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Questions 
DAH: what is it? 

Aetiology: what causes it?

Investigations: How to identify the cause?

Treatment: what are the evidences? 

What does the future hold? 



Diffuse alveolar haemorrhage

A distinct form of pulmonary haemorrhage that originates from the pulmonary 
circulation- arterioles, venules and capillaries 

One of 3 pathological forms can be observed 

Pulmonary capilleritis

Bland pulmonary haemorrhage

Diffuse alveolar damage 

A large number of diseases can manifest as DAH 

Collard HR, Schwarz MI. Diffuse alveolar hemorrhage. Clinics in Chest Medicine. 2004 Sep;25(3):583–92.



Clinical classification 

Diffuse alveolar 
haemorrhage

Immune-mediated: 
vasculitis and CTD 

congestive heart failure 
associated 

Miscellaneous: infection, 
trauma, clotting disorder, 

malignancy, HSCT 
recipients 

Idiopathic  



Pathological classification 

Pulmonary capillaritis 

• Neutrophilic infiltration of 
alveolar septae 

• Necrosis of septae 
• Loss of capillary integrity 
• Spillage of RBC in alveoli 

and interstitium 

Bland pulmonary 
haemorrhage 

• Haemorrhage into the 
alveolar spaces without 

inflammation/destruction 
of alveolar structures 

Diffuse alveolar damage 

• ARDS due to any cause can 
lead to haemorrhage into 

the aveolar spaces 
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Pulmonary capillaritis 

• Neutrophilic infiltration of 
alveolar septae 

• Necrosis of septae 
• Loss of capillary integrity 
• Spillage of RBC in alveoli 

and interstitium 

Bland pulmonary 
haemorrhage 

• Haemorrhage into the 
alveolar spaces without 

inflammation/destruction 
of alveolar structures 

Diffuse alveolar damage 

• ARDS due to any cause can 
lead to haemorrhage into 

the aveolar spaces 

Causes: 

1. Systemic vasculitides: GPA, Henoch-Schonlein 
purpura, IgA nephropathy, MPA, pauci-immune 
glomerulonephritis 

2. Rheumatic diseases: MCTD, anti-GBM disease, isolated 
pulmonary capillaritis, APLA, polymyositis, RA, SLE, 
Systemic sclerosis 

3. Drugs: carbimazole, differentiation syndrome, 
diphenylhydantoin, hydralazine, PTU, TNF-alpha-I 

4. Other: HSCT, IE, leptospirosis, UC, lung transplant 
rejection 
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Causes: 

1. CTD- SLE, anti-GBM disease
2. Drugs- anticoagulants, platelet GPIIB-IIIA 

inhibitors 
3. Others- IPH, ITP/TTP/HUS, leptospirosis, MS, 

promyelocytic lekaemia 



Pulmonary capillaritis 

• Neutrophilic infiltration of 
alveolar septae 

• Necrosis of septae 
• Loss of capillary integrity 
• Spillage of RBC in alveoli 

and interstitium 

Bland pulmonary 
haemorrhage 

• Haemorrhage into the 
alveolar spaces without 

inflammation/destruction 
of alveolar structures 

Diffuse alveolar damage 

• ARDS due to any cause can 
lead to haemorrhage into 

the aveolar spaces 



Pulmonary capillaritis 

• Neutrophilic infiltration of 
alveolar septae 

• Necrosis of septae 
• Loss of capillary integrity 
• Spillage of RBC in alveoli 

and interstitium 

Bland pulmonary 
haemorrhage 

• Haemorrhage into the 
alveolar spaces without 

inflammation/destruction 
of alveolar structures 

Diffuse alveolar damage 

• ARDS due to any cause can 
lead to haemorrhage into 

the aveolar spaces 

Causes: 

1. infections- any infection causing ARDS 
2. Rheumatic diseases- SLE, PM 
3. Drugs- amiodarone, nitrofurantoin, 

penicillamine, amphetamine, cytotoxic drugs, 
crack cocaine 

4. Others- AIP, radiation, pulmonary infarction; 
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2. Search for aetiology  
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Search for aetiology
1. History- exposure to 

drugs/toxins/infections, features of 
CTD/vasculitides  

2. Exclusion of radiographic mimics- 
pulmonary oedema, viral pneumonia 

3. ANCA, anti-dsDNA, anti-cardiolipin 
ab/Lupus anticoagulant, anti-GBM ab, 
antitransglutaminase or antiendomysial IgA 

4. RFT, urinanalysis 
5. Screening for toxins   

Confirmation of DAH
1. clinical: Hb fall without other 

cause, haemoptysis, B/L opacity 
(focal/diffuse) on CXR/CT

2. Sequential BAL demonstrating 
progressively bloody return  

3. Microscopy showing 
haemosiderin laden 
macrophages 
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IMMEDIATELY 
SEND 

ANA,ANCA profile 
Anti-GBM ab 

Urine RME for 
active sediments 

START treatment 
urgently without 

waiting for reports 
when alternate 

diagnoses unlikely 

CLASSIC TETRAD TO SUSPECT DAH

1. CLINICAL: acute onset cough, dyspnea, 
haemoptysis with or without the 

background of a consistent disease 
2. RADIOLOGICAL: new onset B/L alveolar 

opacities on radiology 
3. LABORATORY: Hb drop without any 

haemolysis/other explanation 
4. BAL/TBLB showing increasingly bloody 

return on sequential lavage and >20% 
Haemosiderin laden macrophage 
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Radiological spectrum 

Bilateral ground glass opacity 
Inter and intralobular septal 
thickening 
Crazy paving pattern 

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anrò. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16–28.



Radiological spectrum 

Diffuse ground glass opacity Fluffy alveolar opacity B/L consolidation 

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anrò. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16–28.



Radiological spectrum 

B/L ill-defined nodular opacity 
Surrounding GGO

Cortese G, R. Nicali, Placido R, G. Gariazzo, P. Anrò. Radiological aspects of diffuse alveolar haemorrhage. La radiologia medica. 2008 Feb 1;113(1):16–28.
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Rule out radiological DAH mimics 

PCP
COVID 19

Pulmonary oedema

H1N1

Pulmonary oedema

NSIP

PCP

DAH



Rule out radiological DAH mimics 

Viral pneumonia/PCP/other infections- nasopharyngeal swab RTPCR+ 
microbiological evaluation of BAL fluids 

Acute exacerbation of ILD/eosinophilic lung disease- from history, BAL fluid, in 
addition to ancillary investigations such as DLC, HP panel, Myositis panel, CTD 
markers 

Pulmonary oedema- BNP, 2D echocardiography

However, when strong suspicion is present, prompt treatment initiation is mandatory 
without waiting for reports of investigations  



