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Définition   

•  « Lung purpura with glomerulonephritis » 
•  Définition historique et physiopathologique 
•  Importance du diagnostic différentiel 
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Cause	
  immunologique	
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Friedrich Wegener 

1932: Sturm Abteilung (SA) 
1934: Autopsie un cas de granulomatose 
nécrosante chez une femme de 38 ans 
1938:  Lieutenant colonel des SA 
1944:  Anatomopathologiste près du ghetto 
de Lodz (Pologne); inscrit sur une liste de 
criminels de guerre 
1947:  « Dénazification » 
 
2008: Suppression  de  l’éponyme 

1907-1990 

Polyangéite	
  granulomateuse	
  



•  1918 : EW Goodpasture, 1ère description (Grippe) 

•  1958 : syndrome de Goodpasture = syndrome pneumo-rénal 
•  1964-1965 : description des anticorps anti-MBG 

•  1985 : description des ANCA 
•  1996 : prépondérance des vascularites à ANCA 

1886-1960 

Ernest Goodpasture 

Ici en 1918 
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rapidement progressive 
Insuffisance rénale aiguë 
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Protéinurie 
Pas d’HTA 

SYNDROME PNEUMO-
RÉNAL ? 

Diagnostic différentiel Diagnostic étiologique 

Preuve	
  histologique	
  

Bilan	
  
immunologique	
  

Hémorragie alvéolaire 
Opacités alvéolaires + Hémoptysie  

 LBA rosé 
Score de Golde > 100 (délai 72h) 

 Anémie Ferriprive 

Glomérulonéphrite 
rapidement progressive 
Insuffisance rénale aiguë 
Hématurie microscopique 

Protéinurie 
Pas d’HTA 

SYNDROME PNEUMO-
RÉNAL ? 

Diagnostic différentiel Diagnostic étiologique 



records was approved by the Institutional Review Board of
the French Learned Society for Respiratory Medicine -
Société de Pneumologie de Langue Française.

Inclusion criteria

The medical records of consecutive patients admitted
between January 1980 and December 2009 for suspected
DAH were reviewed. For patients with multiple admissions,
the first admission was used for the study. All adult patients
with symptomatic DAH were eligible. The definition of
symptomatic DAH was based on the following criteria. First,
the clinical and radiological presentation was compatible
with the diagnosis of DAH, including hemoptysis and/or new
pulmonary infiltrates on chest x-ray (Fig. 1A) and/or anemia
(i.e., DAH triad).2 Second, the bronchoalveolar lavage
(BAL) fluid was macroscopically bloody (Fig. 1B). Alterna-
tively, hemorrhagic and siderophagic alveolitis were evi-
denced on BAL cytology (Fig. 1C),19,25,26 trans-bronchial
lung biopsy or surgical lung biopsy.

Patients with immunocompromised status (human
immunodeficiency virus infection, hematological malig-
nancies, bone marrow or solid organ transplantation,
immunosuppressive drugs therapy, cytotoxic chemotherapy
or radiotherapy, steroids at a daily dose higher than 20 mg
of prednisone-equivalent for more than two months) were
excluded. Patients with hemorrhage of bronchial origin and
patients receiving hemodialysis for chronic renal failure
were also excluded.

Data collection

Data were abstracted from medical charts using a standard-
ized procedure (see the methods section of the online
supplement for more details). Variables available during
the first 24 h of hospitalization included demographics,

clinical and laboratory features. Pulmonary-renal syndrome
was defined clinically by the presence of DAH and the
following criteria: hematuria, proteinuria > 1g/L, and
glomerular filtration rate (GFR)< 60mL/min. The prodromal
phase was the time elapsed between the first symptom
related to the cause of DAH and hospital admission. The
severity of DAH was assessed from generic scores of organ
dysfunction including the Logistic Organ Dysfunction (LOD)
score27 and the Simplified Acute Physiology Score (SAPS) II.28

Variables available during hospitalization included
hospital length of stay, vital status at hospital discharge,
need for invasive mechanical ventilation, hemodialysis,
blood transfusion, peak plasma lactic dehydrogenase (LDH)
level, anti-neutrophil cytoplasm antibody (ANCA)-test
immunofluorescence pattern (i.e., a granular cytoplasmic
neutrophil fluorescence with central interlobular accentu-
ation (c-ANCA), and a perinuclear fluorescence (p-ANCA))
and specificity (i.e., directed against proteinase-3 (PR3) or
myeloperoxydase (MPO), as detected by ELISA),29 lung and
kidney tissue histology and immunofluorescence analysis,
administration of steroids or cyclophosphamide, and insti-
tution of plasma exchange.

Variables available after hospital discharge included
death during the follow-up period, end stage renal disease
(i.e., need for chronic hemodialysis) and need for long-
term oxygen therapy.

Definitions and classification of the underlying
causes of DAH

The etiologic diagnoses of DAH were specifically defined
and classified into four groups.

Immune causes
The American College of Rheumatology criteria were used
for defining a necrotizing vasculitis. A histological proof of

Figure 1 A) Chest x-ray of a patient with diffuse alveolar hemorrhage, showing diffuse pulmonary infiltrates; B) Macroscopically
bloody bronchoalveolar lavage fluid. An increasing red blood cell count in sequential bronchoalveolar lavage aliquots from the same
location is considered diagnostic of diffuse alveolar hemorrhage; C) Bronchoalveolar lavage fluid stained by Perl’s Prussian blue
method, showing deep blue throughout the cytoplasm of two alveolar hemosiderin-laden macrophages. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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RECONNAITRE L’HEMORRAGIE INTRA-ALVEOLAIRE
Le diagnostic différentiel

1) Inondation des voies aériennes notamment sous V I1) Inondation des voies aériennes, notamment sous V.I, 
par une hémorragie d’origine bronchique
(N = 43/140 suspicions d’H.I.A.)(N  43/140 suspicions d H.I.A.)

2) Eléments d’orientation en faveur de l’inondation hémorragique :
lé i i di id li é i i i t l li élésion individualisée en imagerie; saignement localisé en 
endoscopie; hypervascularisation en artériographie. 

3) Eléments d’orientation en faveur de l’H.I.A. : saignement 
diffus en endoscopie; majoration du caractère hémorragique
du LBA au fur et à mesure de sa réalisation; stigmates cytologiques
de souffrance cellulaire (Neutrophiles, Pneumocytes).
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Diffuse alveolar haemorrhage: factors
associated with in-hospital and long-term
mortality
N. de Prost*, A. Parrot*, C. Picard*, P-Y. Ancel#, C. Mayaud*,
M. Fartoukh* and J. Cadranel*

ABSTRACT: Diffuse alveolar haemorrhage (DAH) is a feature of several immune and nonimmune
disorders. Reported prognosis is poor, with in-hospital mortality ranging from 20% to 100%. Early
identification of prognostic factors may be useful in the initiation of appropriate treatment.

We retrospectively analysed the charts of all patients referred to a university hospital for DAH
between 1980 and 2008. Variables associated with in-hospital and long-term mortality were
determined using a logistic regression model and the Kaplan–Meier method, respectively.
Immunosuppressed patients were excluded.

Overall, 97 patients were included in the study. In-hospital mortality was 24.7%. Factors
associated with in-hospital mortality were shock (OR 77.5, 95% CI 8.9–677.2), glomerular filtration
rate ,60 mL?min-1 (OR 11.2, 95% CI 1.8–68.4) and plasmatic lactate dehydrogenase level more
than twice the normal value (OR 12.1, 95% CI 1.7–84.3). Mortality among discharged patients was
16.4% with a median follow-up duration of 34 months. Factors associated with increased long-
term mortality in univariate analysis were age over 60 yrs (p50.026), cardiovascular comorbidity
(p50.027) and end-stage renal failure with dependence on haemodialysis (p50.026).

Patients with immune and nonimmune DAH had similar outcomes. Early outcome depended on
nonpulmonary organ failures. Conversely, late outcome was related to age, cardiac comorbidities
and the need for haemodialysis.

KEYWORDS: Adult respiratory distress syndrome, haemoptysis, interstitial lung diseases,
pulmonary hypertension

D
iffuse alveolar haemorrhage (DAH) is a
feature of several immune and non-
immune disorders. The fundamental pro-

cess common to each of the DAH syndromes is
diffuse bleeding into the acinar portion of the
lung. It typically presents with haemoptysis,
anaemia and pulmonary infiltrates on chest
radiograph. Failure to diagnose and treat DAH
syndromes in their early stages may lead to acute
respiratory failure and death. Reported prognosis
is poor, with in-hospital mortality ranging from
20% to 100% [1–3]. Delay in initiating treatment
may lead to chronic renal failure when DAH is the
early manifestation of a systemic disease [4, 5].

Early identification of factors associated with a
poor outcome may be useful in selecting the
patients at highest risk to initiate appropriate
treatment. To our knowledge, no publications
currently address this question. Most published
series are limited and instead focus on immune

causes of DAH [4–6]. Long-term outcomes and
factors associated with mortality in patients with
DAH after discharge have not been studied. This
information may be important in decision making.

