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CASE REPORT

Diffuse alveolar hemorrhage (DAH) is a life-threatening pulmonary
complication in patients with hematologic malignancies or autoimmune
disorders, and it has a high mortality rate. The current treatment options of
corticosteroids, transfusions, and immunosuppressants have been limited and
largely unsuccessful, and they can be accompanied by multiple complications.
Intrapulmonary administration of recombinant activated factor VII (rFVIIa)
has been reported in adults, but there are scarce data on its use in children.
The present article reviews our institutional experience with intrapulmonary
rFVIIa for the treatment of DAH in children. The study included 6 pediatric
patients with acute, bronchoscopically conﬁrmed DAH treated between 2011
and 2013. The median age was 11 years, and patient diagnoses were as
follows: acute myeloid leukemia (2 patients), myelodysplastic syndrome
(1 patient), hemophagocytic lymphohistiocytosis (1 patient), T-cell
lymphoblastic lymphoma (1 patient), and idiopathic pulmonary hemosiderosis
(1 patient). These patients were treated with intrapulmonary rFVIIa
concurrent with methylprednisolone, fresh-frozen plasma, and maintenance of
the platelet count .50 000/mm3. Complete and sustained hemostasis after
rFVIIa treatment and an absence of adverse events were observed in all
patients. The PaO2/fraction of inspired oxygen ratio increased signiﬁcantly,
and rapid clinical improvements were observed. Two patients who received
hematopoietic stem cell transplantation died of subsequent respiratory
syncytial virus and Acinetobacter baumannii infections, but the other 4
patients exhibited rapid improvement, were successfully weaned from
ventilators, and experienced long-term survival. Our ﬁndings indicate that
intrapulmonary administration of rFVIIa is an effective and safe treatment
option for children with DAH; however, further clinical studies are needed.

INTRODUCTION
Diffuse alveolar hemorrhage (DAH)
is characterized by widespread
bleeding into the alveoli due to injury
to the alveolar capillary endothelium
and alveolar inﬂammation.1–3
Extensive pulmonary inﬂammation
leads to abundant intra-alveolar
expression of tissue factor, resulting
in marked increases in molecular
markers of thrombin generation in
bronchoalveolar lavage ﬂuid.

For pulmonary hemorrhage, treatment
has relied on different nonspeciﬁc
treatment modalities without
evidence of efﬁcacy. Recently, some
reports have recommended the
intrapulmonary use of recombinant
activated factor VII (rFVIIa).4 Our data
on the use of this agent in children,
however, are scarce.5 We report here
our institutional experience with
intrapulmonary rFVIIa for the
treatment of DAH in children.
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This study included 6 pediatric
patients diagnosed with DAH and
treated at Haeundae Paik Hospital
between 2011 and 2013. The detailed
characteristics of the patients are
presented in Table 1. Two patients
(unique patient numbers [UPNs] 1
and 6) had previously received
hematopoietic stem cell
transplantation (HSCT). DAH
developed on day 31 and day 30 after
HSCT, respectively. UPN1 had
received total body irradiation
(900 cGy), ﬂudarabine (75 mg/m2),
and cyclophosphamide (120 mg/kg)
as a conditioning regimen. UPN6 had
received a conditioning regimen
consisting of busulfan (8.8 mg/kg),
ﬂudarabine (150 mg/m2),
cyclophosphamide (100 mg/kg), and
rabbit antithymocyte globulin
(7.5 mg/kg). UPN1 experienced
grade IV hemorrhagic cystitis and
thrombotic microangiopathy (TMA),
and UPN6 developed grade III hepatic
sinusoidal obstruction syndrome
(SOS) and cytomegalovirus
antigenemia. UPN2 developed acute
respiratory distress and a massive
pulmonary hemorrhage on day 5 of
induction chemotherapy, and he was
believed to have cytarabine syndrome
(fever, myalgia, bone pain, nonspeciﬁc
rash, conjunctivitis, and occasionally
pericarditis and acute respiratory
distress syndrome) while undergoing
treatment with cytarabine.6,7 UPN3
had been admitted for chickenpox
infection during continuation
chemotherapy and developed
6-mercaptopurine–associated hepatic
SOS and chickenpox pneumonia

despite intravenous acyclovir
treatment. Eleven days after
admission, he had difﬁculty in
breathing, coughing, and hemoptysis.
The patient was intubated, and fresh
blood spurted from the endotracheal
tube. UPN4 was admitted to the ICU
for hemoptysis and acute respiratory
failure at the time of diagnosis. He
had marked thrombocytopenia and
severe disseminated intravascular
coagulation (DIC); chest radiographs
showed diffuse alveolar inﬁltrates,
indicating pulmonary hemorrhage.
UPN5 was admitted to the ICU for
acute respiratory distress and
hemoptysis. Her hemoglobin level
decreased to 3.3 g/dL, and chest
radiograph showed bilateral alveolar
inﬁltrates indicating pulmonary
hemorrhage. She was intubated and
placed on a mechanical ventilator;
bronchoscopy revealed ongoing,
active bleeding bilaterally from the
bronchial trees.
All patients were treated with rFVIIa
(NovoSeven, NovoNordisk, Bagsvaerd,
Denmark) administered by
bronchoscopy (Table 2). The dose of
rFVIIa was ∼50 mg/kg, dissolved in
25 to 50 mL of normal saline by
bronchoalveolar lavage with 5 to
10 mL in each of the 5 main bronchi.8
The treatment efﬁcacy of rFVIIa was
graded as an excellent, good, or poor
response. An excellent response was
deﬁned as complete and sustained
hemostasis after a single treatment
with rFVIIa; a good response was
deﬁned when repeated
intrapulmonary administrations were
required to obtain hemostasis; and
a poor response was deﬁned as the

