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Abstract Control of refractory bleeding in idiopathic pul-
monary hemosiderosis (IPH) is challenging. Based on the
effect of liposteroid (dexamethasone palmitate) for acute
bleeding in two reported cases, the long-term utility was
assessed in all nine IPH children (including the first two
cases) treated in a tertiary center for 20 years. The median
at disease onset was 2.3 years (range, 1.2 to 8.6). All had
life-threatening and/or repetitive bleeding on prednisolone
(PSL) therapy. Liposteroid was intravenously infused at 0.8-
mg/kg/day for three consecutive days at the time of acute
bleeding. Single infusion was followed by a longer interval
from weekly to monthly accompanied by low-dose PSL (less
than 0.3 mg/kg/day). Monthly infusion as maintenance ther-
apy was continued for prophylaxis of bleeding. Treatment
outcomes were retrospectively analyzed. During the observa-
tion period of a median of 11.0 years (range 2.4–16.9 years),
no one died. Five patients were weaned and the other one was
being weaned from liposteroid for the cure or long remission
(median, 5.5 years). Three others were on liposteroid therapy
because of active disease. Neither patient had respiratory
symptoms, although three showed subnormal %vital capacity.

Serum levels of KL-6 and ferritin were normal in all and
all but one patient(s), respectively. Four patients (three on
liposteroid therapy) showed low bone mineral density. There
were no obese patients. Height SD score did not significantly
decrease except for one patient. Conclusion: The liposteroid
therapy might improve the survival of IPH patients with
reducing the adverse effects of steroids, although prospective
control studies are needed.
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Abbreviations
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6MP 6-Mercaptopurine
mPSL Methylprednisolone
MZB Mizoribine
Pt Patient
PSL Prednisolone

Introduction

Idiopathic pulmonary hemosiderosis (IPH) is a rare disorder
causing recurrent bleeding and subsequent hemosiderin ac-
cumulation in the lung [20, 21]. It occurs mostly in children,
characterized by a triad of iron deficiency anemia, diffuse paren-
chymal infiltrates on chest radiographs, and chronic and/or re-
petitive pulmonary symptoms. Affected children have dyspnea,
cough, wheezes, and cyanosis, along with occasional fever and
inflammatory responses. Absent hemoptysis by swallowing
bloody sputa might mislead to the diagnosis of common diseases
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such as pneumonia and gastrointestinal bleeding [30]. The inci-
dence of IPH is estimated to be low at 0.24–1.23 cases per
million [15, 23]. Patients die from acute bleeding and/or progres-
sive cardiopulmonary failure due to hemosiderin deposition and
fibrosis in the lung. The etiology of IPH remains unclear, although
immune-mediated mechanisms are postulated. Local epidemics
might suggest that pulmonary hemosiderosis occurs in the asso-
ciation with triggering factors [2, 5, 10].

More than 60 % of IPH patients died with a median of
survival period of 2.5–5 years in earlier reports [4, 27].
However, the 5-year overall survival rate increased to 67–
86% at the end of last century [14, 23]. The improved survival
might be explained by the early corticosteroid (CS) therapy for
acute bleeding and the CS prophylaxis for recurrent bleeding
[14, 17, 25, 31]. Nevertheless, persistent bleeding and hem-
orrhagic bouts occur unexpectedly even after the long re-
mission [11]. The steady decline in survival beyond 5 years
after diagnosis implied that patients continued to be at risk
of death from massive bleeding after CS therapy was
discontinued [21]. Treatment effects of immunosuppressant
are varied on either acute or chronic bleeding. Prolonged
administration of CS and anti-metabolites such as 6-
mercaptopurine (6MP) and azathioprine (AZA) renders
detrimental effects on the growth and raises the risk of
developing malignancy [6]. No maintenance therapy has
been established for children with refractory IPH.

Liposteroid is the dexamethasone palmitate incorpo-
rated in lipid microspheres. Because liposome is easily
taken up by and retained in phagocytes, it is used for
the treatment of rheumatic diseases in Japan [19]. We
reported that intravenous administration of liposteroid
effectively controlled acute pulmonary bleeding in two
cases with refractory IPH [22]. The drastic effect was
confirmed in other institutions [26]. In the present study,
clinical utility of liposteroid was assessed in terms of
the pulmonary function and adverse effects during and
after the long-term therapy.