Therefore, we conducted a retrospective study in
a large cohort of consecutive patients hospitalised
for symptomatic DAH over a 29-yr period.
Immunocompetent individuals presenting with
a DAH of immune or nonimmune cause were
included. We sought to identify early predictors
of in-hospital mortality available within the first
24 h following hospital admission and factors
associated with long-term mortality in dis-
charged patients.

METHODS
Study design
A retrospective cohort study was performed in
the intensive care unit (ICU) and chest depart-
ment of an 800-bed tertiary hospital in France
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pneumotoxic substance. This diagnosis required the exclusion
of all the other causes of DAH [24]. Idiopathic DAH was
defined when a thorough search for the above-mentioned
causes remained negative.

Data presentation and statistical analysis
Standard descriptive statistics were computed. Continuous
variables were reported as median (interquartile range), unless
otherwise stated. The Shapiro–Wilk normality test was
performed. We then drove two different models to assess the
factors associated with in-hospital and long-term mortality,
because we considered that each one of them addressed
specific clinical issues. Univariate and multivariate logistic
regressions were used to identify factors associated with in-
hospital mortality. Cut-off values were then defined according
either to their median (,60 mL?min-1 for glomerular filtration
rate) or to a clinically relevant threshold (.20 pack-yrs for
tobacco use, ,10 g?dL-1 for haemoglobin and .2 upper normal
value for LDH). A time variable referring to the year of
hospitalisation (from 1 for 1980 to 29 for 2008) was used to
assess the dependency of the outcome upon time, given the
length of the study period. Variables yielding p-values ,0.05
by univariate analysis and considered clinically relevant were
entered into a forward multivariate logistic regression analysis.
Odds ratios and their 95% confidence intervals were com-
puted. Colinearity and interactions were tested. We chose to
enter a maximum of three variables in the final multivariate
model in order to avoid overfitting [25]. A base model
including the main organ failures (shock and respiratory and
renal failures) was created. These variables have been chosen
because they have been previously shown to strongly influence
the outcome of patients with acute respiratory distress
syndrome [26]. The other covariates were entered in the model
with a critical removal p-value of 0.1. Effects on covariate
coefficients were also considered. The SAPS II score and LOD
score were not entered in the multivariate analysis because
they encompassed other study variables (age as well as other
variables used to define organ failures) [10, 11]. Long-term
outcome was studied for patients discharged from the hospital.
Factors associated with long-term mortality were identified by
the Kaplan–Meier method with the log-rank test. No further
multivariate analysis was performed because the statistical
power was considered too low. Two-tailed p-values ,0.05
were considered statistically significant. Analyses were carried
out using Statview statistical software (SAS Institute Inc.,
Calasabas, CA, USA).

RESULTS
Patient characteristics
Overall, 151 patients suspected of DAH were eligible, 54 of
whom were not included due to missing data (n510),
haemorrhage of bronchial origin (n543) or evidence of an
immunocompromised status during hospitalisation (n51)
(fig. 1). Of the remaining 97 patients included in the cohort
study, 73 were hospitalised in the ICU and 24 in the chest unit.
The main causes of DAH are listed in table 1. One-third of the
DAH syndromes were immune. The distribution of the causes
of DAH over four time periods (1980–1986, 1987–1993, 1994–
2000 and 2001–2008) is depicted in figure 2. The baseline
characteristics of the 97 patients at admission are shown in
table 2.

The median length of stay was 12 (6–20) days, averaging 14
(10–22) days for ICU patients and 10 (7–15) days for
conventional chest ward patients. Intravenous steroids were
administered to 39 patients after a median of 2 (1–5) days after
hospital admission. In-hospital mortality rate was 24.7% (24
out of 97) and did not vary significantly over time (five out of
11, 45.4%, during 1980–1986; six out of 25, 24%, during 1987–
1993; five out of 29, 17.2%, during 1994–2000; and eight out of
32, 25.0%, during 2001–2008; p50.58). Accordingly, there was
no relationship between the year of hospitalisation and
hospital mortality in univariate analysis (OR 0.97, 95% CI
0.91–1.03; p50.27). The median follow-up duration was 34 (9–
84) months for discharged patients, with a mortality rate of
16.4% (n512). Overall mortality rate was 37.1% (36 out of 97).

Figure 3a shows the Kaplan–Meier curve of survival prob-
ability over time for all patients. Finally, Kaplan–Meier curves
of patients having a DAH related to increased pulmonary
capillary pressure or not (fig. 3b) or related to an immune
cause or not (fig. 3c) were drawn for the whole study
population. There was a higher overall mortality in patients
with DAH related to increased pulmonary capillary pressure,
as compared with patients with DAH not related to increased
pulmonary capillary pressure (14 out of 26, 54% versus 22 out
of 71, 31%, respectively; p50.019 by the log-rank test). In
contrast, patients with immune DAH did not have a different
overall prognosis, as compared with patients with non-
immune DAH (12 out of 35, 34% versus 24 out of 62, 39%;
p50.738 by the log-rank test).

TABLE 1 Aetiology of diffuse alveolar haemorrhage (DAH)
syndromes

Subjects n

DAH of immune cause 35

Vasculitis# 25

AGBMAD 4

Connective tissue disease" 6

DAH of nonimmune cause 62

Increased pulmonary capillary pressure 26

Systolic dysfunction of the left ventricle+ 15

Diastolic dysfunction of the left ventricle 6

Valvular heart disease1 5

Miscellaneous 22

Infectione 6

Toxic- or drug-induced DAH 6

Clotting disorder 4

Barotrauma 4

Cancer 2

Idiopathic DAH 14

AGBMAD: anti-glomerular basement membrane antibody disease. #: micro-

scopic polyangiitis (n513), Wegener disease (n511), Churg and Strauss

disease (n51); ": systemic lupus erythematosus (n54), rheumatoid polyarthritis

(n51), Sharp syndrome (n51); +: median (interquartile range) left ventricle

ejection fraction was 40% (30.0–47.5); 1: mitral stenosis (n54), aortic stenosis

(n51); e: Panton–Valentine producing (n53) and nonproducing (n51)

Staphylococcus aureus, unidentified anaerobic bacteria (n51) and filariasis

(n51).
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anticoagulant treatments than others (p < 0.05). Those with miscellaneous causes of DAH ex-
hibited a shorter prodromal phase (p < 0.001) and had more frequent hemoptysis >200 mL
(p < 0.05). Patients with idiopathic DAH had more bronchoalveolar lavage siderophages
(p < 0.01). In-hospital mortality was 24.1%, ranging from 7.1% in patients with idiopathic
DAH to 36.4% in those with CHF.
Conclusions: Arbitrary classification of DAH in four etiologic groups gives the opportunity to
underline distinct presentations and outcomes of various causes of DAH.
ª 2012 Elsevier Ltd. All rights reserved.

Introduction

Diffuse alveolar hemorrhage (DAH), commonly defined as the
association of hemoptysis, new pulmonary infiltrates on
chest x-ray and anemia, is a rare syndrome resulting from
diffuse bleeding into the acinar portion of the lung.1,2

However, DAH can present in about 40% of the cases
without hemoptysis.3 DAH is a diagnostic and therapeutic
challenge because it may be revealed by nonspecific
pulmonary manifestations and caused by multiple immune
and non-immune disorders. Moreover, reported prognosis is
poor, with in-hospital mortality ranging from 20 to over
50%.4e6 Prompt identification of the underlying cause of DAH
and initiation of appropriate treatment is required in order
to prevent acute respiratory failure. When DAH is a mani-
festation of systemic illness, early targeted treatment can
also prevent the development of acute renal failure and the
potential subsequent renal death.7,8 The standard regimen
for remission induction of immune causes is based mainly on
high-dose steroids.9 However, such treatment will be inef-
fective and potentially deleterious if the DAH is due to non-
immune causes, such as congestive heart failure or infection.
Consequently, identification of the cause is crucial for
adequate management of a patient with DAH.

Over 100 causes of DAH have been reported in immu-
nocompetent patients (Table 1 of the online
supplement).1,3,10,11 Most of the published series focus
primarily on immune causes,2,5,8,12e14 but numerous non-
immune causes of DAH have been reported as case
reports.15e24 The relative frequency of the underlying
causes of DAH, as well as their respective prognosis, is not
well documented. We recently showed that the global
picture of DAH has changed over the last decades; non-
immune causes being largely underestimated.10 We also
reported similar outcome for immune and non-immune
causes. This finding challenged the belief that immune
DAH exhibits a worse prognosis than non-immune DAH.

Based on a retrospective cohort of 112 consecutive
immunocompetent patients, we aimed to report the causes
of DAH and their relative frequency and presentation to
a referral tertiary center in order to classify them into distinct
etiologic groups, and the mortality for each etiologic group.

Methods

Study design

A retrospective cohort study was performed in the Chest
Department including an Intensive Care Unit (ICU) of an
800-bed tertiary hospital in France (Hôpital Tenon,

Assistance Publique-Hôpitaux de Paris, France). This
observational, non-interventional analysis of medical

Table 1 Etiology of DAH syndromes (N Z 112).

