, whereas MPA is associated with MPO-ANCA [30]. EGPA is
more often ANCA negative than positive [8, 9]. Anti-GBM disease is associated with anti-GBM
antibodies, which are 95–100% sensitive and 90–100% specific [9, 12].

Anti-dsDNA, anti-Smith and anti-C1q antibodies are associated with lupus nephritis. Lupus anticoagulant
and anti-cardiolipin antibodies are associated with APS. Rheumatoid factor and anti-CCP are seen in RA.
Anti-centromere and anti-Scl70 antibodies are associated with systemic sclerosis. Anti-RNP is seen in
mixed connective tissue disease. Anti-Jo1 is associated with myositis. Positive hepatitis serology and
cryoglobulins are seen in cryoglobulinaemia (table 2) [60].

Pulmonary function testing
Extravascular blood increases the uptake of carbon monoxide [61]. If this blood is present in the alveoli,
clearance of the carbon monoxide radioisotope will be reduced, resulting in a low transfer coefficient [62].
Thus, the ratio of uptake to clearance can indicate recent pulmonary haemorrhage [6]. However, practically
it can be difficult to perform in a patient with respiratory compromise and most patients will not have a
baseline value to compare.

Histology
A positive biopsy is strongly supportive of a diagnosis of AAV and is recommended to assist in
establishing a new diagnosis [63]. Biopsy options for histological confirmation include percutaneous renal
biopsy (typically the preferred site), transbronchial, thoracoscopic or surgical lung biopsy. Lung biopsy
carries considerable risk and should only be used if diagnosis cannot be achieved by an alternate site [8].

Lung biopsy indicating alveolar haemorrhage typically demonstrates intra-alveolar fibrin with haemosiderin-
laden alveolar macrophages. Haemosiderin appears 48 h after haemorrhage, thus is useful in delineating
DAH from surgical trauma [23]. Capillaritis is the most common accompanying histopathological condition
seen in 63% of cases [6], particularly in the presence of vasculitis. The histological features include fibrin
thrombi occluding capillaries and fibrinoid necrosis of the capillary wall, with interstitial accumulation of

FIGURE 2 Bronchoalveolar lavage (BAL) fluid specimens from a patient with diffuse alveolar haemorrhage
(DAH) in pulmonary renal syndrome. Progressive haemorrhagic BAL can be noted in the serial samples
(number 1 is the first BAL, number 2 is the second BAL, and number 3 is the third BAL).
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fragmented neutrophils [23]. Diffuse alveolar damage can also be seen supported by evidence of alveolar
oedema, capillary congestion, microvascular thrombi and hyaline membrane formation [45, 64, 65].

There are several variations in renal pathological findings depending on the aetiology [8]. Renal biopsies
typically demonstrate a focal segmental necrotic glomerulonephritis in anti-GBM and AAV disease where
crescent formation with normal glomerular segments intermixed is seen in >90% of cases. This is in
contrast to immune-complex disease, where a membranoproliferative glomerulonephritis is seen. Necrosis
and crescent formation are typically absent; if crescent formation is present, it typically affects less than
50% of the glomerulus [66]. Furthermore, renal histology can be divided into three immunohistochemical
patterns: type 1 antibody-mediated as seen in anti-GBM disease, type 2 immune complex-mediated as seen
in SLE and type 3 pauci-immune as seen in AAV [67].

In addition, specific findings can indicate the underlying aetiology. Anti-GBM disease can be confirmed
by linear deposition of IgG on renal biopsy [68]. Granulomas with necrosis on lung biopsy indicates GPA.
Necrotising vasculitis, eosinophilic tissue infiltration and extravascular granulomas on lung biopsy
indicates EGPA [9]. Lupus nephritis has six phenotypes, generally demonstrating immunofluorescence
strongly positive for immunoglobulins and complement in a granular pattern [69]. In AAV,
immunofluorescence typically reveals minimal antibody deposits hence the term “pauci-immune”.

The American College of Rheumatology and European Alliance of Associations for Rheumatology have
validated criteria for the classification of EGPA, MPA and GPA based on clinical, biochemical and
histological features which are highly sensitive and specific [70–72].

General management
Treatment should be initiated promptly as mortality and morbidity in pulmonary renal syndrome is high
[4, 45, 73]. Optimal treatment is based on the underlying disease process; hence it is best considered on an
individual basis (figure 3). Initial treatment typically involves a combination of glucocorticoids,
immunosuppression and plasmapheresis. Supportive measures such as transfusion, mechanical ventilation
and renal replacement therapy are implemented when needed [15]. Broad spectrum antimicrobial cover is
often given until further workup is performed to exclude infection [48].