Treatment  

Supportive care 

Specific 
management 



Supportive 
management 

Supplemental oxygenation 

Invasive mechanical ventilation 

Extra-corporeal membrane oxygenation 

Stoppage of any offending drug/agent 



Invasive mechanical ventilation 

In DAH, lungs behave like in ARDS (baby lungs/stiff lungs) 

Lung protective ventilation strategy is undertaken 

Low tidal volume (4-8 mL/Kg of PBW) 

Titration of PEEP in accordance to ARDS-NET protocol 

Avoiding barotrauma by keeping Plateau pressure below 30 cmH20 and RR<35/min 

pH goal- 7.30-7.-40 (permissive hypercapnia up to 7.20) 

Target SpO2- 88-95%/ PO2 55-80 mmHg 



What if MV fails 

When despite best efforts invasive mechanical ventilation fails to maintain 
oxygenation or damage to lung is imminent 

Extracorporeal membrane oxygenation (ECMO) may be used as a rescue method 

No RCT has been conducted to compare efficacy of ECMO with that of IMV 

Case reports, case series, retrospective cohort studies form the basis of use of ECMO 
in this situation 



A 2021 systematic review examined 32 articles describing 38 patients requiring 
ECMO for DAH

about 21% patients had GPA, 21% had SLE, 10% each had anti-GBM ab disease 
and MPA

About 23% underwent BAL and a chest imaging for diagnosis of DAH 

42% of the patients additionally received CYC, 18.4% receive RTX and 90% 
received steroids in some form 

Reddy HG, Maynes EJ, Saxena A, Austin MA, O’Malley TJ, Gadda MN, et al. Utilization of extracorporeal life support for diffuse alveolar damage and 
diffuse alveolar hemorrhage: A systematic review. Artificial Organs. 2020 Nov 15



Significant improvement in PaO2 
and PF ratio was observed 

• Survival to decannulation 
was >94% 

• Survival after 1.9 months 
was >89% 

• 21% patients had 
recurrence of 
haemorrhage, 62% of 
them had DAH again

• Circuit thrombosis was 
found in 10% patients 

• 44% developed renal 
failure requiring dialysis 

73% patients were put on VV-ECMO



Significant improvement in PaO2 
and PF ratio was observed 

73% patients were put on VV-ECMO

• Survival to decannulation 
was >94% 

• Survival after 1.9 months 
was >89% 

• 21% patients had 
recurrence of 
haemorrhage, 62% of 
them had DAH again

• Circuit thrombosis was 
found in 10% patients 

• 44% developed renal 
failure requiring dialysis 

ECMO seems an effective rescue measure in patients of DAH who can not be managed on MV 
RCTs comparing MV and ECMO in this matter are required for assessment of relative safety and efficacy 

COST of ECMO and the SKILL-SETS and manpower required are major issues in its use 



Specific 
management 

DAH with pulmonary capillaritis is 
managed with immunosuppression 

There is no data specific for DAH 
management from RCTs 

Base of evidence extrapolated from 
trials on management of AAVs 



DAH due to pulmonary capillaritis

30-40% of DAH is caused by autoimmune diseases

80% is caused by AAV and 20% by SLE and anti-GBM 
disease 

The first-year mortality ranges from 15-50% in these patients 

Accounts for almost 12% of ICU admission in patients with 
autoimmune diseases 

Haworth SJ, Savage CO, Carr D, Hughes JM, Rees AJ. Pulmonary haemorrhage complicating Wegener’s granulomatosis and microscopic polyarteritis. Br Med 
J (Clin Res Ed) 1985;290:1775–1778.



Predictors of respiratory failure

A retrospective observational study conducted on 73 adult patients with AAV (GPA 
and MPA) identified that higher BVAS/WG score, raised BAL neutrophils and 
elevated CRP levels were associated with severe respiratory failure 

45% of the patients had active renal involvement, 56% of them required ICU care 
and 11% died  

This study did not include subjects <18 years of age, those with capillaritis due to 
anti-GBM disease or SLE, and the subjects were predominantly male and all were of 
white ethnicity 

Cartin-Ceba R, Diaz-Caballero L, Al-Qadi MO, Tryfon S, Fervenza FC, Ytterberg SR, et al. Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic 
Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes. Arthritis & Rheumatology. 2016 May 26;68(6):1467–76.



Outline of management of DAH in capillaritis

Methyl prednisolone pulse therapy (500-1000 mg IV for 5 days) 
followed by oral corticosteroid

Additional immunosuppression- Cyclophosphamide and Rituximab 

Plasma exchange therapy- in patients with severe organ threatening 
disease (mostly severe renal involvement) 

Beneficial role of plasma exchange has not been established by RCTs



PULSE STEROID
Mechanism of action: non-genomic pathway (through binding of cytosolic/membrane-bound 
glucocorticoid receptors and subsequent utilisation of phoshoinositide-3-kinase, AKT, MAPK 
to exert various effects and in addition release of proteins to take part in secondary signalling 
cascade 

Does not require protein synthesis for action and hence the rapid onset of action 

First used in 1969 for treatment of renal allograft rejection 

First clinical trial on lupus nephritis patients with rapidly progressive renal failure(n-7) in 1976 
established its efficacy 

Has since been used in various auto-immune disease for control of aggressive disease 
progression successfully

Cathcart Edgar S, Scheinberg Morton A, Idelson Beldon A, Couser William G. BENEFICIAL EFFECTS OF METHYLPREDNISOLONE “PULSE” THERAPY IN DIFFUSE 
PROLIFERATIVE LUPUS NEPHRITIS. The Lancet. 1976 Jan;307(7952):163–6.





Disease Severity New/relapse/re
fractory 

Induction Alternatives Maintenance Alternatives 

GPA/MPA Organ-
threatening 

New GC+RTX/CYC RTX/CYC+AV
ACOPAN 

RTX (24-48 
months or 
longer) 

MTX/AZA 

Relapse GC+RTX>CYC RTX MTX/AZA 

Refractory Revisit 
comorbidities+u
se other options 

Non-organ-
threatening 

Any GC+RTX GC+MTX/MM
F

RTX MTX/AZA 

EULAR recommendations for the management of ANCA- associated vasculitis: 2022 update

Hellmich B, Sanchez-Alamo B, Schirmer JH, Berti A, Blockmans D, Cid MC, et al. EULAR recommendations for the management of ANCA-associated 
vasculitis: 2022 update. Annals of the Rheumatic Diseases [Internet]. 2023 Mar 16







➢ Need for a new score: BVAS 2 had redundant/uncommon 
parameters 

➢ BVAS 1 disregarded importance of persistent disease (ignored 
BVAS 2) 

➢ 313 patients of diagnosed vasculitis included in the study 

➢ BVAS 3 showed good correlation with BVAS 2, good reliability 
(low inter-observer variability), good correlation with disease 
activity (CRP, physicians’ global assessment, five-point Likert scale) 
and a good sensitivity to response to treatment 

➢ Scores may range from 0-33 for stable disease and 0-63 for 
new/worsening disease 

Mukhtyar C, Lee R, Brown D, Carruthers D, Dasgupta B, Dubey S, et al. Modification and validation of the Birmingham 
Vasculitis Activity Score (version 3). Ann Rheum Dis. 2009;68(12):1827-32.