Immune N Z 39

Small-vessel vasculitides 28
Microscopic polyangiitis 16
Wegener’s granulomatosis 11
Churg and Strauss syndrome 1

ABMAD 5
Connective tissue disease 6
Systemic lupus erythematosus 4
Rheumatoid arthritis 1
Mixed connective tissue disease 1

Congestive heart failure N Z 33

Systolic dysfunction of the left ventriclea 20
Diastolic dysfunction of the left ventricle 8
Valvular heart diseaseb 5

Miscellaneous N Z 26

Infection 8
Staphylococcus aureusc 5
Leptospirosis 1
Anaerobic bacteria 1
Dirofilaria immitis 1

Barotrauma 6
Clotting disorder 6
Thrombocytopenia 3
Anticoagulant and/or antiaggregant
treatment

3

Cancerd 2
Uterine leiomyosarcoma 1
Small cell lung cancer 1

Toxic-induced DAH 2
Cannabis 1
Glue solvent inhalation 1

Drug-induced DAH 1
Clomifene 1

Fat embolisme 1

Idiopathic N Z 14

DAH, diffuse alveolar hemorrhage; ABMAD, anti-glomerular
basement membrane antibody disease.
a Due to Churg and Strauss syndrome in one patient, median

left ventricle ejection fraction was 40% (30e45).
b Mitral stenosis (n Z 4), aortic stenosis (n Z 1).
c Including two meticillin-resistant and three Panton-

Valentine leukocidin producing strains.
d DAH related to endovascular metastasis in both cases.
e Following a tibial fracture.
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Connective tissue disease 6
Systemic lupus erythematosus 4
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3
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Cannabis 1
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Idiopathic N Z 14
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left ventricle ejection fraction was 40% (30e45).
b Mitral stenosis (n Z 4), aortic stenosis (n Z 1).
c Including two meticillin-resistant and three Panton-

Valentine leukocidin producing strains.
d DAH related to endovascular metastasis in both cases.
e Following a tibial fracture.
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Assistance Publique-Hôpitaux de Paris, France
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affects predominantly small arteries and other small
vessels, but a key concept is that vasculitis of all 3 major
categories can affect any size artery. It is very important
to realize that medium vessel vasculitis and even large
vessel vasculitis can affect small arteries.

Large vessel vasculitis (LVV). LVV is vasculitis
that affects large arteries more often than do other
vasculitides. Takayasu arteritis and giant cell arteritis are
the 2 major variants.

By the CHCC2012 definitions, all of the vessels
shown in Figure 1A are large vessels except the most
distal branches, which are medium vessels. All vessels
not shown in Figure 1A are medium vessels or small
vessels (not large vessels). No “large vessels” are inside
organs including muscles, nerves, kidney, and skin.

Even though LVV affects large arteries much

more often than does vasculitis of any other category, in
a specific patient large arteries may not be the predom-
inant type of vessel affected, because for every large
artery that is affected there may be many smaller
branches affected (especially medium arteries). How
often this is the case is not known. For example, imaging
and fluorescein angiography studies have shown that
ocular involvement in giant cell arteritis may affect not
only ophthalmic arteries, but also retinal arteries and
multiple ciliary arteries (medium arteries), and even
smaller branches of the ciliary and retinal arteries (small
arteries) (2). Large artery injury may not be the cause of
the most significant morbidity, as when blindness is due
to injury to smaller branches of the ophthalmic arteries.

The histopathologic features of Takayasu arteri-
tis and giant cell arteritis are indistinguishable. Both
Takayasu arteritis and giant cell arteritis occur predom-
inantly in females. The age at onset has been used by
many but not all investigators to distinguish between
giant cell arteritis and Takayasu arteritis. Some have
suggested that they are the same disease. This remains
unsettled, and CHCC2012 participants did not seek to
resolve this important question. Lacking definitive evi-
dence of shared causality, we have retained prior guide-
lines that consider Takayasu arteritis to be a disease
predominantly of younger individuals and giant cell
arteritis to be a disease predominantly of older individ-
uals (3–5).

Takayasu arteritis (TAK). TAK is arteritis, often
granulomatous, predominantly affecting the aorta
and/or its major branches. Onset usually occurs before
the age of 50 years, which is a major distinction from
giant cell arteritis, whose onset usually occurs after age
50. As with all eponyms, there was considerable delib-
eration about whether to retain the eponym “Takayasu”
or replace it with a noneponymous term such as “early-
onset granulomatous aortitis/arteritis.” The consensus
was that, for now, this eponym is more effective than any
alternative that was proposed.

Giant cell arteritis (GCA). GCA is arteritis, often
granulomatous and usually affecting the aorta and/or
its major branches, with a predilection for the branches
of the carotid and vertebral arteries. Giant cells are
frequently but not always observed in biopsy specimens
from patients with active GCA. The term “temporal
arteritis” is not a suitable alternative for GCA because
not all patients have temporal artery involvement, and
other categories of vasculitis can affect the temporal
arteries.

Medium vessel vasculitis (MVV). MVV is vascu-
litis predominantly affecting medium arteries, defined as
the main visceral arteries and their branches. Any size

Table 2. Names for vasculitides adopted by the 2012 International
Chapel Hill Consensus Conference on the Nomenclature of
Vasculitides

Large vessel vasculitis (LVV)
Takayasu arteritis (TAK)
Giant cell arteritis (GCA)

Medium vessel vasculitis (MVV)
Polyarteritis nodosa (PAN)
Kawasaki disease (KD)

Small vessel vasculitis (SVV)
Antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis

(AAV)
Microscopic polyangiitis (MPA)
Granulomatosis with polyangiitis (Wegener’s) (GPA)
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)

(EGPA)
Immune complex SVV

Anti–glomerular basement membrane (anti-GBM) disease
Cryoglobulinemic vasculitis (CV)
IgA vasculitis (Henoch-Schönlein) (IgAV)
Hypocomplementemic urticarial vasculitis (HUV) (anti-C1q

vasculitis)
Variable vessel vasculitis (VVV)

Behçet’s disease (BD)
Cogan’s syndrome (CS)

Single-organ vasculitis (SOV)
Cutaneous leukocytoclastic angiitis
Cutaneous arteritis
Primary central nervous system vasculitis
Isolated aortitis
Others

Vasculitis associated with systemic disease
Lupus vasculitis
Rheumatoid vasculitis
Sarcoid vasculitis
Others

Vasculitis associated with probable etiology
Hepatitis C virus–associated cryoglobulinemic vasculitis
Hepatitis B virus–associated vasculitis
Syphilis-associated aortitis
Drug-associated immune complex vasculitis
Drug-associated ANCA-associated vasculitis
Cancer-associated vasculitis
Others

NOMENCLATURE OF VASCULITIDES 5

affects predominantly small arteries and other small
vessels, but a key concept is that vasculitis of all 3 major
categories can affect any size artery. It is very important
to realize that medium vessel vasculitis and even large
vessel vasculitis can affect small arteries.

Large vessel vasculitis (LVV). LVV is vasculitis
that affects large arteries more often than do other
vasculitides. Takayasu arteritis and giant cell arteritis are
the 2 major variants.

By the CHCC2012 definitions, all of the vessels
shown in Figure 1A are large vessels except the most
distal branches, which are medium vessels. All vessels
not shown in Figure 1A are medium vessels or small
vessels (not large vessels). No “large vessels” are inside
organs including muscles, nerves, kidney, and skin.

Even though LVV affects large arteries much

more often than does vasculitis of any other category, in
a specific patient large arteries may not be the predom-
inant type of vessel affected, because for every large
artery that is affected there may be many smaller
branches affected (especially medium arteries). How
often this is the case is not known. For example, imaging
and fluorescein angiography studies have shown that
ocular involvement in giant cell arteritis may affect not
only ophthalmic arteries, but also retinal arteries and
multiple ciliary arteries (medium arteries), and even
smaller branches of the ciliary and retinal arteries (small
arteries) (2). Large artery injury may not be the cause of
the most significant morbidity, as when blindness is due
to injury to smaller branches of the ophthalmic arteries.

The histopathologic features of Takayasu arteri-
tis and giant cell arteritis are indistinguishable. Both
Takayasu arteritis and giant cell arteritis occur predom-
inantly in females. The age at onset has been used by
many but not all investigators to distinguish between
giant cell arteritis and Takayasu arteritis. Some have
suggested that they are the same disease. This remains
unsettled, and CHCC2012 participants did not seek to
resolve this important question. Lacking definitive evi-
dence of shared causality, we have retained prior guide-
lines that consider Takayasu arteritis to be a disease
predominantly of younger individuals and giant cell
arteritis to be a disease predominantly of older individ-
uals (3–5).

Takayasu arteritis (TAK). TAK is arteritis, often
granulomatous, predominantly affecting the aorta
and/or its major branches. Onset usually occurs before
the age of 50 years, which is a major distinction from
giant cell arteritis, whose onset usually occurs after age
50. As with all eponyms, there was considerable delib-
eration about whether to retain the eponym “Takayasu”
or replace it with a noneponymous term such as “early-
onset granulomatous aortitis/arteritis.” The consensus
was that, for now, this eponym is more effective than any
alternative that was proposed.