Disease-specific management
AAV
AAV is generally treated with a combination of glucocorticoids and immunosuppressive therapy. Treatment
is divided into an induction phase, typically 6–12 months, followed by a maintenance phase of
18–24 months.

TABLE 2 Serology testing in pulmonary renal syndromes

ANCA-associated vasculitis
Granulomatosis with polyangiitis (GPA) ANCA positive 90% [61]; PR3 positive in 75%
Microscopic polyangiitis (MPA) ANCA positive 60% [61]; MPO positive in 65%
Eosinophilic granulomatosis with

polyangiitis (EGPA)
ANCA positive 30–70% [61]; PR3 positive in 5%, MPO positive in
45% [62]

Anti-GBM disease Anti-GBM antibodies are 95–100% sensitive and 90–100%
specific [10, 63, 64]

ANCA-negative vasculitis
IgA disease Nil specific
Cryoglobulinaemia Hepatitis serology; serum cryoglobulins [65]

Autoimmune connective tissue disease
Systemic lupus erythematosus (SLE) Anti-dsDNA, anti-Smith, anti-C1q antibodies
Antiphospholipid syndrome (APS) Anti-cardiolipin, lupus anticoagulant antibodies
Rheumatoid arthritis (RA) Rheumatoid factor, anti-cyclic citrullinated peptides

Mixed connective tissue disease (MCTD) Anti-RNP
Polymyositis and dermatomyositis Anti-Jo1, anti-Ro antibodies
Systemic sclerosis Anti-centromere, anti-Scl70 [60, 66]

Positive serology can aid in narrowing the diagnosis in pulmonary renal syndrome. Differentiating between
ANCA-positive and ANCA-negative serology is often the first step in determining the cause. ANCA:
anti-neutrophil cytoplasm antibodies; GBM: glomerular basement membrane; PR3: proteinase-3; MPO:
myeloperoxidase; dsDNA: double-stranded DNA.
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Glucocorticoids are the cornerstone of treatment. Standard induction regimens include pulsed
methylprednisolone for 3–5 days followed by a taper to 1 mg·kg−1 for the first month and further taper
over the subsequent months [74]. Rapid tapering of glucocorticoids with cyclophosphamide and rituximab
induction therapy showed no difference in disease relapse or remission compared with a slow taper and
patients had less complications [75, 76]. Furthermore, the PEXIVAS trial indicated that a low-dose
glucocorticoid regimen was non-inferior to the standard regimen [76], which has been reflected in clinical
guidelines [74]. Glucocorticoids are typically continued at low dose for a minimum of 18 months
alongside a steroid-sparing agent. Patients with PR3-ANCA positivity typically complete an extended
24−36-month course given the higher rate of disease relapse [63, 77, 78].

A combination of immunosuppressive therapy and glucocorticoids are recommended in organ-threatening
disease [63]. Rituximab, rather than cyclophosphamide, is the preferred agent of the American College of
Rheumatology as it is considered less toxic [74]. Rituximab has been shown to be non-inferior to
glucocorticoids plus oral cyclophosphamide and azathioprine [79, 80]. Rituximab is as effective as
cyclophosphamide in AAV with renal involvement and in relapsed disease [81]. Pulsed intravenous
cyclophosphamide achieves a lower cumulative dose with less toxicity, while achieving similar efficacy to
daily oral cyclophosphamide [82]. The most common complications include sepsis, malignancy,
haemorrhagic cystitis and cytopenia [83]. Cyclophosphamide is not recommended as maintenance
treatment because of dose-related complications. For maintenance treatment, low-dose glucocorticoids with
azathioprine, rituximab, methotrexate or mycophenolate mofetil are recommended [63]. The American
College of Rheumatology recommends rituximab for maintenance given the lower risk of relapse
compared with methotrexate and azathioprine [74]. In Europe, most centres switch to a maintenance
regime after 3–6 months of induction therapy [8, 13].

Plasmapheresis had been the mainstay of induction therapy in pulmonary renal syndrome secondary to
AAV with RPGN or DAH. The mechanism of action of plasmapheresis is largely unknown; it likely
reduces ANCA titres and removes a large fraction of pro-inflammatory cytokines, complement and