Study Aims Participants End points Results Comments 

RITUX vs CYC 
for remission 
induction in 
GPA and MPA 
(2010)
RAVE trial  

To compare 
RTX with CYC 
for remission 
induction (both 
group had GC 
pulse+continuat
ion) 

197 patients 
with MPA 
and GPA, 
both newly 
diagnosed 
and relapsing 
disease 

Primary: successful 
completion of 
prednisolone taper at 6 
months and BVAS/WG 
score-0 (at 6 months)
Secondary: disease flare, 
BVAS/WG-0 with steroid 
<10 mg, adverse events, 
SF-36 scores 

RTX was non-inferior to CYC 
overall (11% difference, <20% 
non-inferiority margin) 
RTX was superior to CYC in 
relapsing disease 

28% of patients in each group had 
DAH and they did not have a 
clinically significant difference in 
reaching primary end-point (P-
0.48); 
RTX group patients had more 
severe renal involvement at 
baseline, w/o any difference in 
reaching the primary outcome 

RTX vs CYC 
for remission 
induction in 
renal vasculitis 
(2010)
RITUXVAS 
trial 

To compare 
efficacy and 
safety of  
RTX+CYC (2 
doses) with 
CYC f/b 
Azathioprine 
maintenance; 
(both groups 
initially received 
GC 
pulse/PLEX)  

44 patients 
with ANCA 
vasculitis and 
renal 
involvement 
at 
presentation 

Primary: rate of remission 
at 12 months, rate of 
serious adverse events (also 
death) 
Secondary: time to achieve 
remission, BVAS between 
0-3 months, change in 
GFR,SF-36, VDI between 
0-12 months 

RTX+CYC was non-inferior 
to CYC in achieving 
remission at 12 months (93% 
vs 90%). 
Serious adverse events were 
comparable between two 
groups (1 per P-Y vs 1.10 per P-
Y).
VDI and SF-36 were not 
significantly different between 
two groups.  
Rate of improvement in GFR 
was slightly better with RTX
(all analysis in ITT 
population) 

Unblinded study with small 
number of subjects from 8 
different institutions. 
Did not find RTX based regimen 
superior to conventional CYC 
regimen. 
Did not find increased risk of 
infection among RTX-based 
group. 
CYC was also not found to be 
superior to RTX in vasculitides 
with renal impairment at 
presentation. 
*RTX group did not have any 
maintenance therapy, CYC group 
received AZA 



Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis. New 
England Journal of Medicine. 2013 Aug;369(5):417–27.

• 197 patients of AAV (GPA or MPA) were randomly 
assigned to either get RTX or CYC f/b azathioprine 

• They were followed up and assessed at 6, 12 and 18 
months from treatment onset 

• The primary outcome was remission and how long it 
was sustained (as per BVAS/WG score)  

In 2013 data from a randomized controlled trial 
comparing efficacy and safety profile of  RTX with CYC 
f/b AZA maintenance for ANCA associated vasculitis 
was published 
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Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of Remission-Induction Regimens for ANCA-Associated Vasculitis. New 
England Journal of Medicine. 2013 Aug;369(5):417–27.

• 197 patients of AAV (GPA or MPA) were randomly 
assigned to either get RTX or CYC f/b azathioprine 

• They were followed up and assessed at 6, 12 and 18 
months from treatment onset 

• The primary outcome was remission and how long it 
was sustained (as per BVAS/WG score)  

In 2013 data from a randomized controlled trial 
comparing efficacy and safety profile of  RTX with CYC 
f/b AZA maintenance for ANCA associated vasculitis 
was published 

• In the total patient population (new+relapsed) RTX was non-inferior to 
CYC for achieving and maintaining remission. 

• In patients with relapsing disease at baseline, RTX crossed superiority 
margin, and patients on RTX treatment achieved more sustained release 
at 6, 12 but not at18 months. 

• In patients with severe renal disease at baseline, CYC did not prove to be 
superior to RTX

• There was no significant difference between the two groups in terms of 
grade 3 or 4 AEs (except leukopenia, more commonly in CYC group)



On the basis of the above studies, recommendations were made 

For a newly diagnosed case, CYC and RTX were equally effective along with GC. 

But for a relapsing disease, RTX showed better remission rates (although small 
difference) 

The long-standing assumption that CYC was better for patients with poorer baseline 
renal status was not supported by evidence 

The risk of infection due to B-cell depletion by RTX was also not proven 



A single centre retrospective study published in 2015 examined records of patients 
(n=73) treated for diffuse alveolar haemorrhage (a/w pulmonary capillaritis) with or 
without plasma exchange, in conjunction with either Rituximab or 
Cyclophosphamide 

The study found no difference in remission rate and long-term survival between 
patients treated with and without plasma exchange 

There was no difference in hospital mortality, length of hospital/ICU stay, need of 
MV and long-time survival among patients treated with Rituximab or 
Cyclophosphamide.  

However, after adjusting for PE and propensity to undergo PE, the patients treated 
with Rituximab had higher odds of achieving remission at 6 months (OR 6.45, CI-
1.78-29, P=0.003) 

Cartin-Ceba R, Diaz-Caballero L, Al-Qadi MO, Tryfon S, Fervenza FC, Ytterberg SR, et al. Diffuse Alveolar Hemorrhage Secondary to Antineutrophil Cytoplasmic 
Antibody-Associated Vasculitis: Predictors of Respiratory Failure and Clinical Outcomes. Arthritis & Rheumatology. 2016 May 26;68(6):1467–76.





Clearly mentioned the number of patients requiring mechanical ventilation 

Confirmed all cases of DAH with bronchoscopy 

This study was a retrospective cohort study from a single centre

Sample size too small to draw conclusion on long-term survival/mortality 

Involved more patients with GPA than MPA 

There was a bias in choosing plasma exchange for sicker patients 

Collection of data was not uniform 



Others studies conducted thus far suffered from paucity of subjects, inconsistencies in defining DAH or establishing its 
diagnosis. 



PLEX or no PLEX? 
The rationale behind PLEX has been that it can readily remove the antibodies causing the capillaritis and 
prevent adverse outcomes 



• PEXIVAS trial was an open-label randomized 
clinical trial among >700 patients with severe 
ANCA-associated vasculitis 

• Aim was to compare rates of  death/ESKD in 
severe ANCA-associated vasculitis treated with 
plasma exchange therapy or no plasma exchange 
therapy in addition to standard 
immunosuppression. 