TABLE 1 Patient Characteristics
UPN

Gender

Age

Diagnosis

History Before DAH

1
2
3
4
5
6

Female
Male
Male
Male
Female
Female

11 y
15 y
6y
14 y
11 y
10 mo

MDS
AML
T-LL
AML
IPH
HLH

UCBT, HC, and TMA
Day 5 of induction chemotherapy, DIC, cytarabine syndrome
Maintenance chemotherapy, chickenpox infection, hepatic SOS
DIC
History of recurrent pneumonia and iron-deﬁciency anemia
uPBSCT, CMV infection, hepatic SOS

AML, acute myeloid leukemia; CMV, cytomegalovirus; HC, hemorrhagic cystitis; HLH, hemophagocytic lymphohistiocytosis;
IPH, idiopathic pulmonary hemosiderosis; MDS, myelodysplastic syndrome; T-LL, T-cell lymphoblastic lymphoma; UCBT,
umbilical cord blood transplantation; uPBSCT, unrelated peripheral blood stem cell transplantation.

lack of any effect on bleeding.8 For
UPN6, the rFVIIa immediately spewed
from the endotracheal tube with
a massive amount of blood as soon as
it was administered, and the
bronchoscope was removed. The
second dose was administered
30 minutes later, and immediate
hemostasis was observed. All patients
exhibited immediate cessation of
pulmonary bleeding, and
complications associated with rFVIIa
were not observed in any of the
patients. All patients received
concurrent corticosteroids; 4 received
high-dose methylprednisolone
(15–30 mg/kg per day for 3 days),
and the other 2 patients (UPN3 and
UPN4) received a lower dose of
methylprednisolone (2 mg/kg per
day for 5 days). Supportive treatment
was continued, including platelet
transfusions, to maintain platelet
counts .50 000/mm3 and infusions
of fresh-frozen plasma and
cryoprecipitates.
For all patients, the PaO2/fraction of
inspired oxygen ratios signiﬁcantly
increased on subsequent days
(P = .03) (Fig 1), and 5 patients were
successfully weaned from ventilators
within a few days (median: 2 days;
range: 1–7 days). However, 3 of the
6 patients developed signiﬁcant
infections. UPN1 developed
respiratory syncytial virus
pneumonia and died of respiratory
failure with diffuse lung ﬁbrosis after
54 days of DAH (day 85 of umbilical
cord blood transplantation). UPN2
developed carbapenem-resistant
Pseudomonas aeruginosa sepsis, and
UPN6 developed carbapenemresistant Acinetobacter baumannii
infection. UPN2 was successfully
treated with colistin and tigecycline,
but UPN6 died of septic shock after
21 days of DAH. The remaining
3 patients experienced no signiﬁcant
complications. UPN3 and UPN4
successfully ﬁnished chemotherapy
and were doing well at 28 and
20 months, respectively. UPN5 was
diagnosed with idiopathic pulmonary
hemosiderosis according to lung
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TABLE 2 Treatment Outcomes of Intrapulmonary rFVIIa Treatment
UPN

No. of
Dose, mg/kg rFVIIa Effects Complications
Time to
Rebleeding After
FEV1/FVC Ratio
Administrations
Weaning, d rFVIIa Treatment (Times After DAH)

1
2

1
1

60
45

Excellent
Excellent

No
No

7
2

No
No

NA
88% (3 mo)

3
4
5
6

1
1
1
2

43
52
57
63

Excellent
Excellent
Excellent
Good

No
No
No
No

5
2
1
No

No
No
No
No

85% (4 mo)
97% (4 mo)
86% (3 mo)
NA

Survivala
Death due to RSV pneumonia (+54 d)
Survived but died with relapsed
leukemia (16 mo)
Survived (28 mo)
Survived (20 mo)
Survived (27 mo)
Death due to septic shock (+21 d)

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; NA, not available; RSV, respiratory syncytial virus.
a Survival to hospital discharge (the date of death or last follow-up after DAH).

biopsy results after recovery. She did
not experience DAH again on
maintenance therapy with
methotrexate over 27 months. UPN2
died of relapsed leukemia after
16 months of DAH.

