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Diffuse alveolar hemorrhage

In a child with mild hemophilia
A who underwent bone
marrow transplantation for
thalassemia: a case report
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and Tam Thi Dang*
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Diffuse alveolar hemorrhage (DAH) is a relatively rare complication of bone marrow
transplantation (BMT) associated with a high risk of mortality. It generally occurs in
the early post-transplant phase during severe thrombocytopenia; however, since
most thrombocytopenic cases do not develop DAH, cofactors are at play. Here, we
discuss the case of a 4-year-old male child with mild asymptomatic hemophilia A
discovered on routine evaluation pre-BMT, who developed DAH after a fully
matched sibling BMT for HbE/Beta-thalassemia. The patient presented on day +21
post-BMT with sudden onset of cough followed one day later by hemoptysis. He had
received FVIII supplementation with PTT normalization and FVIII levels of 28%.
A chest CT scan showed interstitial lung disease with areas of ground glass
bilaterally, mainly in the lower lobes. A radiological diagnosis of DAH was made,
and the child was treated with additional FVIII concentrate (Advate), blow-by
oxygen supplementation, red blood cells transfusion, platelet transfusion,
methylprednisolone, tranexamic acid, and antioxidants (vitamin C and E). He
responded well and recovered in a few days. Mild hemophilia associated with
DAH post-BMT has never been reported before, however, it should be considered
as a potentially treatable cause of DAH after BMT. FVIII levels should be part of the
routine workup of children developing DAH post-transplantation. In the presence of
thrombocytopenia, high FVIII levels of >30-40% might be required to prevent/
treat DAH.
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Introduction

Diffuse alveolar hemorrhage (DAH) is a critical condition that
involves the accumulation of blood within the alveolar spaces of the
lung. Although uncommon, it represents a serious complication in
patients undergoing hematopoietic stem cell transplantation (HSCT),
with a high mortality risk (1-7). This condition frequently develops in
the first 30 days post-transplantation (8, 9), and is marked by
shortness of breath, pulmonary infiltrates visible on chest X-ray, and
increasingly blood-stained samples obtained through bronchoalveolar
lavage (10, 11). Robines et al. were the first to report DAH in adults
undergoing autologous transplant (12). Since then, numerous cases
have been documented, involving both transplant-related and non-
transplant-related coagulation disorders (13, 14). The underlying
mechanisms of DAH after transplantation are complex, involving
immune system dysregulation, inflammation, and damage to the
vascular and alveolar structures. In patients with hemophilia, FVIII
deficiency may exacerbate post-transplant bleeding and contribute to
the development of DAH (13).

Case report

A 4 year-old male was diagnosed with HbE/Beta-thalassemia at
age 2 years, and had received monthly red blood cell transfusions
since. He was found to have a fully matched sibling and was
scheduled for HSCT. At pre-transplant evaluation he was found
to have mild hemophilia A, with no history of bleeding, and
borderline low factor VIII levels discovered because of prolonged
PTT at routine pre-anesthesia workup. His baseline FVIII was in the
10-20% range. He had received FVIII supplementation with PTT
normalization and 28% FVIII levels. HSCT preparation consisted of
fludarabine total dose 200 mg/m? and dexamethasone total dose
125 mg/m? on days -40 to -36, fludarabine total dose 180 mg/m2 on
days -11 to -6, busulfan oral total dose 14 mg/kg from day -9 to -6,
cyclophosphamide total dose 200 mg/kg from day -5 to -2. The graft
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source was G-CSF-primed marrow, and rejection/graft vs. host
disease prophylaxis consisted of cyclosporin A and short course
methotrexate. Neutrophil engraftment occurred on day +19. On
day 21 post-BMT, while platelets were 18.000/uL and had received
the last platelet transfusion 3 days before, he developed dry cough,
respiratory distress, and hypoxemia, followed one day later by
hemoptysis. He underwent a lung CT scan and found to have
interstitial lung disease with areas of ground glass bilaterally, mainly
in the lower lobes (Figures 1, 2). FVIII was 28%. He was diagnosed
with DAH and was treated with additional FVIII concentrate
(Advate), blow-by oxygen supplementation, red blood cells
transfusion, platelet transfusion, methylprednisolone, tranexamic
acid, and antioxidants (vitamin C and E). A chest CT repeated the
following day should no hemorrhage progression and partial
reabsorption of the bleeding (Figure 3). Methylprednisolone
therapy was discontinued. The child had a complete clinical and
radiological resolution in 6 days. (Figure 4). He had good
engraftment and otherwise uneventful post-transplant course with
a 4-month follow-up at the time of this report (Table 1).