• They additionally compared a low dose 
glucocorticoid regimen with the standard 
glucocorticoid regimen to see whether lower dose 
GC was non-inferior to standard dose with fewer 
side effects 

• The patients were followed up for 1 year from 
randomization 

2X2 factorial design
Patients received one of the following regimen 
1. Pulse GC f/b RTX or CYC with Plasma exchange 

f/b systemic GC at 1mg/Kg 
2. Pulse GC f/b RTX or CYC without Plasma 

exchange f/b Systemic GC  at 1 mg/Kg 
3. Pulse GC f/b RTX or CYC with Plasma exchange 

f/b systemic GC at 50% of standard dose 
4. Pulse GC f/b RTX or CYC without Plasma 

exchange f/b systemic GC at 50% of standard dose 

Patients followed up for the next 12 months with BVAS, SF-36, evidence of development of ESKD/death and severe 
adverse events 







Primary outcome- 
Composite death-ESKD 

Secondary outcomes- 
• Any-cause mortality 
• Sustained remission
• Serious AE, infection 
• Health related QOL   

Crossovers were allowed in 
the study but was infrequent 

INCLUSION CRITERIA 

1. Clinically diagnosed new or relapsing GPA/MPA 
cases AND

2. Positive ANCA report (MPO or PR3) AND 
3. Severe vasculitis- Renal involvement (renal biopsy 

showing FNGN/RME + eGFR<50)  OR alveolar 
haemorrhage 

4. Consenting adults 

EXCLUSION CRITERIA 

1. Age <15 years (at some centres <18)
2. Vasculitis other than GPA/MPA and anti-GBM 

disease  
3. Undergone RRT >21 days / renal transplant
4. Pregnant 
5. In past 28 days received GC/RTX/CYC 
6. Received PLEX in past 3 months 
7. Any comorbidity that is C/I for PLEX/CYC/RTX 











Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated 
Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622–31.



Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated 
Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622–31.



Walsh M, Merkel PA, Peh CA, Szpirt WM, Puéchal X, Fujimoto S, et al. Plasma Exchange and Glucocorticoids in Severe ANCA-Associated 
Vasculitis. New England Journal of Medicine. 2020 Feb 13;382(7):622–31.

• There was no significant difference in development of ESKD/death among 
patients treated with or without PLEX

• Serious side effects also did not differ significantly between two groups 
• Patients with DAH who underwent PLEX did not show significantly different 

outcome  







Serious adverse 
events were not 

significantly 
different among 

groups 

Rate of serious 
infections were 
less in reduced 
dose GC group

Lower dose GC was 
non-inferior to standard 
dose GC in achieving 

and maintaining 
remission 
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Lower dose GC was 
non-inferior to standard 
dose GC in achieving 

and maintaining 
remission 

Serious adverse 
events were not 

significantly 
different among 

groups 
Rate of serious 
infections were 
less in reduced 
dose GC group



It was the first large RCT to include DAH patient requiring Mechanical ventilation 

Showed that PLEX did not provide an added benefit in patients with DAH 

Reduced dose GC would be as effective as standard dose with lower risk of serious 
infection 

Open label study, allowed cross-over (very insignificant number) 

CI was broad for some of the parameters 



It was the first large RCT to include DAH patient requiring Mechanical ventilation 

Showed that PLEX did not provide an added benefit in patients with DAH 

Reduced dose GC would be as effective as standard dose with lower risk of serious 
infection 

Open label study, allowed cross-over (very insignificant number) 

CI was broad for some of the parameters 

Offered results contradicting few preceding studies that showed benefit with PLEX 



A cohort analysis of PEXIVAS trial showed similar results in 
DAH patients treated with or without PLEX 

Fussner LA, Luis Felipe Flores-Suárez, Cartin-Ceba R, Specks U, P. Gerard Cox, David, et al. Alveolar Hemorrhage in ANCA-associated Vasculitis: Results of an 
International, Randomized, Controlled Trial (PEXIVAS). American journal of respiratory and critical care medicine. 2024 Feb 12







Some numerical differences in deaths at 3 months and 1 year between PLEX and no-
PLEX group: significance unknown  

Some increase in death at 1 year among the reduced GC dose 

Fewer ventilator free days in patients treated with standard GC

No difference in ESKD/death, infection risk or QOL between PLEX and no-PLEX



For maintenance of remission: AZA or RTX?

CYCAZAREM study in 2003 randomized patients with ANCA associated vasculitis 
to receive CYC (oral, 1.5 mg/Kg/D) (N-73) or AZA (oral, 2 mg/Kg/D) (N-71) after 
they achieved remission with CYC pulse and GC 

All patients received GC maintenance and was followed up over 18 months 

Relapse occurred in 15.5% patients in AZA group and 13.7% in CYC group (P-0.65)

Rate of serious adverse events were similar between the two groups  

This RCT established that AZA is a safe and effective alternative to CYC in 
maintaining remission among patients with AAV 

Jayne D, Rasmussen N, Andrassy K, Bacon P, Tervaert JWC, Dadoniené J, et al. A Randomized Trial of Maintenance Therapy for Vasculitis Associated with 
Antineutrophil Cytoplasmic Autoantibodies. New England Journal of Medicine. 2003 Jul 3;349(1):36–44.



For maintenance of remission: AZA or RTX?

Smith RM, Jones RB, Specks U, Bond S, Nodale M, Reem Al-jayyousi, et al. Rituximab versus azathioprine for maintenance of remission for patients with 
ANCA-associated vasculitis and relapsing disease: an international randomised controlled trial. Annals of the Rheumatic Diseases. 2023 Mar 23;ard-223559.



e Participants Arms End-points Results Comments 

WEGENT: an 
RCT to 
compare MTX 
to AZA for 
maintenance of 
remission in 
AAV (2008)

>18 years of age with 
GPA/MPA who has gone into 
remission after GC 
(pulse+maintenance)+CYC 
(pulse)  (N-126, DAH in 
20.6% patients, more in 
AZA)

1. AZA 2 mg/Kg/D
2. MTX 0.3 

mg/Kg/Wk 
increased 2.5 
mg/Wk to 25 
mg/Wk 

Both for 12 months 

Primary: severe AE 
(death/discontinuatio
n) 
Secondary: any AE, 
relapse-free survival, 
event-free survival 

11% in AZA group 
and 19% in MTX 
group met primary 
end-point (P-0.21)
36% in AZA and 33% 
in MTX grp had 
relapse (P-0.71)
RFS and EFS were not 
significantly different  

MTX and AZA were 
similarly effective for 
maintenance and 
MTX was not a/w 
better safety profile. 