DISCUSSION
DAH can develop after HSCT,
chemotherapy, sepsis, and DIC, as
well as in patients with autoimmune
disorders; mortality rates exceed
75% in patients with acute
macroscopic hemorrhage.1,9 It has
been recommended that treatment of
DAH be based on the underlying
cause of hemorrhage, with
corticosteroids as a mainstay of
treatment in most cases, aimed at
reducing possible acute inﬂammatory
responses to hemorrhage induced by

lung alveolar epithelial swelling,
thrombotic microangiopathy, and
inﬂammatory cells and
cytokines.10–13
DAH after HSCT is a grave
complication that signiﬁcantly
increases treatment-related mortality.
Although initially described after
autologous transplantation, recent
reports have suggested an increasing
frequency of this complication after
allogeneic transplantation (up to
20%).2 The cause of DAH after HSCT
is not fully understood; vascular
damage and inﬂammation from
chemotherapy and total body
irradiation used in the conditioning
regimen, immunologic causes such as
allogeneic stem cell sources, and
graft-versus-host disease,
thrombocytopenia, renal

FIGURE 1
The changes in PaO2/fraction of inspired oxygen FIO2 ratio after rFVIIa treatment.

insufﬁciency, and pulmonary
infection have been implicated.2,14
The recommended treatment regimen
for DAH in HSCT recipients includes
the early use of high-dose
corticosteroids, platelet transfusions,
and mechanical ventilator support for
acute respiratory failure. Treatment
with high-dose corticosteroids is
typically initiated with intravenous
methylprednisolone, 500 mg to
2 g/day for the ﬁrst 3 to 5 days,
followed by a gradual tapering over
the next 2 to 4 weeks.9,15,16 However,
despite the widespread use of highdose corticosteroids for DAH, the
overall mortality has remained
high.14 The increased risk of
opportunistic infections from fungal
or atypical organisms remains
a serious and possibly fatal
complication of high-dose
corticosteroid use, especially in
immune-compromised hosts after
HSCT.
Previous reports on the use of rFVIIa
for active bleeding have focused on
intravenous administration; however,
satisfactory hemostasis has been
achieved by multiple doses of rFVIIa,
although these effects were transient
in some cases.13,14,16,17 For the use of
rFVIIa for pulmonary hemorrhage,
there is a gap between the alveolar
compartment, where the effective
drug-related receptors are located,
and the vascular compartment.
Intravenously administered rFVIIa
might not reach the receptors in the
alveoli sufﬁciently because they do
not pass the alveolar-capillary
membrane barriers. This effect
requires higher doses of rFVIIa
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(90–270 mg/kg)13,16,18 and is
associated with a higher risk of
adverse systemic effects.4,19,20
Thromboembolic complications are
associated with higher doses of
rFVIIa,21,22 and there has been
serious concern regarding the use of
rFVIIa in children at increased risk
for thromboembolic events, including
those with DIC, hepatic SOS, and
TMA.18,23,24
Recently, adult studies have reported
the successful use of intrapulmonary
rFVIIa for DAH. Even in severe
macroscopic pulmonary bleeding,
patients have been shown to respond
rapidly. These effects are due to
combined rFVIIa and its receptor
tissue factor in the alveoli causing
balanced and durable hemostases
with improvement in oxygen
transport capacity.25 These effects
also explain the lack of systemic
adverse effects with locally
administered rFVIIa.4
However, other than treatment of the
underlying disease, such as with
plasmapheresis, corticosteroids, and
antibiotics, there has been no
proposed intervention that can
ensure pulmonary hemostasis in DAH
in children. Our patients were treated
with intrapulmonary rFVIIa, along
with aggressive platelet, fresh-frozen
plasma and corticosteroid treatment.
They demonstrated rapid resolution
of bleeding after 1 or 2 doses of
rFVIIa and did not experience further
bleeding episodes without additional
doses of rFVIIa. Most were at high
risk for thromboembolic events (DIC,
hepatic SOS, and TMA), but none
developed any thromboembolic
complications.
Conversely, 2 patients who had
received HSCT succumbed to
infectious complications, which were
implicated by pulmonary ﬁbrosis as
a reaction to DAH, compromised
immune status after transplantation,
and concomitant use of high-dose
corticosteroids. Although
inﬂammation is believed to play
a role in the pathogenesis of DAH, the

use of high-dose corticosteroids can
lead to overwhelming infections, such
as in our cases.

7. Andersson BS, Luna MA, Yee C, Hui KK,
Keating MJ, McCredie KB. Fatal
pulmonary failure complicating highdose cytosine arabinoside therapy in acute
leukemia. Cancer. 1990;65(5):1079–1084

Although this study was limited by
the small number of patients, it shows
that intrapulmonary rFVIIa can be
successfully used in pediatric patients
with DAH without signiﬁcant
thromboembolic complications. We
propose that intrapulmonary rFVIIa
be considered early in the treatment
of DAH in children at high risk, in
addition to treating the underlying
disease. Additional clinical data
including larger numbers of pediatric
patients are needed, and considering
the adverse effects of high-dose
corticosteroids, the issue of
optimization of corticosteroids
requires serious thought and the
emergence of some type of
consensus.

11. Newsome BR, Morales JE. Diffuse
alveolar hemorrhage. South Med J. 2011;
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