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Diffuse Alveolar Hemorrhage

Joshua Smith and Mark Daren Williams

�Case Presentation

A 43-year-old Hispanic male originally from 
Honduras presented to the Emergency room with 
cough producing yellow sputum for 1 month, 
with recent change to blood tinged over the previ-
ous days. His past medical history was pertinent 
for hypertension and end stage renal disease 
requiring thrice weekly hemodialysis. He had 
missed dialysis for the previous week prior to 
presentation due to bad weather. He also reported 
fever, chills, and sore throat with the onset of 
hemoptysis. Of note, the patient had presented to 
another local hospital 2 months prior with similar 
symptoms of hemoptysis. He was evaluated by 
gastroenterology and otolaryngology and an 
endoscopy and laryngoscopy were performed. 
There were no obvious signs of bleeding but 
endoscopy did note blood emanating from the 
larynx. At presentation, his physical exam was 
notable for bilateral inspiratory rales with normal 
vital signs including oxygen saturation of 98 % 
on room air.

He was initially diagnosed with end-stage 
renal failure 18 months prior following a motor 
vehicle accident. The patient was uninjured but 
was noted to have a serum creatinine of 21 mg/dl. 
A renal ultrasound showed moderate to marked 
cortical hyperechoic texture suggesting renal 
parenchymal disease attributed to long-standing 
hypertension. He was started on hemodialysis 
and remained compliant despite some logistical 
challenges regarding his immigrant status. The 
patient had lived in the United States for the pre-
vious 10 years with no recent travel or sick con-
tacts. He denied any use of tobacco, alcohol, or 
illicit drug use. He previously worked as a roofer, 
but was currently unemployed due to his dialysis 
dependence.

At the time of presentation, his laboratory 
data was notable for anemia with hemoglobin 
of 5.9  g/dl, Potassium 6.6  mmol/L, BNP 
2092  pg/ml and serum creatinine 23  mg/dl. A 
chest x-ray showed multifocal bilateral alveolar 
opacities (Figs. 34.1 and 34.2). The patient was 
initially treated with hemodialysis, broad spec-
trum antibiotics, and placed in respiratory iso-
lation for evaluation of tuberculosis. The 
patient reported that his hemoptysis improved 
significantly following serial sessions  of dialy-
sis, yet chest imaging remained unchanged. 
Sputum culture, respiratory viral antigen panel, 
and AFB smears were negative. A bronchos-
copy was performed 4 days after admission and 
revealed a progressively bloody bronchoalveo-
lar lavage (Fig. 34.3) consistent with a diagno-
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sis of diffuse alveolar hemorrhage. Serologic 
analysis confirmed the diagnosis.

Question  What is the diagnosis?

Answer  Capillaritis with diffuse alveolar 
hemorrhage

This patient presented with hemoptysis con-
firmed to be diffuse alveolar hemorrhage and 
chronic renal failure. The initial suspected etiol-
ogy was volume overload due to missed dialysis 

sessions due to the elevated BNP level. The 
patient was treated conservatively with dialysis 
and while his reported hemoptysis improved, his 
chest x-ray showed persistent alveolar infil-
trates. The serologic analysis that confirmed the 
diagnosis included Antinuclear Antibody of 
1:360, P-ANCA positivity, and antibody to 
Myeloperoxidase of greater than 8.0 units. The 
constellation of diffuse alveolar hemorrhage, 
renal involvement, and p-ANCA/MPO positiv-
ity confirmed a diagnosis of Microscopic Poly
angiitis. Imaging of the sinuses showed no signs 
of inflammation of the upper respiratory tract. 
The patient was treated with prednisone and 
cyclophosphamide pulse dosing for six doses. He 
had one subsequent episode of hemoptysis 
requiring hospitalization 1 month after initial 
presentation. In general, he responded well to 
treatment and was weaned from corticosteroids 
over the next 3 months after completion of cyclo-
phosphamide with improvement on chest imag-
ing (Fig. 34.4).