MAINRITSAN
: 
An RCT to 
compare RTX 
vs AZA for 
maintenance of 
remission in 
AAV patients 
(2014)
(unblinded)

18-75 years old patients 
diagnosed with 
GPA/MPA/renal limited 
vasculitis who have achieved 
remission (BVAS-0) with 
CYC+GC 
(N-115)
(alveolar haemorrhage in 19% 
of AZA and 16% of RTX 
group, pulmonary 
involvement in 66% and 58% 
of AZA and RTX respectively) 

1. IV RTX 500 mg 
on D0 and D14 
f/b at months 
6,12,18. 

2. Oral AZA 
2mg/Kg/D for 12 
months, then 1.5 
mg/Kg/D for 6 
months and 1 
mg/Kg/D g for 4 
months 

Both received tapering 
doses of GC at least 
for 18 months 

Primary: major relapse 
within at 28 months 
follow up (BVAS>0 
and organ threatening 
disease) 

Secondary: minor 
relapse, AE, mortality 

Major relapses 
happened more 
frequently in AZA 
group in comparison 
to RTX group (29% vs 
5%, HR 6.61, CI-95%, 
1.56-27.96, P<0.002)
Minor relapse more in 
AZA group (16% vs 
11%, P=0.43)
Severe infections were 
more frequent in RTX 
group (19% vs 14%) 

Establishes RTX as an 
effective and safe 
agent for remission 
maintenance. 
Unblinded study;
Majority of patients 
had GPA, very small 
MPA/renal-limited 
vasculitis; 
Early cross-over of 
patients from AZA to 
RTX group due to 
major relapses; 



Open-label unblinded RCT to compare 
rates of relapse in patients of AAV 
treated with RTX or AZA as 
maintenance therapy 

Initial induction phase (0-4 months) saw 
patients treated with RTX as the 
induction agent in addition to GC 

Over next 4-24 months patients received 
either RTX or CYC along with GC for 
maintenance of remission once it was 
achieved 

Patients were followed up till 48 months 
from initiation of induction 
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for 24 months and 

tapered and 
withdrawn at month 

27

Patients intolerant to 
AZA shifted to oral or 

S/C MTX 
@25mg/Wk



Open-label unblinded RCT to compare 
rates of relapse in patients of AAV 
treated with RTX or AZA as 
maintenance therapy 

Initial induction phase (0-4 months) saw 
patients treated with RTX as the 
induction agent in addition to GC 

Over next 4-24 months patients received 
either RTX or CYC along with GC for 
maintenance of remission once it was 
achieved 

Patients were followed up till 48 months 
from initiation of induction 

ARM 1 
RTX @1000 mg/dose 

at months 
4,8,12,16,20 (from 

enrolment)

ARM 2 
AZA @2 mg/Kg/D 
for 24 months and 

tapered and 
withdrawn at month 

27

Patients intolerant to 
AZA shifted to oral or 

S/C MTX 
@25mg/Wk

Patients followed up for major or minor relapses over 48 months in total with periodic visits and assessment of 
BVAS/WG



• Rituximab was superior to azathioprine for the prevention of major 
or minor disease relapse: HR 0.41, 95% CI 0.27 to 0.61, p<0.001

• The HR during the maintenance phase was 0.35, 95%CI 0.18 to 
0.66, p=0.001, and during the follow-up phase was 0.45, 95%CI 0.26 
to 0.78, p=0.004



Events RTX AZA HR P-value 

Total relapses 52
38/85 patients 
(45%)

89
60/85 (71%)

Major relapses 11 28 0.36 0.004

Minor relapse 41 61

Relapse during 
Maintenance 

13/85 (15%) 32/85 (38%)

Relapse during 
Follow-up

33 49

Sustained 
remission rate at 
48 months 

0.50 0.22



• Rituximab was superior to azathioprine for the prevention of major or minor disease relapse: HR 0.41, 95% CI 0.27 to 
0.61, p<0.001

• The HR during the maintenance phase was 0.35, 95%CI 0.18 to 0.66, p=0.001, and during the follow-up phase was 0.45, 
95%CI 0.26 to 0.78, p=0.004

• Severe infections occurred in 15 (18%) patients in the rituximab and 27 in 19 (22%) patients in the azathioprine groups 
• 197 and 207 non-severe infections occurred in 54 (64%) and 62 (73%) patients in the rituximab and azathioprine groups, 

respectively



• Rituximab was superior to azathioprine for the prevention of major or minor disease relapse: HR 0.41, 95% CI 0.27 to 
0.61, p<0.001

• The HR during the maintenance phase was 0.35, 95%CI 0.18 to 0.66, p=0.001, and during the follow-up phase was 0.45, 
95%CI 0.26 to 0.78, p=0.004

• Severe infections occurred in 15 (18%) patients in the rituximab and 27 in 19 (22%) patients in the azathioprine groups 
• 197 and 207 non-severe infections occurred in 54 (64%) and 62 (73%) patients in the rituximab and azathioprine groups, 

respectively

• RTX was superior in efficacy to AZA as a maintenance agent in AAV 
• Risk of severe adverevets were not significantly more in the RTX group



Comparison of dose and duration of medications used in different studies 



Study Induction Agent 

And Dosage 

Duration Maintenance agent and  

Dosage 

Duratio
n 

RAVE 

Remission: BVAS<1 for >2 months

RTX 375 mg/BSA once weekly for 4 weeks 

+

MPS 1 g for 1-3 day followed by prednisolone 1mg/Kg/D tapered to <5 mg by 6 months and stopped by 18-24 months (taper to 40 mg/d by 1 
month and decrease every 2 weekly)

GC 18-24 
months

CYC 2 mg/Kg orally (renal function and age-adjusted dose) daily for 3 months 

+ 

MPS 1 g for 1 day followed by prednisolone 1mg/Kg/D tapered to <5 mg by 6 months and stopped by 18-24 months (taper to 40 mg/d by 1 
month and decrease every 2 weekly)

3 months AZA 2 mg/Kg/D from 
4th month if remission 
was achieved 

Up to 
18 
months 

RITUXVAS

Remission- BVAS=0 for >2 months 

RTX 375 mg/BSA once weekly for 4 weeks

+

CYC 15 mg/Kg with 1st and 3rd dose of RTX 

+ 

IV MPS 1 g 1 day f/b prednisolone 1 mg/Kg tapered over 6 months to <5 mg/day and then stop by 18-24 months 

GC 18-24 
months 

CYC 15 mg/Kg every 2 weeks for first 3 doses and then 3 weekly until remission (minimum 3 months and maximum 6 months) 

+

IV MPS 1 g 1 day f/b prednisolone 1 mg/Kg tapered over 6 months to <5 mg/day and then stop by 18-24 months

3-6 months AZA 2 mg/Kg/D from 
the time of remission 

Until 
trial 
ends 

PEXIVAS CYC 

Oral 2 mg/Kg/day (max 200 mg) dose adjusted to age, renal function, Cytopenias (monitor CBC every weekly for 4 wks/weekly for 4 weeks 
after each dose change and monthly thereafter)

Or IV 15 mg/Kg/dose 2 weekly for first 3 doses and then 3 weekly (monitor CBC every 14 days and 1 day before each pulse)

+ 

Plasma exchange 

Minimum 13 weeks 
and maximum 26 
weeks 

7 sessions in 14 
days 

(started after remission 
or after 26 weeks) 

AZA 2 mg/Kg/D (modify 
acc to age, renal function 
and cytopenia) 

Monitor CBC every 2 
weeks for the first month 
and then monthly 



Newer therapies- AVACOPAN? 

