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Abstract

Systemic lupus erythematosus is associated with numerous pleuropulmonary complications. 

Although uncommon, diffuse alveolar hemorrhage represents a life-threatening cause of acute 

respiratory failure among patients with lupus. Here, we present a 24-year-old woman with a 

history of lupus who developed hemoptysis and respiratory failure associated with diffuse 

radiographic infiltrates and anemia. Bronchoscopy confirmed diffuse alveolar hemorrhage. She 

was managed with supportive care, plasmapheresis, and immunosuppressive pharmacotherapy 

leading to sustained resolution of her pulmonary hemorrhage and respiratory failure. We then 

review the available literature on the pathophysiology and management of lupus-associated diffuse 

alveolar hemorrhage, which centers on supportive care, reversal of coagulopathy, and 

immunosuppressive measures.

SUMMARY FOR TABLE OF CONTENTS

A 24-year-old woman with a history of systemic lupus erythematosus presented with hemoptysis, 

diffuse radiographic infiltrates, anemia, and respiratory failure; bronchoscopy confirmed diffuse 

alveolar hemorrhage. Her condition was managed with supportive care, plasmapheresis, and 

immunosuppression with glucocorticoids, cyclophosphamide, and mycophenolate mofetil. Diffuse 

alveolar hemorrhage represents an uncommon but life-threatening complication of lupus with a 

growing evidence base to support acute and chronic management strategies centered on 

immunosuppressive pharmacotherapy.
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CASE PRESENTATION

A 24-year-old woman with a history of systemic lupus erythematosus complicated by lupus 

nephritis and antiphospholipid syndrome (APS) was admitted to the intensive care unit with 

acute hypoxemic respiratory failure requiring mechanical ventilation (MV). She reported 

fevers, dyspnea and productive cough with streaks of blood for the 2 days prior to 

admission. On presentation, her physical examination was notable for a temperature of 

38.8 °C, blood pressure of 124/70 mm Hg, heart rate of 130 beats per minute, respiratory 

rate of 34 breaths per minute and oxygen saturation of 94% while breathing a 50% fraction 

of inspired oxygen with 10 cm H2O of positive-end expiratory pressure applied via MV. She 

was in severe respiratory distress. Her lung exam was notable for diffuse low-pitched 

wheezes. A loud P2 and systolic murmur were heard over the left upper sternal border. 

Blood tests showed a hemoglobin of 6.5 g/dl (from a baseline of 8 g/dl), a leukocyte count of 

9,100 per cubic millimeter and a platelet count of 200,000 per cubic millimeter. Chest 

imaging revealed diffuse airspace opacities (Figure 1). A diagnostic bronchoscopy with 

serial bronchoalveolar lavages (BAL) of the right middle lobe revealed persistent-to-

increased bloodiness with each aliquot returned (Figure 2). A PCR-based panel testing for 

14 common respiratory viruses, Pneumocystis jiroveci direct immunofluorescence assay and 

respiratory bacterial and fungal cultures were negative. An echocardiogram revealed normal 

left ventricular systolic function, with an ejection fraction calculated as 70%, along with 

mildly decreased right ventricular systolic function and a small circumferential pericardial 

effusion. Based on these findings, the patient was diagnosed with SLE-associated diffuse 

alveolar hemorrhage.

Patient outcome

The patient was supported with lung-protective mechanical ventilation. Empiric antibiotic 

therapy was initiated pending microbiological results from the BAL fluid. 

Methylprednisolone 1,000 mg/day for 3 days followed by a prednisone taper along with 

cyclophosphamide (750 mg/m2 based on adjusted body weight) were administered 

intravenously. Despite these interventions, she continued to require MV support and blood 

transfusions for ongoing bleeding. Therapeutic anticoagulation for APS was transitioned to 

prophylactic dosage to minimize bleeding. Plasmapheresis was performed for 3 days, after 

which she improved. She was extubated on hospital day 7 and discharged on day 11. No 

recurrent bleeding has been reported for the past 10 months and she remains on maintenance 

therapy with mycophenolate mofetil (MMF).