Giant cell arteritis (GCA). GCA is arteritis, often
granulomatous and usually affecting the aorta and/or
its major branches, with a predilection for the branches
of the carotid and vertebral arteries. Giant cells are
frequently but not always observed in biopsy specimens
from patients with active GCA. The term “temporal
arteritis” is not a suitable alternative for GCA because
not all patients have temporal artery involvement, and
other categories of vasculitis can affect the temporal
arteries.

Medium vessel vasculitis (MVV). MVV is vascu-
litis predominantly affecting medium arteries, defined as
the main visceral arteries and their branches. Any size

Table 2. Names for vasculitides adopted by the 2012 International
Chapel Hill Consensus Conference on the Nomenclature of
Vasculitides

Large vessel vasculitis (LVV)
Takayasu arteritis (TAK)
Giant cell arteritis (GCA)

Medium vessel vasculitis (MVV)
Polyarteritis nodosa (PAN)
Kawasaki disease (KD)

Small vessel vasculitis (SVV)
Antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis

(AAV)
Microscopic polyangiitis (MPA)
Granulomatosis with polyangiitis (Wegener’s) (GPA)
Eosinophilic granulomatosis with polyangiitis (Churg-Strauss)

(EGPA)
Immune complex SVV

Anti–glomerular basement membrane (anti-GBM) disease
Cryoglobulinemic vasculitis (CV)
IgA vasculitis (Henoch-Schönlein) (IgAV)
Hypocomplementemic urticarial vasculitis (HUV) (anti-C1q

vasculitis)
Variable vessel vasculitis (VVV)
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Introduction

The goals of the first International Chapel Hill
Consensus Conference on the Nomenclature of Sys-
temic Vasculitides (CHCC1994) were to reach consen-
sus on names for the most common forms of vasculitis
and to construct a specific definition for each (1). An
effort was made to adopt names and definitions that
were already widely accepted. Because of advances in

our understanding of vasculitis, another International
Chapel Hill Consensus Conference (CHCC2012) was
convened to improve the CHCC1994 nomenclature,
change names and definitions as appropriate, and add
important categories of vasculitis that were not included
in CHCC1994. As in the original CHCC, the emphasis
was on making changes only when justified. Herein we
report the CHCC2012 revised nomenclature for vascu-
litides.

CHCC is a nomenclature system (nosology). It is
neither a classification system that specifies what findings
must be observed in a specific patient to classify that
patient for clinical research nor a diagnostic system that
directs clinical management (Table 1). A disease nomen-
clature system specifies the name that should be used for
a specifically defined disease process. A nomenclature
system is constructed based on the state of knowledge at
the time it is developed, and specifies the name that
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Lübeck, Germany; 14R. A. Luqmani, DM, FRCP, FRCPE: University
of Oxford and Nuffield Orthopaedic Centre, Oxford, UK; 15A. D.
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was the first manifestation of a heart disease in seven patients
(mitral stenosis, n53; left heart systolic dysfunction, n53; and
diastolic dysfunction, n51), which led to death in two. In our
series, patients with DAH related to increased pulmonary
capillary pressure had a 53.8% overall mortality rate. In
comparison, there was a 31.0% overall mortality rate in others
(p50.019). Previously published data has reported a 33% 1-yr
mortality rate in patients hospitalised for cardiogenic pulmon-
ary oedema [29]. Our findings support this study because
DAH related to increased pulmonary capillary pressure was
associated with a poor prognosis. For patients hospitalised
before the era of echocardiography, the pulmonary artery
occlusion pressure was measured (n510). We acknowledge,
however, that among patients with increased pulmonary
capillary pressure, some of those hospitalised in the 1980s
might have been misclassified given the difficulty of assessing
left ventricle diastolic function. It is thus likely that some of the
patients classified as systolic dysfunction of the left ventricle
had an associated diastolic dysfunction. However, all the
patients classified as DAH due to increased pulmonary

capillary pressure (n526) had a patent DAH, as opposed to a
usual cardiogenic alveolar oedema: BAL fluid was macro-
scopically bloody in 10 patients, pink in 10 and normal in six,
for whom the percentage of alveolar siderophages was always
.70%. The discrimination of these patients from the others
was therefore challenging on hospital admission. We thus
wished to include them in this series, although the mechan-
isms involved in these DAH are mainly related to an increase
in hydrostatic pressures and not to a primary lesion of the
alveolocapillary barrier, as in DAH of other causes. This
subgroup of DAH seems to exhibit a worse outcome than the
others and might, therefore, require a more aggressive
management. Anticoagulant or antiaggregant therapy was
not associated with increased in-hospital or long-term mortal-
ity in this study (p50.11 and p50.43, respectively). However,
these treatments may exacerbate alveolar haemorrhage. In
particular, this may have occurred in patients with DAH
related to left heart failure. These patients frequently receive
such treatments. Among the 26 patients with DAH related to
increased pulmonary capillary pressure, those who received
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FIGURE 3. Kaplan–Meier curves of the probability of survival during the

median follow-up period. ??????: separation between in-hospital mortality and

mortality in discharged patients. a) Kaplan–Meier curve showing the probability of

survival for all patients. b) Kaplan–Meier curve showing the overall probability of

survival for patients with (–––––) or without (– – –) diffuse alveolar haemorrhage

(DAH) related to increased pulmonary capillary pressure (IPCP); p50.019 (log-rank

test). DAH not related to IPCP includes immune and idiopathic DAH and DAH of

miscellaneous causes. c) Kaplan–Meier curve showing the overall probability of

survival for patients with immune (–––––) or nonimmune (– – –) related DAH;

p50.735 (log-rank test). Nonimmune DAH include DAH related to IPCP, idiopathic

DAH and DAH of miscellaneous causes.
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Diffuse alveolar haemorrhage: factors
associated with in-hospital and long-term
mortality
N. de Prost*, A. Parrot*, C. Picard*, P-Y. Ancel#, C. Mayaud*,
M. Fartoukh* and J. Cadranel*

ABSTRACT: Diffuse alveolar haemorrhage (DAH) is a feature of several immune and nonimmune
disorders. Reported prognosis is poor, with in-hospital mortality ranging from 20% to 100%. Early
identification of prognostic factors may be useful in the initiation of appropriate treatment.

We retrospectively analysed the charts of all patients referred to a university hospital for DAH
between 1980 and 2008. Variables associated with in-hospital and long-term mortality were
determined using a logistic regression model and the Kaplan–Meier method, respectively.
Immunosuppressed patients were excluded.

Overall, 97 patients were included in the study. In-hospital mortality was 24.7%. Factors
associated with in-hospital mortality were shock (OR 77.5, 95% CI 8.9–677.2), glomerular filtration
rate ,60 mL?min-1 (OR 11.2, 95% CI 1.8–68.4) and plasmatic lactate dehydrogenase level more
than twice the normal value (OR 12.1, 95% CI 1.7–84.3). Mortality among discharged patients was
16.4% with a median follow-up duration of 34 months. Factors associated with increased long-
term mortality in univariate analysis were age over 60 yrs (p50.026), cardiovascular comorbidity
(p50.027) and end-stage renal failure with dependence on haemodialysis (p50.026).

Patients with immune and nonimmune DAH had similar outcomes. Early outcome depended on
nonpulmonary organ failures. Conversely, late outcome was related to age, cardiac comorbidities
and the need for haemodialysis.

KEYWORDS: Adult respiratory distress syndrome, haemoptysis, interstitial lung diseases,
pulmonary hypertension

D
iffuse alveolar haemorrhage (DAH) is a
feature of several immune and non-
immune disorders. The fundamental pro-

cess common to each of the DAH syndromes is
diffuse bleeding into the acinar portion of the
lung. It typically presents with haemoptysis,
anaemia and pulmonary infiltrates on chest
radiograph. Failure to diagnose and treat DAH
syndromes in their early stages may lead to acute
respiratory failure and death. Reported prognosis
is poor, with in-hospital mortality ranging from
20% to 100% [1–3]. Delay in initiating treatment
may lead to chronic renal failure when DAH is the
early manifestation of a systemic disease [4, 5].

Early identification of factors associated with a
poor outcome may be useful in selecting the
patients at highest risk to initiate appropriate
treatment. To our knowledge, no publications
currently address this question. Most published
series are limited and instead focus on immune

causes of DAH [4–6]. Long-term outcomes and
factors associated with mortality in patients with
DAH after discharge have not been studied. This
information may be important in decision making.

Therefore, we conducted a retrospective study in
a large cohort of consecutive patients hospitalised
for symptomatic DAH over a 29-yr period.
Immunocompetent individuals presenting with
a DAH of immune or nonimmune cause were
included. We sought to identify early predictors
of in-hospital mortality available within the first
24 h following hospital admission and factors
associated with long-term mortality in dis-
charged patients.

