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A B S T R A C T

Diffuse alveolar hemorrhage (DAH) is a life-threatening condition requiring prompt recognition.
Conventional therapy, even when initiated early, may not have an immediate effect, and in se-
vere cases, bleeding can persist despite treatment. We report the case of a previously healthy 33-
year-old male who developed DAH secondary to granulomatosis with polyangiitis, resulting in
respiratory failure and the need for mechanical ventilation. High-dose corticosteroids, plasma ex-
change, and remission induction with cyclophosphamide failed to control bleeding, leading to se-
verely impaired gas exchange. 20 mcg/kg of systemic recombinant activated Factor VII (rFVIIa),
a dose lower than previously reported for management of DAH, resulted in hemostasis and im-
proved oxygenation after only three doses. No complications were observed, and our patient was
liberated from ventilatory support eight days later. In the setting of DAH with refractory bleed-
ing, hemostasis may be achievable with a lower dose of rFVIIa than commonly used, potentially
mitigating the risk of dose-dependent side effects.

1. Introduction
Diffuse alveolar hemorrhage (DAH) is a life-threatening condition that manifests as a clinical constellation of hemoptysis, anemia,

radiographic infiltrates, and hypoxemia. While no consensus exists regarding its classification, etiologies of DAH are commonly
grouped in accordance with their histopathologic findings, which include pulmonary capillaritis, bland pulmonary hemorrhage, and
diffuse alveolar damage [1]. Pulmonary capillaritis, which is typically mediated by autoimmunity, is the most common histopatho-
logic finding, accounting for 88% of cases in one small study; among the causes of capillaritis in this study, systemic vasculitis was
most common [2].

The antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides, in particular granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis, are known for their association with pulmonary capillaritis [3], and alveolar hemorrhage may be the
presenting manifestation. DAH, regardless of the etiology, is a life-threatening condition that warrants immediate and aggressive
treatment. For patients with GPA presenting with acute, severe disease (including DAH), treatment consists of high-dose corticos-
teroids and remission induction with either cyclophosphamide or rituximab [4]. The role of plasma exchange for severe disease re-
mains controversial following a clinical trial that showed no mortality benefit [5], although many experts still recommend its use [6].

In spite of appropriate and prompt treatment, the mortality rate for DAH remains high, particularly in patients requiring mechani-
cal ventilation [7,8]. The effect of first-line therapies is not immediate: plasma exchange is a labor intensive process requiring time to
initiate, and the systemic effects of corticosteroids can take up to 8 hours [9]; in some cases, there may not be an initial response to ei-
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ther. In the setting of refractory hemorrhage, adjunctive therapy is required to preserve gas exchange and minimize blood loss while
waiting for immunosuppression to take effect. In this clinical scenario, recombinant activated Factor VII (rFVIIa) is a potential thera-
peutic option.

2. Case presentation
A 33-year-old otherwise healthy male presented to the emergency department with dyspnea, non-productive cough, myalgias, and

fevers as high as 40 °C at home. On arrival, his blood pressure was 122/67 mmHg, heart rate 78 beats per minute, temperature
36.6 °C, respiratory rate 18 breaths per minute, and SpO2 96% while breathing ambient air. He appeared acutely ill but breathing at
rest was non-labored. Physical examination was notable for the presence of scattered rhonchi and palpable purpura over the back and
buttocks.

Initial laboratory evaluation was notable for a C-reactive protein of 184 mg/dL [0.0–8.0], hemoglobin of 13.7 g/dL [13.3–17.7],
platelet count of 140 × 109/L [150–450], and creatinine of 0.85 mg/dL [0.66–1.25]. Chest radiograph initially demonstrated mixed
interstitial and airspace opacities in the left mid-lung and right upper lobe (Fig. 1). Computed tomography of the chest revealed con-
solidation in the dependent portion of the lung bases and upper lobes (Fig. 2). Blood and sputum samples were collected for culture
and empiric antibiotics were started.

Supplemental oxygen requirements increased throughout the first 48 hours of admission. Due to failure to respond to initial an-
tibiotic therapy and concern for alveolar hemorrhage, bronchoscopy was performed on hospital day 3. Frothy, hemorrhagic secre-
tions were observed throughout the proximal airways. Bronchoalveolar lavage of the posterior subsegment of the right upper lobe re-
vealed progressively hemorrhagic return, consistent with a diagnosis of DAH.

Within several hours of bronchoscopy, the patient required transfer to the intensive care unit due to increased work of breathing
and oxygen requirements. A repeat chest radiograph demonstrated significant interval increase in infiltrates bilaterally (Fig. 1). High-
dose methylprednisolone (1 g daily) was initiated for treatment of DAH, but due to progressive respiratory distress, the patient re-
quired intubation shortly after transfer and plasma exchange was initiated. Serologic testing, obtained shortly after presentation, sub-
sequently returned as positive for cytoplasmic-ANCA of 1:160 [< 1:10] and proteinase-3 IgG antibody of 2.3 AI [0.0–0.9], consistent
with a diagnosis of GPA.