Pulmonary renal

syndrome

DAH + 

glomerulonephritis

AAV

Non-AAV

GPA

MPA

EGPA

Anti-GBM

APS

SLE

Double

positive

disease

Induction

Glucocorticoids

Consider PLEX

Consider IVIG

Consider anticoagulation

Induction

Glucocorticoids

CYC/MMF

Consider PLEX

Induction

Glucocorticoid

Immunosuppressant

PLEX

Induction

Glucocorticoid

CYC/rituximab

Consider PLEX

Maintenance

Glucocorticoid

AZA/MTX/CYC/rituximab

Maintenance

Glucocorticoid

Immunosuppressant

Maintenance

MMF/AZA

FIGURE 3 Treatment algorithm in pulmonary renal syndrome. Treatment depends on the underlying cause; however, it is often a combination of
glucocorticoid and immunosuppressant. Plasmapheresis can be considered in certain groups. Treatment typically consists of an induction phase
followed by a maintenance phase. DAH: diffuse alveolar haemorrhage; AAV: ANCA-associated vasculitis; ANCA: anti-neutrophil cytoplasm antibodies;
GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; EGPA: eosinophilic granulomatosis with polyangiitis; GBM: glomerular
basement membrane; APS: antiphospholipid syndrome; SLE: systemic lupus erythematosus; CYC: cyclophosphamide; PLEX: plasmapheresis;
IVIG: intravenous immunoglobulin; MMF: mycophenolate mofetil; AZA: azathioprine; MTX: methotrexate.
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coagulation factors from the systemic circulation. Prior studies suggested that it reduced the risk of
end-stage renal disease [84] and reduced dependence on dialysis by 50% at 12 months in severe renal
vasculitis [85]. However, the PEXIVAS trial did not identify any additional benefit of the addition of
plasmapheresis to standard therapy in patients with severe AAV. While none of the patients in this study
underwent a renal biopsy, the study made a compelling case against the routine administration of
plasmapheresis as part of induction in patients with AAV and renal involvement. There is still a subset of
patients with severe RPGN who may derive benefit from plasmapheresis, especially those with markedly
elevated ANCA titres or those approaching renal replacement therapy. The American College of
Rheumatology recommend against routine use of plasmapheresis in patients with glomerulonephritis but
advise that it should be considered in those at higher risk of progression to end-stage renal disease [74].
The evidence for plasmapheresis in DAH is limited [13, 85, 86]. Trials have suggested that the risk of
death from pulmonary haemorrhage was reduced [87]; however, there is no proven long-term survival
benefit and certainly very little evidence for its role in the treatment of less severe disease [85]. In the
PEXIVAS trial, there was no observed treatment effect. However, there was a possible benefit of
plasmapheresis in the subgroup analysis in patients with DAH [76]. The American College of
Rheumatology recommend against the use of plasmapheresis in DAH; however, they suggest consideration
in those who are critically ill or failed to respond to the recommended remission induction therapies [74].

Anti-GBM disease
Anti-GBM disease is treated aggressively due to the high mortality and morbidity. Plasmapheresis to
remove the circulating antibodies is the gold standard treatment, usually performed for 2 weeks or until the
anti-GBM antibodies are undetectable. There is evidence to suggest earlier commencement has a beneficial
effect on long-term renal recovery [36]. In general, the disease does not relapse, and immunosuppressive
agents can be safely withdrawn within a few months [88]. The largest experience in anti-GBM disease
used high-dose prednisolone tapered over 6 months, oral cyclophosphamide for 2–3 months, and daily
plasma exchange until anti-GBM antibodies were no longer detectable [89].

Anti-GBM disease and AAV
Patients who are double-seropositive behave similarly to those with an isolated anti-GBM disease in the
initial disease phase and so should be treated in a similar manner with plasmapheresis [36, 90]. The
subsequent disease course is more similar to AAV [88], and as such, they should then receive maintenance
immunosuppression to prevent relapse, as used in patients with AAV.

APS
Catastrophic APS is treated with a combination of anticoagulation, glucocorticoids, intravenous
immunoglobulin and plasmapheresis [91]. Treatments are based on observational data and case series as there
are no randomised controlled studies to date. DAH in the setting of APS is treated with intravenous pulsed
methylprednisolone. Anticoagulation should be used with caution once haemorrhage is controlled.
Plasmapheresis and intravenous immunoglobulin should be used as adjuncts in steroid unresponsive disease.
The use of cyclophosphamide is associated with increased mortality and thus should be avoided [48].

SLE
As with other organ-threatening manifestations of SLE, the treatment of DAH is with high-dose
glucocorticoids with an additional immunosuppressive agent [92]. A retrospective series supported the use
of cyclophosphamide in conjunction with glucocorticoids [45]. Plasmapheresis can also be used in DAH;
however, variable treatment responses have been seen [93, 94]. Proliferative lupus nephritis is typically
treated with an induction phase with either mycophenolate or cyclophosphamide in conjunction with
glucocorticoids [95]. Mycophenolate or azathioprine are used as maintenance therapy, with lower relapses
seen in the mycophenolate group. Plasmapheresis conferred no additional benefit [96].