METHODS
Study design
A retrospective cohort study was performed in
the intensive care unit (ICU) and chest depart-
ment of an 800-bed tertiary hospital in France
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percentages of BAL siderophages. Interestingly, only four of
those patients had mitral stenosis, which was formerly
considered to be the main cause of CHF-related DAH.1,42

Instead, most of those patients had congestive heart
failure due to systolic or diastolic dysfunction of the left
ventricle. This finding is in keeping with the increasing
incidence and prevalence in chronic heart failure, likely
related to the increase in life span and effective treatment
of hypertension and coronary artery disease.43

Therewere 13 causes ofmiscellaneous DAH in 26 patients.
Although most of those causes had already been reported
(Table 1 of the online supplement), our study allows for the
assessment of the proportion of frequent causes of DAH, as
opposed to rare and anecdotal ones. Indeed, infections,
barotraumas, and clotting disorders accounted for 77% of the
diagnoses within this etiologic group.

Infection
The pathogen retrieved in most of the infectious causes was
Staphylococcus aureus (n Z 5), including two methicillin-
resistant and three Panton-Valentine leukocidin (PVL)
producing strains. This is consistent with previous reports
emphasizing the hemorrhagic presentation of pneumonia
involving those strains and confirms that S. aureus is prev-
alent among DAH patients presenting signs of acute

infection.44e46 One patient, with recent travel history to
the French Antilles, had a leptospirosis, frequently under-
estimated in the setting of DAH.21 Although it is mainly
endemic in tropical areas,47 it can occur worldwide. One
patient, who had recently traveled to Democratic Republic
of the Congo, had a DAH related to pulmonary filariasis.
Dirofilaria immitis, often referred to as the canine heart-
worm, is a vascular parasite that is prevalent in dogs in the
United States,48 and in South America.49 This parasite is
usually transmitted to humans by mosquito bites and causes
pulmonary and subcutaneous nodules,50 and eosinophilia.
To the best of our knowledge, there is no previously pub-
lished case of D. immitis infection revealed by DAH.

Barotrauma
Barotrauma-related DAH have been previously described in
various situations associated with high transpulmonary
pressures such as scuba diving,16 upper airway obstruc-
tion,51 and mechanical ventilation with major patient-
ventilator asynchronies, usually following general
anesthesia.17

Iatrogenic and toxic
Anticoagulant treatments were associated with other cau-
ses in about 15% of the cases and were likely to have trig-
gered or aggravated DAH in these cases, especially if
overdosed or when associated with anti-platelet treat-
ments. We only reported three cases of toxic- and drug-
induced DAH, and surprisingly no case of DAH related to
cocaine smoking or inhalation, a common cause of DAH.52

Current and past drug intake is crucial in the evaluation
of DAH patients, as withdrawal of the culprit drug or toxic
can reverse a life-threatening situation.38

Finally, idiopathic DAH is a rare condition with an
unknown incidence and prevalence in the population. In the
current series, it accounted for 12% of the DAH. There are
more than 500 cases of idiopathic DAH published in the
literature. However, many patients previously reported to
have idiopathic DAH were likely misdiagnosed, having DAH
of other origins.53 They would currently be categorized
differently with the advent of newer diagnostic tools.54

Presentation and diagnosis of the underlying causes
of DAH

Classification of DAH in four etiologic groups allowed us to
depict specific clinical and laboratory patterns.

Table 6 Outcome of discharged patients (N Z 85) over the follow-up period.

Variables All patients
(N Z 85)

Immune
(N Z 32)

CHF
(N Z 21)

Miscellaneous
(N Z 19)

Idiopathic
(N Z 13)

P

Clinical relapse of DAH 19 (22.3) 10 (31.2) 2 (9.5) 3 (15.8) 4 (30.8) 0.18
LTOT 5 (5.9) 1 (3.1) 0 (0.0) 1 (5.3) 3 (23.1) 0.026
End stage renal disease 7 (8.2) 7 (21.9) 0 (0.0) 0 (0.0) 0 (0.0) 0.008
Follow-up period duration,
months

9 (1e48) 16 (1e48) 3 (1e25)** 13 (1e88) 70 (5e157) 0.015

Mortality 12 (14.1) 5 (15.6) 3 (14.3) 2 (10.5) 2 (15.4) 0.90

Data are presented as median (IQR 25e75) or number (N) and percentage (%). DAH, diffuse alveolar hemorrhage; CHF, Congestive heart
failure; LTOT, long-term oxygen therapy; **p < 0.01 as compared to idiopathic DAH.
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Figure 4 KaplaneMeier curve of survival probability over
time for idiopathic (dotted line), immune (dashed line),
miscellaneous (dotted/dashed line), and congestive heart
failure-related (CHF, continuous line) diffuse alveolar hemor-
rhage (DAH). Overall, there was no statistical difference
between groups (p Z 0.25 by the log-rank test).
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Summary
Background: Diffuse alveolar hemorrhage (DAH) represents a diagnostic challenge of acute
respiratory failure. Prompt identification of the underlying cause of DAH and initiation of
appropriate treatment are required in order to prevent acute respiratory failure and irrevers-
ible loss of renal function. More than 100 causes of DAH have been reported. However, the
relative frequency and the differential presentation of those causes have been poorly docu-
mented, as well as their respective prognosis.
Methods: We retrospectively reviewed the charts of 112 consecutive patients hospitalized for
DAH in a tertiary referral center over a 30-year period.
Results: Twenty-four causes of DAH were classified into four etiologic groups: immune
(n Z 39), congestive heart failure (CHF; n Z 33), miscellaneous (n Z 26), and idiopathic
DAH (n Z 14). Based on this classification, clinical and laboratory features of DAH differed
on hospital admission. Patients with immune DAH had more frequent pulmonary-renal
syndrome (p < 0.001), extra-pulmonary symptoms (p < 0.01), and lower blood hemoglobin
level than others (p < 0.001). Patients with CHF-related DAH were older and received more

* Corresponding author. Service de Pneumologie et Réanimation, Hôpital Tenon, 4 rue de la Chine, 75970 Cedex 20 Paris, France. Tel.: þ33
1 56 01 61 47; fax: þ33 1 56 01 70 02.

E-mail address: antoine.parrot@tnn.aphp.fr (A. Parrot).

0954-6111/$ - see front matter ª 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.rmed.2012.03.015

Available online at www.sciencedirect.com

journal homepage: www.elsevier .com/locate/rmed

Respiratory Medicine (2012) 106, 1021e1032

Diffuse alveolar hemorrhage in immunocompetent
patients: Etiologies and prognosis revisited

Nicolas de Prost a,b,c, Antoine Parrot a,b,*, Elise Cuquemelle a,b,c,
Clément Picard a,b,d, Martine Antoine b,e, Joceline Fleury-Feith b,f,
Charles Mayaud a,b, Jean-Jacques Boffa b,g, Muriel Fartoukh a,b,
Jacques Cadranel a,b
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d Service de Pneumologie, Hôpital Foch, Suresnes, France
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12 of the 73 patients discharged from our hospital died during
the follow-up period. This resulted in a low statistical power.
Therefore, no multivariate analysis was performed on the
factors associated with long-term outcome with the Kaplan–
Meier method. Age .60 yrs was associated with mortality in
discharged patients. This finding was in agreement with the
study of THIBAULT et al. [35], who found that age had a greater
effect on long-term mortality in a large nonselected population
of patients admitted to the ICU. Dependence on haemodialysis
was also a risk factor for long-term mortality. This was a result
of pulmonary–renal syndrome that led to end-stage renal
failure [18, 28]. Previous studies showed that renal failure is an
independent predictor of poor outcome in anti-glomerular
basement membrane antibody disease [18], connective tissue

disease [36] and vasculitis [37]. This suggests that a subgroup
of patients suffering from immune causes of DAH leading to
end-stage renal failure might be at higher risk of death,
although the limited statistical power of our study did not
allow us to draw such an inference. Interestingly, patients with
a pre-existing cardiovascular disease had an increased risk of
death after hospital discharge. This finding suggests that DAH
related to increased pulmonary capillary pressure may be
associated with a worse prognosis than DAH related to other
causes. Most of our patients with DAH related to increased
pulmonary capillary pressure (19 out of 26; 73.1%) had a
previously known cardiovascular disease, suggesting that
DAH was the end-stage manifestation of a chronic heart
disease that resulted in death in 12 patients. However, DAH