Alveolar hemorrhage persisted in spite of immunosuppression with steroids, remission induction with cyclophosphamide (750
mg/m2 x 1), and plasma exchange, necessitating multiple transfusions of red blood cells. In the setting of persistent hemorrhage and
severe hypoxemia, we elected to administer systemic rFVIIa (20 mcg/kg every 8 hours for three doses) on hospital day 5. Following

Fig. 1. Initial chest radiograph demonstrating the presence of mixed interstitial and airspace opacities in the left mid-lung and right upper lobe (left panel). Subsequent
chest radiograph prior to intubation demonstrating interval worsening (right panel).

Fig. 2. Axial slice from computed tomography demonstrating consolidative opacities in the dependent portion of the upper lobes and adjacent areas of ground glass
opacities.
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the administration of rFVIIa, there was an appreciable decrease in the amount of bloody airway secretions and gas exchange im-
proved significantly. Our patient was extubated five days later on hospital day 10.

3. Discussion
We present a case of life-threatening DAH, with refractory hemorrhage in spite of first-line therapies, in which hemostasis was suc-

cessfully obtained using systemic rFVIIa. rFVIIa is an activated clotting factor approved for use in patients with hemophilia who have
developed inhibitors of coagulation (antibodies to clotting factor), rendering standard treatment with Factor VIII and Factor IX con-
centrates ineffective [10]. It has also been used (‘off-label’) outside the realm of acquired or congenital Factor deficiencies in cases of
severe or refractory bleeding, including DAH. No clinical trials have demonstrated the safety or efficacy of rFVIIa for treatment of
DAH, and the optimal dose, frequency, and duration of therapy remain uncertain. The risk of side effects, most notably thrombosis
[11], remains an important consideration.

In a single-center retrospective analysis of rFVIIa use for refractory hemorrhage, twenty-three patients with DAH received sys-
temic rFVIIa over a ten-year period; patients with vasculitis had more favorable outcomes than those with other causes of DAH, with
eight out of nine patients surviving [12]. Multiple case series have also reported successful treatment of refractory alveolar hemor-
rhage with intrapulmonary administration of rFVIIa (using a bronchoscope for delivery) [13,14]. Compared to the systemic route,
lower doses of rFVIIa have been used successfully with intrapulmonary administration, potentially reducing the risk side effects.

A comprehensive review recently identified 111 cases of DAH treated with either systemic or intrapulmonary rFVIIa [15]. Among
patients who received systemic rFVIIa, single or repeated doses ranging from 35 to 200 mcg/kg were used, with an average of 250
mcg/kg/episode. Patients receiving intrapulmonary rFVIIa, however, achieved hemostasis with considerably lower doses (50 mcg/
kg/episode) and, unlike systemic administration, no thromboembolic events were reported.

While the mechanism underlying the increased efficacy of intrapulmonary rFVIIa is not known with certainty, a potential explana-
tion may be the tissue factor (TF)-dependent activity of rFVIIa. rFVIIa affects hemostasis through two separate pathways: at pharma-
cologic doses, rFVIIa binds to activated platelets, leading to enhanced thrombin generation, downregulation of fibrinolysis, and for-
mation of a fibrin-rich hemostatic plug. Alternatively, rVIIa can bind to TF, leading to a thrombin burst at the site of injury [16]. In
acute lung inflammation, expression of TF by alveolar epithelium is upregulated [17]. DAH may act similarly with respect to in-
creased local expression of TF, resulting in enhanced interaction with TF (and by extension coagulation) when rVIIa is administered
via the intrapulmonary route.

However, lower doses of systemic rFVIIa have proven effective for other ‘off-label’ purposes, including management of bleeding
after cardiopulmonary bypass [18]. In this case of refractory DAH, three doses of only 20 mcg/kg rFVIIa administered systemi-
cally—comparable to the lower doses used with intrapulmonary administration, resulted in a significant decrease in hemorrhage and
improved oxygenation. This suggests that in some patients with DAH, lower doses of systemic rFVIIa than traditionally used may not
only attenuate bleeding, but also avoid the risk of side effects typically associated with higher systemic doses while obviating the need
for additional resources (i.e. bronchoscopy) required for intrapulmonary administration.

4. Conclusion
DAH is a life-threatening complication of GPA. In addition to supportive cares, first-line therapy includes high-dose corticos-

teroids, remission induction with either cyclophosphamide or rituximab, and potentially plasma exchange. First-line therapies can
fail to achieve hemostasis, resulting in inadequate gas exchange and/or the need for large volumes of transfused blood cells. While
higher doses of rFVIIa are often required when administered systemically, lower doses than previously reported may be effective for
hemostasis, potentially reducing the risk of side-effects.
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