�Principles of Management

�Differential Diagnosis

The differential diagnosis for diffuse alveolar 
hemorrhage can be quite extensive ranging from 
autoimmune to coagulopathy to medications. Three 

Fig. 34.1  Chest X-ray at initial presentation showing 
multifocal bilateral alveolar opacities

a b

Fig. 34.2  (a, b) Chest CT images performed after hemodialysis showing diffuse bilateral alveolar opacities
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characteristic patterns have been identified: 
Capillaritis, ‘Bland’ pulmonary hemorrhage, and 
alveolar bleeding due to another process [1, 2]. 
Capillaritis is the most common cause of DAH 

and is typically a result of antibody-mediated 
cell damage. Autoimmune conditions associ-
ated with DAH include antineutrophil cytoplas-
mic antibody (ANCA) associated vasculitides, 

Fig. 34.3  Sequential bronchoalveolar lavages starting left to right showing progressively bloody return

a b

Fig. 34.4  (a, b) Chest CT images performed after 1 year of immunosuppressive treatment showing resolution of 
alveolar opacities
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Goodpasture Syndrome, Systemic Lupus 
Erythematosus (Table 34.1). Initial evaluation of a 
patient with hemoptysis and suspected diffuse 
alveolar hemorrhage typically includes fiberoptic 
bronchoscopy to identify a source of bleeding, 
identification of potential infectious etiologies, and 
serologic workup for autoimmune conditions.

�Classification

Microscopic Polyangiitis (MPA) is a member of 
the group of ANCA-associated vasculitides. This 
group also includes granulomatosis with polyangi-
itis (GPA) and eosinophilic granulomatosis with 
polyangiitis (EGPA or Churg-Strauss Syndrome). 
These diseases are characterized by pauci-immune 
necrotizing inflammation of small vessels [3]. 
MPA has previously been described as a subgroup 
of Polyarteritis Nodosa (small vessel form) and is 
distinguished from GPA by the absence of granu-
loma formation. MPA is most commonly associ-
ated with rapidly progressive glomerulonephritis, 
although alveolar hemorrhage has been reported in 
up to 12–29 % of cases [4].

�Diagnosis

The diagnosis of ANCA-associated vasculitides 
is usually based upon findings of pulmonary and/
or renal abnormalities with small-vessel necrotiz-
ing inflammation with the presence of auto-
antibodies directed against neutrophilic antigens. 
Previously, ANCA directed antibodies were clas-
sified as cytoplasmic-pattern and perinuclear-
patter, c-ANCA and p-ANCA, respectively. The 
two ANCA antigens commonly identified are 
proteinase 3 (PR3) and myeloperoxidase (MPO). 
MPO is more commonly associated with 
microscopic polyangiitis with a sensitivity of 
50–70 %, although PR3 has been identified in 
cases of MPA with a sensitivity of 26 % [5–7]. 
Specificity of the combination of P-ANCA and 
MPO for ANCA-associated vasculitides is sig-
nificantly greater at 99.8 % [8]. In a review of 
patients with MPA and alveolar hemorrhage, 14 

Table 34.1  Causes of diffuse alveolar hemorrhage

Capillaritis

Granulomatosis with polyangiitis (GPA)

Churg-Strauss syndrome

Microscopic polyangiitis (MPA)

Isolated pauci-immune pulmonary capillaritis

Idiopathic pauci-immune glomerulonephritis

Primary immune complex-mediated vasculitis

Goodpasture’s syndrome

Henoch-Schonlein purpura

Systemic lupus erythematosus

Rheumatoid arthritis

Antiphospholipid antibody syndrome

Mixed connective tissue disease

Polymyositis/dermatomyositis

Essential cryoglobulinemia

Behcet’s disease

Acute lung transplantation rejection

Autologous bone marrow transplantation

Bland Pulmonary Hemorrhage

Idiopathic pulmonary hemosiderosis

Coagulopathy: anticoagulants, anti-platelet, 
thrombolytics, DIC

Mitral stenosis, pulmonary veno-occlusive disease

Infection: human immunodeficiency virus infection, 
infective endocarditis

Toxin or inhalation injury: isocyanates, crack cocaine, 
retinoic acid

Drug-associated disease: propylthiouracil, 
diphenylhydantoin, amiodarone, mitomycin,