TABLE 2 Characteristics and initial presentation of the 97 patients

Variables All patients Immune DAH Nonimmune DAH p-value

Subjects n 97 35 62

Age yrs 52 (32–67) 48 (24–64) 52 (36–68) 0.37

Males 61 (62.9) 17 (48.6) 44 (71.0) 0.28

BMI kg?m-2 24.1 (20.8–26.0) 23.3 (19.7–24.6) 24.3 (22.3–26.7) 0.052

Weight loss .5% 34 (35.0) 21 (60.0) 13 (21.0) 0.009

Tobacco .20 pack-yrs 33 (34.0) 8 (22.8) 25 (40.3) 0.21

Alcohol use 18 (18.5) 6 (17.1) 12 (19.3) 0.82

Previous cardiovascular disease# 42 (43.3) 12 (34.3) 30 (48.4) 0.39

Previous respiratory disease" 20 (20.6) 8 (22.8) 12 (19.3) 0.74

Anticoagulant treatment 13 (13.4) 0 (0.0) 13 (21.0) 0.009

Antiaggregant treatment 16 (16.5) 4 (11.4) 12 (19.3) 0.39

SAPS II 22 (12–35) 19 (12–35) 23 (13–36) 0.70

LOD score 3 (0–5) 3 (1–5) 2 (0–4) 0.088

First symptom admission days+ 10 (3–21) 18 (10–30) 5 (2–15) ,0.001

Haemoptysis 66 (68.0) 21 (60.0) 45 (72.6) 0.57

Use of accessory muscles 26 (26.8) 9 (25.7) 17 (27.4) 0.89

Crackles 77 (79.4) 27 (77.1) 50 (80.6) 0.71

Pa,O2/FI,O2 ratio 252 (195–352) 286 (205–333) 219 (170–355) 0.33

Mechanical ventilation 17 (17.5) 4 (11.4) 13 (21.0) 0.41

Pulmonary infiltrates on chest radiograph 90 (92.8) 32 (91.4) 58 (93.5) 0.94

Shock 17 (17.5) 2 (5.7) 15 (24.2) 0.054

Extrapulmonary symptoms

Cutaneous 30 (30.1) 19 (54.3) 11 (17.7) 0.011

Bone/joint 16 (16.5) 13 (37.1) 3 (4.8) ,0.001

Gastro-intestinal 10 (10.3) 3 (8.6) 7 (11.3) 1.0

Neurological 21 (21.6) 10 (28.6) 11 (17.7) 0.33

Nose–ear–throat 26 (26.8) 17 (48.6) 9 (14.5) 0.013

Ocular 11 (11.3) 7 (20.0) 4 (6.4) 0.10

Urinalysis reagent strip

Haematuria 25 (25.8) 22 (62.8) 3 (4.8) ,0.001

Proteinuria 29 (29.9) 24 (68.6) 5 (8,1) ,0.001

Glomerular filtration rate mL?min-1 64 (39–101) 48 (17–65) 83 (49–105) ,0.001

Haemoglobinaemia g?dL-1 10.7 (8.3–13.2) 8.6 (7.5–11.1) 12.5 (10.0–14.2) ,0.001

White blood cell count 6103 mL-1 10.2 (7.5–15.2) 9.7 (7.4–13.1) 10.4 (7.5–16.5) 0.71

Platelet count 6103 mL-1 280 (199–394) 322 (247–422) 277 (183–353) 0.036

Data are presented as median (interquartile range) or n (%), unless otherwise stated. DAH: diffuse alveolar haemorrhage; BMI: body mass index; SAPS: Simplified Acute

Physiology Score; LOD: Logistic Organ Dysfunction; Pa,O2: arterial oxygen tension; FI,O2: inspiratory oxygen fraction. #: hypertension (n530), coronary heart disease

(n515), atrial fibrillation (n511), oblitering arteriopathy of the lower limbs (n56), stroke (n53); ": chronic obstructive pulmonary disease (n58), respiratory tract infection

(n58), miscellaneous (n54); +: time elapsed between the first symptom of DAH and hospital admission.
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Diffuse alveolar haemorrhage: factors
associated with in-hospital and long-term
mortality
N. de Prost*, A. Parrot*, C. Picard*, P-Y. Ancel#, C. Mayaud*,
M. Fartoukh* and J. Cadranel*

ABSTRACT: Diffuse alveolar haemorrhage (DAH) is a feature of several immune and nonimmune
disorders. Reported prognosis is poor, with in-hospital mortality ranging from 20% to 100%. Early
identification of prognostic factors may be useful in the initiation of appropriate treatment.

We retrospectively analysed the charts of all patients referred to a university hospital for DAH
between 1980 and 2008. Variables associated with in-hospital and long-term mortality were
determined using a logistic regression model and the Kaplan–Meier method, respectively.
Immunosuppressed patients were excluded.

Overall, 97 patients were included in the study. In-hospital mortality was 24.7%. Factors
associated with in-hospital mortality were shock (OR 77.5, 95% CI 8.9–677.2), glomerular filtration
rate ,60 mL?min-1 (OR 11.2, 95% CI 1.8–68.4) and plasmatic lactate dehydrogenase level more
than twice the normal value (OR 12.1, 95% CI 1.7–84.3). Mortality among discharged patients was
16.4% with a median follow-up duration of 34 months. Factors associated with increased long-
term mortality in univariate analysis were age over 60 yrs (p50.026), cardiovascular comorbidity
(p50.027) and end-stage renal failure with dependence on haemodialysis (p50.026).

Patients with immune and nonimmune DAH had similar outcomes. Early outcome depended on
nonpulmonary organ failures. Conversely, late outcome was related to age, cardiac comorbidities
and the need for haemodialysis.

KEYWORDS: Adult respiratory distress syndrome, haemoptysis, interstitial lung diseases,
pulmonary hypertension

D
iffuse alveolar haemorrhage (DAH) is a
feature of several immune and non-
immune disorders. The fundamental pro-

cess common to each of the DAH syndromes is
diffuse bleeding into the acinar portion of the
lung. It typically presents with haemoptysis,
anaemia and pulmonary infiltrates on chest
radiograph. Failure to diagnose and treat DAH
syndromes in their early stages may lead to acute
respiratory failure and death. Reported prognosis
is poor, with in-hospital mortality ranging from
20% to 100% [1–3]. Delay in initiating treatment
may lead to chronic renal failure when DAH is the
early manifestation of a systemic disease [4, 5].

Early identification of factors associated with a
poor outcome may be useful in selecting the
patients at highest risk to initiate appropriate
treatment. To our knowledge, no publications
currently address this question. Most published
series are limited and instead focus on immune

causes of DAH [4–6]. Long-term outcomes and
factors associated with mortality in patients with
DAH after discharge have not been studied. This
information may be important in decision making.

Therefore, we conducted a retrospective study in
a large cohort of consecutive patients hospitalised
for symptomatic DAH over a 29-yr period.
Immunocompetent individuals presenting with
a DAH of immune or nonimmune cause were
included. We sought to identify early predictors
of in-hospital mortality available within the first
24 h following hospital admission and factors
associated with long-term mortality in dis-
charged patients.

METHODS
Study design
A retrospective cohort study was performed in
the intensive care unit (ICU) and chest depart-
ment of an 800-bed tertiary hospital in France
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Tableau  2
Bilan paraclinique à réaliser devant une suscpicion de syndrome pneumo-rénal.

Bilan initial
ECBU avec recherche de cylindres hématiques
Protéinurie des 24 heures ou sur échantillon avec créatininurie
NFS, bilan martial

Bilan immunologique
ANCA
Ac anti-MBG
Ac anti-nucléaires ± anti-ADN natifs et anti-ECT/ENA
Cryoglobulinémie
Dosage du complément (C3, C4)
Facteur rhumatoïde
Électrophorèse des protéines sériques et dosage pondéral des Ig
Sérologie hépatite C

Diagnostic différentiel
Recherche de schizocytes
Haptoglobine, bilirubine, LDH
Ac  anti-phospholipides, anticoagulant circulant lupique, Ac anti-Scl70
Prélèvements bactériologiques (hémocultures, LBA)
Échographie cardiaque

Scanner thoracique sans injection

Fibroscopie bronchique avec LBA et score de Golde

Échographie rénale

Ponction-biopsie rénale en l’absence de contre-indication

Ac : anticorps ; ANCA : anticorps anti-cytoplasme des polynucléaires neutrophiles ;
MBG  : membrane basale glomérulaire ; ECT/ENA : antigènes nucléaires solubles ; Ig :
immunoglobulines ; LBA : lavage broncho-alvéolaire.

alvéolaires ou du verre dépoli, uni- ou bilatéral à prédominance
hilaire et centrale. Il peut par ailleurs apporter des éléments
orientant vers une polyangéite granulomateuse (anciennement
maladie de Wegener) [18]. La fibroscopie avec lavage broncho-
alvéolaire confirme le diagnostic par la présence d’un saignement
diffus avec lavage homogène, rosé ou franchement rouge, éli-
mine une cause localisée de saignement bronchique, permet la
recherche d’une infection et peut guider le diagnostic étiologique
(rare localisation endobronchique d’une polyangéite granuloma-
teuse). L’examen anatomo-pathologique n’est indispensable qu’en
cas de suspicion d’hémorragie occulte. Le pourcentage de sidéro-
phages (macrophages chargés de fer révélés par la coloration de
Perls) est alors supérieur à 20 % et le score de Golde (quantifiant la
charge en fer des macrophages) est habituellement supérieur à 100
[19]. Les sidérophages n’apparaissent que 72 heures après le début
de l’hémorragie intra-alvéolaire.

3.2. Glomérulonéphrite rapidement progressive

La glomérulonéphrite rapidement progressive se caractérise par
une insuffisance rénale aiguë d’aggravation rapide, une hématurie
microscopique et une protéinurie abondante [20]. La ponction-
biopsie rénale a un intérêt double : diagnostique et pronostique.
En l’absence de contre-indication, elle doit être réalisée dès que
possible, surtout si le diagnostic n’a pas pu être obtenu par
les bilans non invasifs ou si le syndrome semble réfractaire
aux traitements entrepris [2]. L’examen anatomo-pathologique
confirme le diagnostic de glomérulonéphrite extracapillaire.
L’immunofluorescence permet habituellement d’obtenir le dia-
gnostic étiologique même  lorsque le bilan immunologique est
négatif (Fig. 1).