Avacopan is an orally administered selective C5a receptor antagonist 

In Vasculitis, activation of the alternative pathway, and subsequent production of 
C5a drives the inflammation (neutrophil chemoattraction and activation) 

In Murine models, Avacopan has shown to block C5a receptors and prevent ANCA-
driven glomerulonephritis 

ADVOCATE trial examined its efficacy in maintaining sustained remission in AAV 
patients 

Jayne DRW, Merkel PA, Schall TJ, Bekker P. Avacopan for the Treatment of ANCA-Associated Vasculitis. New England Journal of Medicine. 2021 Feb 
18;384(7):599–609.
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Phase 3 randomized controlled trial 
Participants: patients with ANCA associated vasculitis 

IMPORTANTLY: Patients with alveolar haemorrhage requiring 
mechanical ventilation anticipated to continue beyond the study 
period were excluded (Chest involvement was present in ~42% 
of patients) 

Arm 1 
AVACOPAN 
Placebo+ GC

(20 wks) 

Arm 2 
AVACOPAN 

(30 mg 
BD)+GC  
placebo
(52 wks)   

Primary: remission at 26 weeks 
Secondary: sustained remission at 52 weeks
Follow up period: 60 weeks 
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Phase 3 randomized controlled trial 
Participants: patients with ANCA associated vasculitis 

IMPORTANTLY: Patients with alveolar haemorrhage requiring 
mechanical ventilation anticipated to continue beyond the study 
period were excluded (Chest involvement was present in ~42% 
of patients) 

Arm 1 
AVACOPAN 
Placebo+ GC

(20 wks) 

Arm 2 
AVACOPAN 

(30 mg 
BD)+GC  
placebo
(52 wks)   

Primary: remission at 26 weeks 
Secondary: sustained remission at 52 weeks
Follow up period: 60 weeks 

• Remission at week 26 was observed in 120 of 166 patients (72.3%) in the avacopan group and in 115 of 
164 patients (70.1%) in the prednisone group (P<0.001 for non-inferiority but P=0.24 for superiority) 

• Sustained remission at week 52 was observed in 109 of 166 patients (65.7%) in the avacopan group and 
in 90 of 164 patients (54.9%) in the prednisone group (estimated common difference, 12.5 percentage 
points) (P <0.001 for non-inferiority and P=0.007 for superiority)



Geetha D, Dua A, Yue H, Springer J, Salvarani C, Jayne D, et al. Efficacy and safety of avacopan in patients with ANCA-associated vasculitis receiving rituximab in 
a randomised trial. Annals of the Rheumatic Diseases [Internet]. 2024 Jan 11;83(2):223–32.

AVACOPAN showed a 
greater improvement in 

renal function from 
baseline in comparison to 
the tapering prednisolone 

group

SG: RTX treated



Geetha D, Dua A, Yue H, Springer J, Salvarani C, Jayne D, et al. Efficacy and safety of avacopan in patients with ANCA-associated vasculitis receiving rituximab in 
a randomised trial. Annals of the Rheumatic Diseases [Internet]. 2024 Jan 11;83(2):223–32.

Long term safety in the 
AVACOPAN group was 

comparable to the 
prednisolone group; 

Risks of any serious adverse 
events were slightly higher in 

the prednisolone group. 

SG: RTX treated



van Leeuwen J, Quartuccio L, Draibe J, Gunnarson I, Sprangers B, Teng YKO. Evaluating Avacopan in the Treatment of ANCA-Associated Vasculitis: Design, 
Development and Positioning of Therapy. Drug Design, Development and Therapy [Internet]. 2025 Jan;Volume 19:23–37.



Diseases other than AAV 

Treatment of DAH secondary to anti-GBM disease

Treatment of alveolar haemorrhage associated with drugs  

Treatment of idiopathic pulmonary haemosiderosis



Anti-GBM disease 

<1% of all causes of end-stage renal diseases 

90% have renal involvement 

40% may have isolated renal involvement at beginning 

10% may have isolated lung disease 

When both affected→ pulmonary renal syndrome (Goodpasture disease) 



CLINICAL PRESENTATION

- Rapidly progressive glomerulonephritis (55-
85%) – often HD dependent at presentation

- Macroscopic haematuria <25%, microscopic 
haematuria in almost all patients  

- Cough, shortness of breath, haemoptysis (25-
30%)

- Anaemia 

 

PATHOGENESIS

• Auto-antibodies (IgG) form against the 
otherwise hidden antigens in GBM in 
susceptible individuals 

• Laminin-521, Peroxidasin have been identified 
to activate CD4+T cells 

• Auto-antibodies bind to these antigens, on 
collagen type-IV structures (alpha3 NC1 
domain) and disrupt glomerular basement 
membrane integrity 

• Laminin521 has been associated with higher 
risk of Pulmonary involvement due to 
binding with alveolar epithelium 

DIAGNOSIS 

- IgG antibody against GBM (alpha3 IV ag) 
(ELISA)

- Biosensor assay, Chemiluminiscence assay 
- Kidney biopsy with classical histology and 

direct IF showing linear IgG deposition 
(exclude other possibilities) 
- Lung histopathology and direct IF 

 



Treatment regimen 

PLASMAPHERESIS: centrifugal bowl or plasma filter method with high plasma 
volume (50-60 mL/kg/session to a maximum of 4 L) exchanged daily until anti-GBM 
antibodies are undetectable or at least for 14 days

Corticosteroids: pulse methylprednisolone followed by oral maintenance therapy 
tapered over 6-9 months as per clinical status of disease 

CYC oral or IV pulse/ Alternatively RTX 

Kidney transplant in ESRD if no circulating auto-antibody for 6 weeks 



Randomized clinical trial involving 17 patients conducted in 1985 

All patients had met 2 of 3 criteria: circulating anti-GBM ab, histological evidence of 
liner deposition of IgG in kidney/lung or anti-GBM ab eluted from lung or kidney 

Randomized to either undergo only immunosuppression with CYC and GC or 
Plasma exchange in addition to CYC and GC  