DISCUSSION

Systemic lupus erythematosus is a multisystem autoimmune disorder with protean clinical 

manifestations, including pleuropulmonary disease. DAH is an uncommon yet devastating 

Morales-Nebreda et al. Page 2

Clin Pulm Med. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



complication of SLE, with a reported frequency ranging from 1 to 5.4%, and mortality up to 

92% (1). DAH is typically defined and diagnosed by the presence of respiratory symptoms 

(dyspnea, cough, hemoptysis), diffuse lung infiltrates on chest imaging, acute hemoglobin 

loss (1–2 g/dl) and sequential increase in red blood cells on serial BAL. Chest radiography 

usually shows bilateral airspace opacities. If initial imaging is unrevealing but suspicion for 

DAH remains high, computed tomography (CT) could be warranted. Common CT findings 

include diffuse and patchy ground glass densities along with diffuse nodular opacities (2).

There is no known unifying pathogenic mechanism in the development of DAH. Instead, 

DAH can be associated with pulmonary capillaritis, diffuse alveolar damage and bland 

pulmonary hemorrhage, disorders characterized by distinct histopathological patterns. 

Pulmonary capillaritis is often associated with systemic vasculitides. Common features 

include neutrophilic infiltration and fibrinoid necrosis of interalveolar septa along with 

granular IgG/C3 deposits (3). DAD is characterized by hyaline membrane formation and 

protein-rich alveolar edema. Infection, drug toxicity and noninfectious complications of 

organ transplantation are among the leading causes of DAD. Bland hemorrhage is 

distinguished by the fact that bleeding is not accompanied by inflammation; it is often 

related to elevated left heart filling pressures or bleeding from coagulopathy or 

anticoagulation.

In an effort to identify early predictors of DAH development, investigators have performed 

systematic retrospective reviews of SLE-associated DAH cases and have found significant 

predisposing risk factors. Multivariate analysis demonstrated, as independent risk factors in 

the development of DAH, history of thrombocytopenia and low C3 in one study (1) and 

coexisting neuropsychiatric lupus and high SLE-disease activity index (SLEDAI) in the 

second (4).

The heterogeneity of clinical findings and pathogenic mechanisms along with the difficulty 

and therefore paucity of randomized controlled trials further complicate the management of 

SLE-associated DAH (1, 5). Treatment is based upon the combined experience of multiple 

case series, expert opinion and extrapolation from controlled studies of DAH associated with 

other systemic vasculitides and management of lupus nephritis (6–8) (Table 1). Indeed, there 

are no therapies specifically FDA-approved for SLE-associated DAH. Acute management 

involves supportive care with mechanical ventilation in cases of severe hypoxemia, 

correction of coagulation abnormalities and initiation of antibiotic therapy if infection is 

suspected. Prompt initiation of high doses of glucocorticoids constitute the cornerstone of 

management along with additional immunosuppressive therapy to sustain remission (9–11). 

Traditionally, the alkylating agent cyclophosphamide has been the immunosuppressive agent 

of choice for managing life-threatening manifestations of systemic vasculitides (12). During 

the acute phase of DAH, immediate hemostasis can be achieved with bronchoscopic 

administration of intrapulmonary recombinant factor VIIa (rFVIIa) while awaiting the effect 

of immunosuppressive agents to take effect (13). Also, in cases of refractory hypoxemia, 

supportive care with extra-corporeal membrane oxygenation (ECMO) has been described as 

a temporizing measure while awaiting the effect of pharmacologic agents as a bridge to full 

recovery (14).
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Recent advances in our understanding of the pathogenic mechanisms driving the 

development of DAH highlight the pivotal role played by B lymphocytes and humoral 

immunity (15). In a murine model of pristane-induced DAH, B cell knockout mice (B6 Igμ
−/−) showed a significant protection compared with wild-type (B6) and T cell knockout mice 

(B6 TCR−/−). This protective phenotype disappeared upon adoptive transfer of wild-type 

CD19+ B cells, demonstrating a causal role for B cells in the pathogenesis of DAH (16). 

Accordingly, pharmacologic depletion of B cells with rituximab (anti-CD20 monoclonal 

antibody) or direct removal of circulating antibodies through plasmapheresis have emerged 

as therapeutic approaches in DAH (17–19). Glucocorticoids and cyclophosphamide affect B 

cell development, differentiation and function, thereby explaining their therapeutic efficacy 

in the management of systemic vasculitides (20–22). Interestingly, the most recently 

approved drug by the US FDA for the management of SLE is a human monoclonal antibody 

(belimumab) that neutralizes the B-cell survival factor B-lymphocyte stimulator (BLys), 

which promotes B cell proliferation and differentiation (23). The effect of belimumab 

specifically on SLE-associated DAH remains unknown.