3.3. Enquête étiologique

Devant toute suspicion de SPR, un examen clinique minutieux et
un bilan biologique (Tableau 3) permettent d’orienter le diagnostic
étiologique [1]. Dans les cas où le bilan immunologique n’a pas

Tableau 3
Traitement d’attaque du syndrome pneumo-rénal après diagnostic étiologique.

Vascularites associées
aux ANCA

Créat < 500 !mol/L CT + CYC ou rituximab
Créat > 500 !mol/L CT + EP + CYC

Syndrome de Goodpasture CT + CYC + EP
Lupus systémique CT + CYC + EP ± rituximab
Cryoglobulinémie mixte Rituximab + EP ± CT (+ antiviraux si hépatite C)

Créat : créatininémie ; CT : corticothérapie systémique ; EP : échanges plasmatiques ;
CYC : cyclophosphamide.

permis de trancher (10 à 30 % des vascularites associées aux ANCA
et des syndromes de Goodpasture), la ponction-biopsie rénale
permet d’établir le diagnostic étiologique et le pronostic rénal.

Reprenant une série de 76 patients non immunodéprimés pré-
sentant une hémorragie alvéolaire, un groupe franç ais a récemment
proposé un score clinico-biologique simple permettant d’en sus-
pecter l’étiologie immune [21]. Les éléments en sont : la durée des
symptômes respiratoires (> 11 jours), une asthénie ou une perte de
poids (> 5 %), des arthrites ou arthralgies, une protéinurie supé-
rieure à 1 g/L. Ce score recoupe en grande partie la démarche
diagnostique présentée ici et permettrait de débuter sans délai le
traitement à visée immunitaire.

4. Étiologies du syndrome pneumo-rénal

Elles figurent au Tableau 1.

4.1. Vascularites systémiques nécrosantes associées aux ANCA

Les vascularites liées aux ANCA sont un groupe hétérogène
de vascularites systémiques nécrosantes des vaisseaux de petit et
moyen calibre (classification de Chapel Hill) qui ont pour point
commun d’être associées avec une fréquence variable aux ANCA
[14]. Elles représentent la cause principale de SPR (60 à 70 %) [4].
Il s’agit de maladies rares puisque l’incidence annuelle des vas-
cularites avec atteinte rénale en Europe est de dix à 20 cas par
million d’habitants [20]. Les patients sont habituellement cauca-
siens et âgés de plus de 50 ans (avec un pic entre 65 et 75 ans).
Les SPR liés aux ANCA associent une capillarite pulmonaire et une
glomérulonéphrite extracapillaire pauci-immune. Chaque vascu-
larite a ses caractéristiques cliniques et histologiques propres. Les
poussées de la maladie sont habituellement précédées d’une phase
prodromale : altération de l’état général avec myalgies ou arthral-
gies.

4.1.1. Polyangéite microscopique
La polyangéite microscopique est le modèle du SPR lié aux ANCA

[22]. L’atteinte rénale est quasi constante, l’hémorragie alvéo-
laire s’y associe chez 25 à 80 % des patients [16,23]. Les autres
manifestations notables sont par ordre de fréquence décroissante :
vascularite cutanée (purpura vasculaire, ulcérations, nécroses cuta-
nées), mono-neuropathie multiple et manifestations digestives
(douleurs abdominales, perforations et hémorragies digestives).
Les manifestations ORL sont rares et aspécifiques. La maladie est
étroitement associée à la présence de p-ANCA dirigés contre la
myélopéroxydase, retrouvés chez 75 à 80 % des patients. Leur titre
est d’ailleurs corrélé à l’activité de la maladie [13]. La mortalité à
cinq ans est élevée, allant jusqu’à 30 % en cas d’hémorragie intra-
alvéolaire. Les rechutes concernent environ un tiers des patients en
rémission complète.

Des observations de SPR induit par les médicaments (D-
pénicillamine®, Propylthiouracyl®, Hydralazine®, Sulfasalazine®,
Allopurinol®) ont été associées à la présence d’ANCA anti-MPO à
titres élevés [24]. Le tableau clinico-biologique est dans ces cas
indiscernable des polyangéites microscopiques idiopathiques.
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blood products before RB in order to enhance
haemostasis.

RB result and impact

Sufficient material was available for light microscopy
analysis in all but one patient. In this patient no glomer-
ulus was observed but a diagnosis of ATN was retained
on medulla examination. In 6 (8 %) patients, no material
was left for immunofluorescent analysis. The number of
glomeruli per RB was 21 [12–28].

A flow chart of non-transplanted patients according to
pathology diagnosis following RB, impact on treatment
and outcome is displayed in Fig. 2: RB led to a specific
diagnosis other than ATN in 35 (51 %) patients and to a
treatment change (addition or removal) in 14 patients
(21 %).

In the nine transplanted patients, RB diagnosed
thrombotic microangiopathy in two patients, renal

rejection in three, ATN in three and unspecific lesions in
one, which led to the adjunction of steroids in one patient,
cyclophosphamide in one, plasma exchange in two, and
rituximab in one.

In the 68 non-transplanted patients, we analysed fac-
tors associated with the presence of a specific diagnosis
other than ATN at RB or with treatment modification.
The presence of clinical extra-renal signs (p = 0.03), the
absence of any ATN factors before RB (p = 0.01) and the
occurrence of AKI before hospital admission (p = 0.003)
were significantly associated with a specific diagnosis at
RB. The presence of proteinuria greater than 2 g/L and
any abnormal results on autoimmune/microangiopathic
screening were not statistically associated with any spe-
cific diagnosis although a trend was observed for the latter
(p = 0.08). Finally, the concomitant presence of the three
significant factors was associated with a specific diagnosis
on RB in 73 % of cases (p \ 0.0001). On the other hand,
when AKI occurred after hospital admission, only 8 % of
patients had a specific diagnosis. We did not identify any

68 non-transplanted
patients

12 (18%) 
patients with

ATN 

20 (29%) patients 
with unspecific 
renal lesions

1 patient 
without renal

lesions

14 (21%) patients with
treatment continuation

Steroids  n=11
Cyclophosphamide  n=4
Plasma exchange    n=6

3 (4%) patients with
treatment withdrawal

Steroids  n=2
Plasma exchange    n=1

35 (51%) patients with specific lesions 
other than ATN 

Thrombotic microangiopathy n=8
Vasculitis/crescentic glomerulopathy   n=10
Acute glomerulonephritis* n=7
End stage renal disease n=4 
Amyloidosis n=1
Myeloma cast nephropathy n=1
Diabetic glomerulopathy n=2
Acute interstitial nephritis                     n=2 

11 (16%) patients with
treatment adjunction

Steroids  n=8
Cyclophosphamide  n=6
Plasma exchange    n=3
Rituximab n=1

ICU outcome
30 (86%) patients alive

16 (46%) patients alive and free of RRT

ICU outcome
23 (70%) patients alive

14 (42%) patients alive and free of RRT

* including post-infectious glomerulonephritis (n=5) and endocapillary proliferative IgA nephropathy (n=2)

Fig. 2 Flow chart of the non-transplanted patients following the pathology diagnosis after the RB and impact on specific treatment and
outcome (ATN acute tubular necrosis, ICU intensive care unit, RRT renal replacement therapy)
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Abstract Purpose: Renal biopsy
(RB) is occasionally performed in
critically ill patients. The safety and
impact of RB in this setting have not
been reported. Methods: A 10-year

(2000–2009) retrospective multicen-
tre study was conducted in ten French
intensive care units (ICU) on patients
who underwent RB during their
management. Medical files were
retrieved for data analysis.
Results: Seventy-seven patients
underwent an RB of which 68
(88 %) were on a native kidney and
9 (12 %) on a transplanted kidney.
Percutaneous ultrasound-guided RB
was used in most cases (87 %).
Fifty-seven per cent of the patients
were on mechanical ventilation at
the time of RB. RB-related compli-
cations occurred in 17 (22 %)
patients, two were graded as severe
(requirement for kidney emboliza-
tion, eventually successful). In 35
(51 %) non-transplanted patients,
RB established a specific diagnosis
other than acute tubular necrosis
(ATN), which was diagnosed in
only 18 % of patients. In the
remaining patients, only non-specific
lesions were observed. Therapeutic
modifications followed RB in 14
(21 %) non-transplanted patients.
Presence of signs of systemic dis-
ease involving the renal tract,
occurrence of renal failure before
hospital admission, and absence of
any factor usually associated with
ATN significantly predicted the
presence of a specific diagnosis at
RB other than ATN.
Conclusions: In this cohort, the
contribution of RB to diagnosis and
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Adverse	
  events	
  
ICM 
N=77 

Minerva 
N=56 

Any adverse Event 
  Hemorragic shock /embolization 
  Intermediate (2-4 red cell packs) 
  Minor  
Death 

22%  
2 
9 
6 
0 

12,5% 
2 
7 
NE 
1 

had been made. Extra-renal clinical manifestations poten-
tially evoking a systemic disease were present in 42 % of
patients at ICU admission (Table 2). Proteinuria, autoanti-
bodies, complement components (C3 and C4) and serum
monoclonal gammopathy were screened in a large propor-
tion of patients. No patients had urinary sediment analysis.