Methods

Patients

Eleven Japanese patients less than 15 years of age were
diagnosed as having IPH in Kyushu University Hospital be-
tween 1992 and 2008. Two patients were excluded from the
study because of less than 1 year of therapeutic course; one
2-month-old female (Heiner syndrome: positive precipitating
antibodies against cow’s milk) died with no receiving liposteroid
16 h after the first bleeding. The other 4-year-old female
obtained remission 2 months after liposteroid therapy; the
duration of which was too short to evaluate the long-term

effects. Nine fulfilled the diagnostic criteria of IPH; the clas-
sical triad of iron deficiency anemia, diffuse infiltrates on
chest X-ray, and respiratory signs, along with detection of
siderophages in the gastric lavage fluids or sputa, and no
underlying causes of bleeding. Bleeding and hemosiderosis
in the lung were assessed by high-resolution computed to-
mography, magnetic resonance imaging, and in part histopa-
thology. Liposteroid therapy was started after the informed
consent was obtained from parents.

Liposteroid therapy

Liposteroid (limethasone®, 2.5 mg/ml, Mitsubishi Tanabe
Pharma Co., Osaka, Japan) therapy was introduced when
patients had life-threatening and/or recurrent hemorrhagic
bouts during the treatment course. It was intravenously in-
fused at 0.8 mg/kg/day for three consecutive days at the time
of acute bleeding [22, 26], after the obtainment of informed
consent from parents. The single infusion was followed by
the step-up widening interval from weekly to monthly ac-
companied by low-dose oral prednisolone (PSL) (less than
0.3 mg/kg). When bleeding recurred, the 3-day liposteroid
therapy was followed by intermittent infusion in the same
manner. Monthly infusion was given for at least 4 years as
long as subclinical, persistent, and/or abrupt bleeding con-
tinued. Immunosuppressants (MZB) were limitedly added
to the patients who did not attain the maintenance monthly
infusion.

Assessment on the late effects

During the treatment course, complete blood counts, liver and
kidney functions, iron profiles, and diabetic and ophthalmo-
logic screenings were examined. Chest X-ray, and/or comput-
ed tomography of the lung were assessed at the bleeding.
Height and weight weremeasured by a Harpenden stadiometer
and an electronic scale, respectively. Body mass index (BMI)
was calculated to assess the degree of obesity [9, 16]. Height
was transformed into a standard deviation (SD) score for
chronological age and sex, based on the standard growth
charts for Japanese children [28], or those with Down
syndrome [13]. Bone mineral density (BMD) was mea-
sured with a Hologic densitometer. Target heights were
calculated by the heights of parents. Pulmonary function
was assessed by the values of vital capacity as percent of
predicted (%VC) and forced expiratory volume in 1 s as
percent of forced vital capacity (FEV1.0 %) measured on
the spirometry. Serum KL-6 levels were monitored as an
active and sensitive marker of pulmonary fibrosis [32]. The
present quality of life was assessed by the activity in school
and preschool life (the Karnofsky Performance Status
Scale).
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Results

Treatment courses

Demographics of IPH patients are shown in Table 1. Male to
female ratio was 4 to 5. Median age at the disease onset was
2.3 years (range, 1.2 to 8.6). Patient (Pt) 1 and Pt 4 were
reported previously [22]. Pt 1, Pt 2, and Pt 8 were born as low-
birth-weight infants. Pt 9 had trisomy 21. However, they had
no any cause of pulmonary bleeding at diagnosis. Pt 5 might
be sensitive to milk, but had no specific antibodies against
cow’s milk. No patient was positive for anti-neutrophil cyto-
plasmic autoantibody. Two had very low titers of anti-nuclear
antibody but did not develop autoimmune diseases. Despite
the favorable control of bleeding, Pt 9 suffered from thyroid-
itis 6 years after the onset of IPH.

Seven received blood transfusions at the first presentation,
when a median of hemoglobin level was 5.0 g/dl (range, 2.7 to
7.4). Liposteroid therapy was started in six patients for uncon-
trollable bleeding by high-dose PSL with or without high-dose
methyl-PSL (mPSL) pulse therapy (30 mg/kg/day for 3 days),
and one (Pt 8) for the most severe first bleeding with shock
(Fig. 1). The liposteroid therapy was early introduced to Pts 2,
3, and 9. Prior to liposteroid therapy, three patients received
immunosuppressants of AZA, cyclosporine-A (CSA). No pa-
tient died during the observation period (median, 11.0 years;
range, 2.4–16.9 years).

Treatment effects on the pulmonary function

Three patients (Pts 1, 2, and 3) attained cure based onmore than
1.4 years of medication-free remission (Fig. 1 and Table 2). Pt 4

weaned liposteroid on tapering dose of PSL. Pt 5 was being
weaned from liposteroid therapy for more than 2 years of
remission. Three others (Pts 7, 8, and 9) were on liposteroid
therapy less than 2 years after the last bleeding. Of the three
patients, Pt 7 had poor adherence to the therapy. Because his
parents refused the hospitalization at bleeding attacks, Pt 7
required the increased doses of PSL and liposteroid as an
outpatient (Fig. 1). At the time of study, no one had anemia
or respiratory problem at rest. Pts 1, 5, and 7 showed less than
80 % of predicted VC, and Pt 7 only showed mild dyspnea at
hard exercise (Table 3). Spirometry was not completed in two
patients for the lack of skill. Serum levels of KL-6 and ferritin
were normal in 9 and 8 patients, respectively.