D-penicillamine, sirolimus, methotrexate, haloperidol, 
nitrofurantoin, gold,

all-trans-retinoic acid (ATRA), bleomycin, 
montelukast, zafirlukast, infliximab

Alveolar bleeding due to another condition

Diffuse alveolar damage

Pulmonary embolism

Sarcoidosis

High-altitude pulmonary edema, barotrauma

Infection: invasive aspergillosis, cytomegalovirus 
infection, legionellosis, herpes simplex virus 
infection,

mycoplasma, hantavirus infection, leptospirosis, other 
bacterial pneumoniae

Malignant conditions

Lymphangioleiomyomatosis

Tuberous sclerosis

Pulmonary capillary hemangiomatosis

Lymphangiography
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out of 27 patients revealed p-ANCA positivity 
while 11 out of 27 patients were c-ANCA posi-
tive [4]. Among those with p-ANCA antibodies, 
12 out of 12 patients were positive for MPO spe-
cific antibodies. The requirement of biopsy for 
the diagnosis of ANCA associated vasculitides 
remains controversial. In the correct clinical set-
ting with rapidly progressive glomerulonephritis, 
radiographic abnormalities, and serologic confir-
mation of antibody, the diagnosis of ANCA-
associated vasculitis can be determined. Given 
the relapsing nature of disease and requirements 
for prolonged immunosuppression, it is sug-
gested that confirmation of diagnosis by histopa-
thology be determined whenever possible.

�Treatment

Historically, initial management of ANCA-
associated vasculitides has centered on immuno-
suppression with corticosteroids and 
cyclophosphamide. The goal of treatment is 
induction of remission and maintenance of dis-
ease suppression. Therapy is typically tailored to 
severity of disease, notably mild vs. moderate to 
severe. These determinations are based upon 
organ-threatening or life-threatening manifesta-
tions. Pulmonary involvement, and specifically 
alveolar hemorrhage, is considered moderate to 
severe disease. Plasmapheresis has been shown 
to be beneficial in patients with diffuse alveolar 
hemorrhage and ANCA-associated vasculitis [9].

�Evidence Contour

�Rituximab

Recently, there have been alternative treatment 
options identified in the treatment of ANCA-
associated vasculitides. Cyclophosphamide car-
ries several adverse reactions including 
cytopenias, infertility, bladder injury, and risk of 
malignancy. It has been identified that B lympho-
cytes play an integral in role in the pathogenicity 
of auto-immunity [10]. Rituximab, an anti-CD20 

monoclonal antibody, has been successfully 
used to reduce B-lymphocyte populations. Since 
2010, there has been growing evidence that 
Rituximab can be used as an alternative to cyclo-
phosphamide in the treatment of ANCA-
associated vasculitides. When compared with 
cyclophosphamide, Rituximab was found to be 
non-inferior at induction of remission and main-
tenance of remission [11, 12]. In fact, Rituximab 
was found to be more effective for inducing 
remission of relapsing disease (67 % vs. 42) [11]. 
Rituximab has been found to be superior to aza-
thioprine in disease remission over 2 years [13]. 
Thus, rituximab has been shown to be a viable 
option for treatment of ANCA-associated vascu-
litides. While the patient in the case report was 
treated with cyclophosphamide, the use of ritux-
imab could have been entertained.

�Recombinant Factor VII

Refractory diffuse alveolar hemorrhage can pres-
ent a therapeutic dilemma. Systemic recombinant 
Factor VII has been successfully used in a case of 
massive hemoptysis due to community acquired 
pneumonia [14]. Case reports and observational 
studies have shown a beneficial effect of intrapul-
monary administration of activated recombinant 
factor VII in cases of refractory diffuse alveolar 
hemorrhage [15, 16]. Primarily, this practice has 
been shown to be beneficial in cases of DAH in 
allogeneic hematopoetic stem cell transplant 
recipients. Limited case reports, however, have 
reported successful cessation of bleeding in cases 
of ANCA-associated vasculitis [15, 17]. At this 
time, use of recombinant Factor VII is considered 
“off-label” but further study is warranted for gen-
eral use in cases of diffuse alveolar hemorrhage 
refractory to standard therapy.
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