RB procedure

The median time from admission to RB was 6
[3–11] days. On the day of RB, median SAPS II and
SOFA scores were 41 [31–50] and 7 [5–8], respectively;
ongoing RRT, mechanical ventilation, and vasopressors
use were observed in 52 (68 %), 44 (57 %) and 10 (13 %)
patients, respectively. Trained nephrologists or radiolo-
gists performed RB. Percutaneous biopsy was performed
under ultrasound guidance in 67 (87 %) patients, under
CT scan in 5 (7 %) patients. A surgical and transjugular
RB were used in 4 (5 %) and 1 (1 %) patients, respec-
tively. A complication occurred in 17 (22 %) patients:
severe complications in two patients who needed arterial
embolization that succeeded in stopping the haemorrhage;
intermediate and minor complications in 9 (12 %) and 6
(8 %) patients respectively. Patients with minor compli-
cations received a mean number of 1.8 (1–2) red blood
cell bags within the 24 h following RB and patients with
intermediate complications received a mean number of
2.7 (0–5) and 4 (3–5) red blood cell bags within 24 h and
4 days, respectively.

In the 68 patients with native kidney RB, platelet
count was significantly associated with RB complications
(Fig. 1). A trend toward statistical significance (p = 0.07)
was observed between haemoglobin concentration below
10 g/dL and RB complications. PT ratio was not associ-
ated with RB complications. Of note, no patient received

Table 1 Characteristics and outcome of the 77 patients (including
9 with renal transplant)

Parameters Median [25–75]
(range) or n (%)

Age, years 62.3 [46–73] (16–82)
Male 44 (57 %)
Previous chronic renal disease 13 (17 %)
Severity scores at ICU admission
SAPS II 42 [34–54] (15–85)
SOFA 7 [6–10] (2–16)

Organ involvement at ICU admission
Shock 8 (10 %)
Respiratory 36 (47 %)
AKI 55 (71 %)
Neurologic 21 (27 %)
Malignant hypertension 5 (7 %)

Organ support at any time of ICU stay
Mechanical ventilation 54 (70 %)
Renal replacement therapy 59 (77 %)
Use of vasopressors 29 (38 %)

ICU length of stay, days 20 [9–38] (2–377)
ICU mortality rate 17 (22 %)
RRT requirement at ICU discharge 33 (55 %)a

SAPSII simplified acute physiology score, SOFA sequential organ
failure assessment, ICU intensive care unit, AKI acute kidney
injury, RRT renal replacement therapy
a Among patients discharged alive

Table 2 Acute renal failure diagnostic assessment

Parameters n (%)

ATN factors at any time before
RB/before AKI onset

52 (68 %)/24 (31 %)

Sepsis 27 (35 %)/8 (10 %)
Shock 19 (25 %)/7 (9 %)
Cardiac failure 5 (6 %)/2 (3 %)
Iodine contrast media injection 13 (17 %)/8 (10 %)
Rhabdomyolysis 4 (5 %)/2(3 %)
Nephrotoxic medication other

than contrast media
24 (31 %)/14 (18 %)

Extra-renal signs at clinical presentation 32 (42 %)
Intra-alveolar haemorrhage 12 (16 %)
Skin 10 (13 %)
Articular 5 (6 %)
Neurologic 11 (14 %)

Biological investigations (n abnormal results/n measured)
Hypereosinophilia 4/77 (5 %)
Proteinuria [2 g/L 32/60 (53 %)
Immune/microangiopathic screen 42/69 (61 %)
Antinuclear antibodies [1/200 22/59 (37 %)
Anti-ds-DNA antibodies 1/43 (2 %)
Anti-neutrophil cytoplasm antibody screen 10/55 (18 %)
Anti-proteinase-3/myeloperoxidase/
atypical

3/4/3

Anti-glomerular-basement membrane
antibody

3/39 (7.7 %)

Decreased C3 and/or C4 14/45 (31.1 %)
Presence of serum cryoglobulin 4/23 (17.4 %)
Blood monoclonal gammopathy on
electrophoresis

7/45 (15.5 %)

Haptoglobin decrease \0.03 g/L 15/46 (32.6 %)
Schistocytes [1 % of circulating
blood cells

12/43 (27.9 %)

ATN acute tubular necrosis, AKI acute kidney injury
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Fig. 1 Percentage of non-transplanted patients with any RB
complication according to platelet count at the time of RB
procedure. n indicates the number of patients at risk per group.
p is for overall statistical significance



May	
  be	
  performed	
  if	
  	
  

Symptoms	
  sugges;ng	
  of	
  systemic	
  disease	
  (arthri5s…)	
  	
  	
  	
  	
  p	
  =	
  0.03	
  
No	
  AKI	
  factors	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  p	
  =	
  0.01	
  
Abnormal	
  autoimmune	
  /	
  microangiopathic	
  screening	
  	
  	
  	
  	
  p	
  =	
  0.08	
  
	
  
	
  

Should	
  not	
  be	
  performed	
  if	
  	
  

Alternate	
  diagnos;c	
  strategies	
  
AKI	
  factors	
  
Low	
  platelet	
  count	
  (<	
  200	
  G/L	
  ?)	
  
	
  

Hospital	
  Acquired	
  AKI 	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  p	
  <	
  0.001	
  
	
  

Intensive	
  Care	
  Med.	
  2012	
  Nov;38(11):1826-­‐33	
  



Diagnostic étiologique 
Syndrome de Goodpasture 

•  Homme jeune, caucasien, entre 20 et 30 ans 
•  0,5-1 cas/million d’habitant 
•  Exposition : tabac, hydrocarbures (Decapfour®) 
•  SPR « nu » 
•  Anticorps anti-MBG 
•  GN extra-capillaire avec dépôts linéaires 



Diagnostic étiologique 
Vascularites à ANCA   

•  10 à 20 cas par million d’habitants  
•  Caucasiens, > 50 ans 
•  MPA > Wegener >> Churg et Strauss 
•  ANCA anti-MPO > anti-Pr3, négatifs chez 5 à 20% des patients 
•  Signes extra-pneumorénaux : 

–  AEG 
–  Signes musculo-squelettiques 
–  ORL (Wegener) 
–  Ophtalmiques (sclérite/épisclérite) 
–  Mononeuropathie multiple 
–  Lésions cutanés 
–  Nodules pulmonaires nécrotiques (Wegener) 
–  Perforation digestive 

•  PBR = GN extra-capillaire pauci-immune 





SPR à complexes immuns :  
Lupus systémique 

•  Femme en âge de procréer 
•  Exceptionnel (<2% des patients) 
•  Signes cutanéo-articulaires, photosensibilité, 

sérites, cytopénies auto-immunes. 
•  Diagnostic différentiel : CAPS, PTT 
•  Ac anti-nucléaires, Anti-ADN, Complément 
•  PBR = GN extra-capillaire à dépôts granuleux 



SPR à complexes immuns   

•  Cryoglobulinémie mixte 
– VHC > Sjögren/syndrome lymphoprolifératif 
– GN extra-capillaire + membrano-proliférative 

•  Néphropathie à IgA, purpura rhumatoïde 
– Dépôts granuleux d’IgA 
– Chevauchement avec vascularite à ANCA ? 

•  Infections chroniques (dérivations) 
•  Endocardite d’Osler (+/- ANCA) 



Traitement étiologique : Triade 

•  Corticoïdes 
–  3 à 5 bolus 500-1000mg/j 
–  Puis 1mg/kg/jour 

•  Cyclophosphamide 
–  15mg/kg J1-J15-J30 
– Adaptation à la fonction rénale ? 
– Per os dans le Goodpasture ? 

•  Echanges plasmatiques 



Echanges plasmatiques 
•  Vascularites à ANCA 

–  Pronostic rénal (créat > 500µmol/l) 
–  60ml/kg, 7 échanges en 14 jours 

•  Syndrome de Goodpasture 
–  Systématique 
–  50ml/kg 
–  Quotidien 
–  14 jours ou jusqu’à négativation des anti-MBG 

•  Traitement des formes graves de LS et de cryoglobulinémie 
•  Risque hémorragique => PFC en fin de séance (300-600ml) 
•  Avant cyclophosphamide ou rituximab 



Goodpasture	
  



Place du Rituximab  

•  En 1ère intention dans les cryoglobulinémies 
mixtes 

•  Vascularites à ANCA, équivalent au 
cyclophosphamide per os mais non validé en 
cas de : 
– Hémorragie alvéolaire requérant VM 
– Créatininémie > 354µmol/l 

•  Formes réfractaires de Goodpasture  



Vascularites associées aux ANCA 

créat < 500 µmol/l 
+ HA modérée CT + CYC ou Rituximab 

créat > 500 µmol/l 
Ou HA sévere CT + EP + CYC  

Syndrome de Goodpasture CT + CYC + EP 

Lupus systémique CT + CYC + EP  

Cryoglobulinémie mixte Rituximab + EP +/- CT (+ antiviraux si hépatite C) 

En résumé 