Cryoglobulinaemia
Treatment usually includes a combination of glucocorticoids, plasmapheresis and cyclophosphamide [6]. It
is critical to identify and treat the underlying condition. Patients with HIV or hepatitis B viral infection
should receive antiviral therapy prior to immunosuppressive therapy and those with hepatitis C viral
infection can receive immunosuppression prior to receiving antivirals.

Other diseases
Glucocorticoids are the first-line therapy in IgA vasculitis-related pulmonary renal syndrome [97]. Pulsed
intravenous cyclophosphamide is recommended if the patient develops respiratory failure. Systemic
sclerosis is treated with glucocorticoids and cyclophosphamide [51] after careful consideration of the
disease subtype; glucocorticoids can worsen and trigger thrombotic microangiopathy, where
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plasmapheresis should be considered instead [98]. In rheumatoid disease the mainstay of treatment is
steroids and no treatment has been shown to be superior in terms of survival benefit [6, 52].

Natural history and prognosis
If left untreated pulmonary renal syndrome can follow a fulminant course. With treatment, improvement is
typically seen within the first few days of initiation. If a patient deteriorates following treatment, sepsis
must be considered given the level of immunosuppression. In a series of 26 patients with necrotising
vasculitis admitted to ICU, 75% died of sepsis [99]. Refractory pulmonary renal syndrome and adverse
drug effects should also be considered.

In AAV, 85% of patients achieve disease remission [77, 100]. DAH and renal function at presentation are
independently associated with induction refractory disease [101]. Relapse will occur in 30–50% of patients
over 5 years [102], requiring re-induction therapy with aggressive immunosuppression. Recurrence is rare
in patients with anti-GBM disease, reported in <3% of cases [36]. In SLE, disease recurrence after
treatment is frequent [95].

The 5-year mortality of pulmonary renal syndrome with combination therapy is 12% [103]. The 5-year survival
rates for GPA, MPA and EGPA are estimated to be 74–91%, 45–76% and 60–97%, respectively [78]. DAH
usually heralds severe vasculitis and mortality remains high. DAH is associated with a worse prognosis
regardless of the underlying aetiology [104]. Renal recovery is less common in patients who require renal
replacement therapy. Despite treatment, almost 66% of patients with pulmonary renal syndrome will need renal
transplantation within 4 years of presentation [12]. In AAV, age and serum creatinine at presentation remain the
strongest predictors of both survival and renal outcome [105]. In anti-GBM disease, renal replacement therapy
at presentation heralds poor prognosis for renal recovery [36, 106]. Patients who presented with a creatinine
concentration <500 μmol·L−1 had 100% patient survival and 95% renal survival at 1 year. In contrast, patients
requiring dialysis at presentation had 65% patient survival and 8% renal survival at 1 year [36].

Key points
• The causes of pulmonary renal syndrome can broadly be divided into ANCA-associated vasculitis (AAV) and

immune complex-mediated vasculitis, which includes anti-GBM disease and ANCA-negative diseases.
• Haemoptysis is the most common manifestation of DAH, but it is absent in 30–35% of cases so a high

index of suspicion is needed in a patient in undifferentiated respiratory failure.
• Chest imaging typically demonstrates bilateral ground-glass opacities and consolidation in a perihilar

distribution, with a middle and lower zone predominance.
• Treatment involves a combination of glucocorticoids, immunosuppression and plasmapheresis with

supportive measures such as transfusion, mechanical ventilation and renal replacement therapy when
needed.

Self-evaluation questions
1. A 54-year-old woman presents to the emergency department with a 3-month history of progressive

dyspnoea on a background of asthma and sinusitis. While awaiting assessment she has an episode of
bright red haemoptysis. On examination she is vitally stable with oxygen saturations of 95% on room air.
There are crackles in the right lung base on auscultation. Chest radiography reveals perihilar bilateral
ground-glass opacification. Which of the following blood tests would be most likely to make the correct
diagnosis?
a) Rheumatoid factor
b) Anti-RNP antibodies
c) Anti-Jo1 antibodies
d) ANCA testing
e) dsDNA levels

2. A 26-year-old male, ex-smoker, is admitted with haematuria and scant haemoptysis. He is
haemodynamically stable and remains on 2 L of oxygen via nasal prongs to maintain oxygen saturations
>95%. He is diagnosed with pulmonary renal syndrome due to anti-GBM disease. Which of the following
would be the most appropriate initial management step?
a) Administer a saline nebuliser
b) Glucocorticoids and cyclophosphamide
c) Commence renal replacement therapy
d) Plasmapheresis with glucocorticoids and cyclophosphamide
e) High-dose glucocorticoids alone
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