Given that proliferation of both T and B lymphocytes is critically dependent on de novo 
purine synthesis, evidence supporting the use of antimetabolites such as azathioprine and 

MMF has emerged as an alternative therapeutic approach in the management of DAH, 

although antimetabolites are mostly limited to maintenance therapy once remission has been 

achieved (24–26). Based on the immunomodulatory properties of both intravenous 

immunoglobulin (IVIG) and mesenchymal stem cells, investigators have applied these 

therapies to manage different autoimmune diseases and their respective complications, 

including DAH (27). Through production of inhibitory cytokines and cell contact-mediated 

inhibitory molecules (e.g., interleukin 10 and cytotoxic T lymphocyte antigen 4), regulatory 

T (Treg) cells play a key role in the mitigation of autoimmunity (28). The number and 

suppressive function of this important subset of CD4+ T cells is commonly affected in 

patients with autoimmune diseases. Therefore, novel therapies that replenish the Treg cell 

pool or enhance their function might be of therapeutic benefit. Finally, epigenetic 

mechanisms (such as DNA methylation and histone modifications) modulate T and B 

lymphocyte development, differentiation and function, suggesting that epigenetic-based 

therapies (histone deacetylase inhibitors and DNA methyltransferase inhibitors) could 

mitigate and manage autoimmune disease-related complications (29).

CONCLUSIONS

DAH is an uncommon but potentially life-threatening complication of SLE. Emerging data 

suggest that outcomes can be improved with the use of supportive care and 

immunosuppressive pharmacotherapy, including glucocorticoids and steroid-sparing agents 

of multiple classes. Ongoing studies into the pathophysiology of SLE-associated DAH may 

help refine management strategies to limit drug toxicities from these agents while effectively 

inducing and sustaining remission.
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Figure 1. 
An anteroposterior chest radiograph showed diffuse airspace opacities.
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Figure 2. 
Serial bronchoalveolar lavage fluid samples from the right middle lobe showed persistent-to-

increasing bloodiness with each aliquot returned.
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Table 1

Management of systemic lupus erythematosus-associated diffuse alveolar hemorrhage.

Therapeutic Agent Mechanism of Action Clinical Studies in DAH

Glucocorticoids
Suppression of peripheral T helper responses
Regulation of immunoglobulin production and B cell differentiation
Suppression of proinflammatory mediators

Barile et al (11)
Kazzaz et al (1)
Santos-Ocampo et al (30)
Zamora et al (10)
Andrade et al (31)

Cyclophosphamide

Regulation of B cell activation, differentiation and suppression of B 
cell function
Immunoregulatory effects on T cell subsets and activation markers 
(increased effector T cells and plasmacytoid dendritic cells)

Kazzaz et al (1)
Santos-Ocampo et al (30)
Zamora et al (10)
Badsha et al (32)
Canas et al (33)
Koh et al (34)

Rituximab
Elimination of CD20+ B cells
Modulation of costimulatory molecules that mediate B and T cell 
interactions

Narshi et al (17)
Tse et al (19)
Machado et al (35)
Aakjaer et al (36)

Plasmapheresis Direct removal of circulating immune complexes, antibodies and 
cytokines

Jones John et al (18)
Claridge et al (37)

Azathioprine and mycophenolate mofetil Reduction of de novo purine synthesis results in decreased T and B 
cell proliferation

Rashidi et al (24)
Andrade et al (31)
Zamora et al (10)
Santos-Ocampo et al (30)

Immunoglobulin

Immunoregulatory effects including inhibition of B-cell proliferation, 
antibody production and growth factors and cytokines
Anti-inflammatory effect through complement system inhibition and 
Fc receptor blockade on macrophages

Andrade et al (31)
Shen et al (38)
Kwok et al (4)

Mesenchymal stem cells Immunomodulatory effects through inhibition of T, B, NK and 
dendritic cell proliferation and activation

Liang et al (27)
Shi et al (39)

Recombinant factor VIIa
Alveolar hemostasis through formation of FVIIa-tissue factor 
complex, which activates Factor X, ultimately leading to thrombin 
generation and clot formation

Heslet et al (13)
Esper et al (40)

Extracorporeal membrane oxygenation Management of refractory hypoxemia through increased mixed 
venous oxygen content Patel et al (14)
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