Johnson JP, Moore JJ, Austin H a. I, Balow JE, Antonovych TT, Wilson CB. Therapy of Anti-Glomerular Basement Membrane Antibody Disease: Analysis 
of Prognostic Significance of Clinical, Pathologic and Treatment Factors. Medicine [Internet]. 1985 Jul 1 [cited 2024 Apr 13];64(4):219



Johnson JP, Moore JJ, Austin H a. I, Balow JE, Antonovych TT, Wilson CB. Therapy of Anti-Glomerular Basement Membrane Antibody Disease: Analysis 
of Prognostic Significance of Clinical, Pathologic and Treatment Factors. Medicine [Internet]. 1985 Jul 1 [cited 2024 Apr 13];64(4):219

ARM 1
1. GC- 2 mg/Kg/D for 1 Wk 

f/b 1 mg/Kg/D for 2 
weeks f/b alternate day 
dosage for 3 months 

2. CYC 2 mg/Kg/D for 3 
months f/b 1 mg/kg/D for 

remainder of therapy  

ARM 2
1. GC- 2 mg/Kg/D for 1 Wk 

f/b 1 mg/Kg/D for 2 
weeks f/b alternate day 
dosage for 3 months 

2. CYC 2 mg/Kg/D for 3 
months f/b 1 mg/kg/D for 

remainder of therapy  
3. PLASMA exchange- 4 L 

every 3 days until anti-
GBM ab<5% binding OR 
30 days stable on MHD

Those who had 
breakthrough alveolar 

haemorrhage with 
Pa02<60 mmHg were 
allowed to be treated 

with pulses of 
methylprednisolone 





Most of the patients were young males 

Diagnosis had variable latency, but it did not have 
any impact on outcome 

15 of 17 patients had pulmonary symptoms 

TBLB done in 10 patients, renal biopsy in 15 
patients 



• Rate of disappearance of auto-
antibodies were significantly 
more rapid among patients 
treated with PLEX (P<0.05) 



• The effect of therapy on alveolar haemorrhage was similar among the two groups (no advantage) 

• Renal function improvement was substantially more in the group treated with PLEX (Creatinine at 
the end of therapy was significantly lower) 



• The effect of therapy on alveolar haemorrhage was similar among the two groups (no advantage) 

• Renal function improvement was substantially more in the group treated with PLEX (Creatinine at 
the end of therapy was significantly lower) 

Very small number of patients were included in the study 
 PLEX was instituted at a lower frequency than usual 

Larger RCT with more aggressive PLEX may establish a more significant role of PLEX in DAH 



Newer option

Imlifidase is an enzyme derived from Streptococcus pyogenes 

Cleaves IgG within hours into F(ab) and F( c ) fragments rendering it non-functional 

Does not improve renal status 

Phase II trials have shown its ability to clear anti-GBM antibodies readily and 
effectively 

Currently a phase III trial is in enrolment stage to assess efficacy and safety of 
Imlifidase in randomized control trial setting 



DAH in other settings 

DAH secondary to SLE/APLA/other 
auto-immune diseases 

DAH secondary to cryoglobulineamia

Drug-induced DAH 

Idiopathic pulmonary haemosiderosis

DAH due to excess anti-coagulation 

DAH in allogenic HSCT recipients 

DAH due to infection 

No data from large RCT

Data on treatment extrapolated from 
treatment of DAH in AAV or from case 
series/observational cohort studies 

Management of the underlying 
condition is often the mainstay of 
treatment 



A 2021 systematic review and metaanalysis examined 8 studies with 251 SLE patients 
who had 262 episodes of diffuse alveolar haemorrhage

All the patients had SLE according to ACR classification and DAH on the basis of
cough/dyspnea/haemoptysis, acute onset b/l lung infiltrates on imaging, drop of 
Hb>1.5g/dL without bleeding elsewhere and haemosiderin-laden macrophages on 
BAL/TBLB 

The article evaluated risk factors for poor outcome and responses to treatment in the 
studies which were conducted in USA, S. Korea, China, USA, Columbia and 
Sigapore. 

Jiang M, Chen R, Li Z, Zhang X. Risk factors for mortality of diffuse alveolar hemorrhage in systemic lupus erythematosus: a systematic review and meta-
analysis. 2021 Feb 16;23(1).



• They identified an increased 
risk of mortality associated 
with advanced age at 
presentation, long duration of 
disease, association of 
infection and need for 
mechanical ventilation and 
plasmapheresis. 

• There was no association 
between treatment with or 
without cyclophosphamide. 

• The ones requiring 
plasmapheresis may be sicker 
at the onset and this may 
explain higher mortality in this 
group



ROLE OF 
INFLAMMATION?
Evidence of intense 
cytokine release (IL-

12, TNF-alpha)
?CYTOKINE 

STORM

ROLE OF 
INFLAMMATION?
Finding of intense 
local inflammation 
even in neutropenic 

state

DAH in HSCT

PATHOGENESIS

Not clear 
Implicated factors: high dose 
chemo, thoracic/whole body 

irradiation, undetected 
infection

MECHANISM: 
?Thrombotic microangiopathy
Observed: endothelial swelling 

and injury, microthrombi, 
endothelial inflammation 

during acute phase of GVHD



DAH in HSCT

PATHOGENESIS

Not clear 
Implicated factors: high dose 
chemo, thoracic/whole body 

irradiation, undetected 
infection

MECHANISM: 
?Thrombotic microangiopathy
Observed: endothelial swelling 

and injury, microthrombi, 
endothelial inflammation 

during acute phase of GVHD

ROLE OF 
INFLAMMATION?
Finding of intense 
local inflammation 
even in neutropenic 

state

ROLE OF 
INFLAMMATION?
Evidence of intense 
cytokine release (IL-

12, TNF-alpha)
?CYTOKINE 

STORM



DAH in HSCT

PATHOGENESIS

Not clear 
Implicated factors: high dose 
chemo, thoracic/whole body 

irradiation, undetected 
infection

MECHANISM: 
?Thrombotic microangiopathy
Observed: endothelial swelling 

and injury, microthrombi, 
endothelial inflammation 

during acute phase of GVHD

ROLE OF 
INFLAMMATION?
Finding of intense 
local inflammation 
even in neutropenic 

state

ROLE OF 
INFLAMMATION?
Evidence of intense 
cytokine release (IL-

12, TNF-alpha)
?CYTOKINE 

STORM

These form the basis of managing DAH with immunosuppressive therapy (no RCT) 
IV corticosteroids (methylprednisolone) 250 mg-2g/day for 5 days, followed by 1mg/Kg  prednisolone tapered over 2-4 

weeks (basis: retrospective observational studies and anecdotal reports) 
No role of other immunosuppressive therapies and PLEX has been demonstrated  

Bekele Afessa, Ayalew Tefferi, Litzow MR, Krowka MJ, Wylam ME, 
Peters SG. Diffuse Alveolar Hemorrhage in Hematopoietic Stem Cell 
Transplant Recipients. 2002 Sep 1;166(5):641–5.