Discussion

DAH is a rare but potentially life-threatening complication
following hematopoietic stem cell transplantation (HSCT) (15). This
case report highlights a unique presentation of DAH in a pediatric
patient with mild hemophilia A, which, to our knowledge, has not been
previously documented. DAH typically manifests within the early post-
transplant period, coinciding with thrombocytopenia, immune
dysregulation, and inflammatory responses (11). The interplay
between these factors can compromise alveolar-capillary integrity,
leading to hemorrhage. Some studies have suggested that stem cell
source and conditioning regimens containing total body irradiation are
associated with a higher risk of DAH. The use of stem cells from the
umbilical cord was associated with a two-fold higher rate of DAH than
stem cells from peripheral blood or bone marrow (5, 16). For this case,

FIGURE 1
CT scan at the diagnosis time.
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FIGURE 2
CT scan at the diagnosis time.

a conditioning regimen with busulfan, cyclophosphamide, fludarabine,
and dexamethasone was employed. Busulfan may contribute to lung
injury but given the prompt resolution in our case it seems unlikely that
busulfan toxicity played a role (17). Severe thrombocytopenia is a
universal event after standard intensity conditioning, but DAH is quite
rare, suggesting additional predisposing factors such as underlying
coagulopathies may play a role. In this case, the child had mild
asymptomatic hemophilia A, characterized by low baseline FVIII
levels (10-20%), which may have acted as a co-factor exacerbating
the bleeding tendency and DAH (13). The findings underscore the
importance of recognizing coagulopathy as a contributing factor in the
pathogenesis of DAH post-transplantation. Regarding the diagnosis,
the patient’s presentation on day 21 post-BMT with hemoptysis and
radiological findings of ground-glass opacities bilaterally aligns with the
typical imaging characteristics of DAH. Although a bronchoalveolar

lavage was not done to confirm the presence of blood in the alveol, the
diagnosis was based on clinical and radiologic findings. Treatment of
DAH remains a significant challenge despite advancements in
transplantation medicines. Approaches often include high-dose
corticosteroids, adjustments to immunosuppressive therapy, and
supportive measures (4). According to Haider, supportive care may
also include platelet transfusion, procoagulant therapies (19). Recently,
in order to prevent high-dose steroid exposure and improve survival
rates, some novel therapies were investigated. Kalee et al. suggested
inhaled and local hemostatic therapies with some preliminary
suggestion of efficacy and safety (18). Voigt recommended to use
recombinant activated factor VIIa (rFVIIa) in addition to standard
therapy (7).

In our case, prompt intervention, including FVIII concentrate
administration (Advate, recombinant FVIII, used to maintain

FIGURE 3
CT scan one day after diagnosis.
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FIGURE 4
CT scan six day after diagnosis.

FVIIlevels > 60%), blow-by oxygen supplementation, supportive
care (red blood cells and platelet transfusion), corticosteroid,
tranexamic acid, and antioxidants (oral vitamin C and E), led to a
rapid resolution of symptoms and radiological abnormalities.
Maintaining FVIII levels > 60% with Advate, together with platelet
transfusion when counts fell below 20.000/uL, prevented recurrent
bleeding. Pastores et al. suggested keeping platelet counts > 50.000/uL
in similar DAH cases post-transplant (7). This highlights the
importance of early diagnosis and tailored management in
improving outcomes.

In fact, the true prevalence of mild and asymptomatic FVIII
deficiency is not known since many patients go undiagnosed,
particularly in Asia (20), and the possibility of this condition
underlying DAH should be kept in mind, particularly because it is a
highly treatable cause, presumably with a good prognosis. While FVIII
supplementation normalized PTT and improved FVIII levels, the
residual coagulopathy may have predisposed the patient to bleeding
complications in the presence of severe thrombocytopenia. This finding
suggests that higher FVIII levels (>30-40%) might be required to mitigate
the risk of DAH in patients with hemophilia A undergoing HSCT.

TABLE 1 Clinical course, investigations, and management timeline of the patient.

Day (relative to HSCT)

Event/clinical findings

Intervention/management

Outcome

Conditioning regimen: fludarabine,

Day -40 to -2 dexamethasone, busulfan, Standard HSCT preparation —
cyclophosphamide
Hematopoietic stem cell transplantation .
Cycl A + short-
Day 0 (fully matched sibling, G-CSF primed yclosporine A + snort-course . —
methotrexate for GVHD prophylaxis
marrow)
Day +19 Neutrophil engraftment achieved — Platelet count remained low
Sudden d h, iratory distress,
Day +21 uaden ry COUg 1, respiratory cistress — Clinical deterioration
hypoxemia; platelets 18,000/pL
FVIII trate (Advate), blow-by O,,
Hemoptysis; CT scan: bilateral ground- concen'ra ¢ (Advate) Ow_ e
. R i RBC transfusion, platelet transfusion, -
Day +22 glass opacities (lower lobes) — diagnosis . . Stabilized
of DAH methylprednisolone, tranexamic acid,
antioxidants (vitamin C & E)
No h hi ion; partial
Day +23 Repeat CT scan ° emo-rr 8¢ progression; partia Clinical improvement
reabsorption
Day +27 — Discontinued methylprednisolone Further recovery
Complete clinical and radiological
Day +28 — Continued supportive care omplete cinical and radiologica

Month 4 (follow-up)
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Outpatient evaluation —

resolution

Good engraftment, no recurrent bleeding;
stable
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Conclusion

This case highlights the rare occurrence of diffuse alveolar
hemorrhage (DAH) in a pediatric patient with mild hemophilia A
following hematopoietic stem cell transplantation (HSCT). Routine
evaluation of FVIII levels should be considered for male children
developing DAH after HSCT.
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