Loecher AM, West K, Quinn TD, Defayette AA. 
Management of diffuse alveolar hemorrhage in the 
hematopoietic stem cell transplantation 
population: A systematic review. Pharmacotherapy 
[Internet]. 2021 Nov;41(11):943–52



Idiopathic pulmonary haemosiderosis

A 2022 systematic review examined cases of IPH and Lane-Hamilton syndrome (IPH+celiac disease) 
between 1971 and 2022 

They found that although majority of patients were diagnosed at a young age, delay in diagnosis of 
IPH was substantial 

The patients with only IPH has been treated with glucocorticoids in >90% of cases and about 10% of 
them required additional immunosuppression (CYC)

Only 40% of cases of Lane-Hamilton syndrome were treated with GC and few of them were treated 
with gluten free diet. 

They found a rate of recurrence of around 56% in IPH patients and 28% in LHS 

In a follow up period of about 3 years, 21% of IPH patients died despite treatment (0% among LHS 
group)

Saha BK, Datar P, Aiman A, Bonnier A, Saha S, Milman NT. Comparative Analysis of Adult Patients With Idiopathic Pulmonary Hemosiderosis and Lane-Hamilton 
Syndrome: A Systematic Review of the Literature in the Period 1971-2022. Cureus [Internet]. 2022;14(3):e23482.



Systemic glucocorticoids 
(pulse+maintenance) 

DAH secondary to SLE/APLA/other 
auto-immune diseases 

DAH secondary to cryoglobulineamia

Drug-induced DAH 

Idiopathic pulmonary haemosiderosis

PULSE METHYPPREDNISOLONE + CYC (alternative- 
RTX/AZA/MMF) 

PULSE METHYPPREDNISOLONE + CYC (alternative- 
RTX/AZA/MMF) 

+
Treatment of underlying cause of cryoglubilinaemia

+ 
PLEX (warm the exchange fluid) (unproven benefit)

STOP offending drug (s) 
+

Systemic glucocorticoids (in severe cases)



DAH due to excess anti-coagulation

DAH in allogenic HSCT recipients

DAH due to infection

DAH due to MS/CCF 

STOP anticoagulation 
TREAT IPT/TTP-TMA if present 

TREAT with Platelet transfusion/VitK/4 factor PCC
USE of FACTOR VIIa (?)

PULSE GC+ maintenance GC 
AMINOCAPROIC ACID (doubtful benefit) 

MANAGEMENT of underlying infection with 
ANTI-VIRALS/ANTI_BACTERIALS 

Diuretics 
Optimisation of medical management of heart failure 

Consideration of surgical correction 



rFACTOR VIIa for DAH

rFVIIa is a haemostatic agent and approved for treatment of hameophilia A and B 
(who acquired Ab to factor VII and IX) 

A retrospective study reported characteristics and outcomes in patients between 2003 
and 2013 who received rFVIIa for diffuse alveolar haemorrhage (n-23)

All patients received rFVIIa at a dose of 35-120 mcg/Kg every 2 hours for total 4 
times/day (standard dose was 75 mcg/Kg)

All received standard of care immunosuppression additionally

Treatment was deemed successful if Haematocrit was stabilized along with 
resolution/stabilization of Pulmonary infiltrates and ventilatory parameters  

Pathak V, Kuhn J, Gabriel D, Barrow J, Jennette JC, Henke DC. Use of Activated Factor VII in Patients with Diffuse Alveolar Hemorrhage: A 10 Years 
Institutional Experience. Lung. 2015 Mar 23;193(3):375–9.



• 22 of the 23 patients required ICU admission and 18 
required mechanical ventilation 

• DAH resolved in 22 of 23 patients 
• However, 8 patients died (6 bone marrow transplant 

recipient, 2 ANCA vasculitis) 
• Deaths were due to multiorgan failure and progression of 

underlying disease 
• No thrombotic adverse events was observed due to rFVIIa 
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The treatment stopped alveolar haemorrhage without any impact 
on underlying disease progression 

Actual benefit of treatment could be confounded by other 
treatments offered 

Randomized clinical trials are required to establish the drug as a 
effective management of DAH 

rVIIa has been associated with life-threatening venous and arterial thromboembolic events which requires farther safety assessment 



CONCLUSION 
DAH is a life-threatening manifestation of multiple disease processes 

It requires prompt identification and management as delay in diagnosis is a/w higher rate 
of adverse outcome 

Management of DAH depends largely on treatment of the underlying inflammation

Current mainstay of treatment: immunosuppression: 

Induction with CYC/RTX (with or without AVACOPAN)+ IV pulse corticosteroid

(consider RTX better in relapsing disease) 

Maintenance with RTX/AZA + tapering glucocorticoids for adequate duration 

PLASMA EXCHANGE has doubtful role 

Newer adjunctive therapies  



Research lacunae: many large RCTs exclude patients with severe DAH, do not report 
results of DAH subgroup separately and do not mention nature of pulmonary 
involvement 

Larger RCTs are required to examine roles of newer therapies such as AVACOPAN, 
rFVIIa and IMLIFIDASE considering the high risk of side effects of cytotoxic agents 
and long-term systemic glucocorticoids 

Role of IVIg can be reviewed (anecdotal reports of benefit)

RCTs are required to evaluate treatment options in DAH associated with diseases 
other than AAV/drugs/infections 

CONCLUSION 



Proposed management of DAH 

Induction of remission: 

IV methyl prednisolone 1 gram for 3 days 

IV Rituximab 375 mg/BSA once weekly for 4 weeks 

Continue oral prednisolone 1 mg/Kg/day for 1 week followed by 0.5 mg/Kg/day to 
be tapered to <5mg/day 6 months and stop if possible 

Maintenance: 

Rituximab 375 mg/BSA 6 monthly until 18-24 months 



Major relapse: re-introduction with Rituximab (same dose as induction) 

With or without additional pulse dose of steroids 

Alternative: Cyclophosphamide pulse doses (if renal involvement predominates)

Minor relapse: increased dose of oral glucocorticoids (0.5 mg/Kg/day) and tapered 
back to baseline dose by 4 weeks 



In refractory disease (remission not achieved by proposed regimen)

Options include-

Re-induction with CYC 15 mg/Kg/d 2 weekly for 3 doses and then 2 weekly until remission (3-6 
months) 

Alternatively, plasma exchange therapy (more chance of benefit in anti-GBM disease and in 
patients with poor baseline/new onset renal impairment)

Additional pulse doses of methylprednisolone 

Experimental options-

Recombinant factor VIIa: 75 mcg/Kg/dose 2 hourly for 4 doses a day until DAH resolves 

IMLIFIDASE 



THANK YOU
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