Late effects on the growth and quality of life

Anthropometric measurements are shown in Table 3. No
patients showed cushingoid face, hypertension, striae cutis,
pathological bone fracture, obesity (all BMI z score <2), and
steroid-induced visual impairment at the time of study. Four
patients (Pts 5, 7–9) showed low BMD (z score<−2). All
four evaluable patients attained more than 85 % of target
height. The height of Pt 9 was normal for Japanese Down
syndrome (±0.5SD), although the SD score was less than
−2.5. The height SD scores of seven patients were within
−2.5, but the score of Pt 7 who was only less adherent to the
therapy was −3.9. The SD scores of height (p=0.154) and
weight (p=0.308) did not significantly differ between at the
disease onset and at present (Fig. 2). All six patients with
cure or long remission had complete performance scores and
no restriction of exercise in school life at the time of study.
Three others on active disease attended school or preschool

Table 1 Clinical profile of patients with idiopathic pulmonary hemosiderosis who received liposteroid therapy

Pt Sex Onset Prior treatment Associated conditions Outcome

Age (years,
months)

Hb g/dl Blood
transfusion

Milk
allergy

History / Disease Late
event

1 M 1,10 4.9 Yes HD-mPSL PSL CSA No LBWI (26 W 974 g),
ROP, No CLD

No Alive

2 F 2,4 6.0 Yes No No No No LBWI (35 W 2,138 g),
Asphyxia, Diaphrag.
hernia, GER

No Alive

3 M 1,4 3.9 No No No No No No No Alive

4 F 1,2 5.0 Yes HD-mPSL PSL No No No ANA 40 Alive

5 F 5,4 6.9 No No PSL AZA,CSA Susp. No ANA 40 Alive

6 F 8,7 6.1 Yes No PSL AZA No No No Alive

7 M 2,0 2.8 Yes No PSL No No No No Alive

8 F 3,1 2.7 Yes HD-mPSL PSL No No LBWI (26 W 822 g),
History of CLD type1

No Alive

9 M 5,9 7.4 Yes No No No No 21 trisomy,
Hirschsprung disease

thyroiditis Alive

HD-mPSL high-dose methyl-prednisolone pulse, PSL prednisolone, CSA cyclosporine-A, AZA azathioprine, LBWI low birth weight infant, ROP
retinopathy of prematurity, CLD chronic lung disease, GER gastro esophageal reflux, PDA patent ductus arteriosus, ANA anti-nuclear antibody
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without infection proneness during themaintenance liposteroid
therapy.

Discussion

The notable findings in the observational study were (1) no
death during and after the long-term liposteroid therapy, (2)
complete cure or long remission in more than 65 % patients,
and (3) favorable pulmonary functions and tolerable effects of
CS accumulation. The declining pattern of height SD score
might be associated with lower BMD on active disease. The
liposteroid therapy could improve the survival and quality of
life in CS-dependent IPH children. Further prospective studies
are needed to optimize the therapy in large number of patients.

The treatment practice of IPH has not changed over the last
decade. Lung-specific autoimmunity has been implicated for
the pathogenesis. Matrix metalloproteinases and the inhibitors
might be associated with the progressive damage and remod-
eling of the lung tissue [29]. Clinical application of high-dose
γ-globulin or rituximab remains elusive, since no pathogno-
monic factors for IPH have yet been identified. The rare
disease is hard to diagnose for the infrequent hemoptysis
[24]. Lung biopsy has less diagnostic importance, because
the intervention raises a risk of bleeding and only excludes
secondary causes of pulmonary bleeding. In our series of
patients, not all patients underwent lung biopsy because of
the severity at diagnosis. If poor prognostic diseases such as
pulmonary capillaritis were included, the outcomes could be
more impressive. Treatment effects of high-dose CS therapy

Fig. 1 Therapeutic course and cumulative dose of steroids and immu-
nosuppressant. The dosages of liposteroid and methylprednisolone
(mPSL) (mg/kg of body weight) were calculated to the equivalent doses
of prednisolone (PSL) based on the anti-inflammatory potency. In
therapeutic course, open marksmean initiation of each drug, and closed
marks mean the discontinuation of each drug. The circles mean PSL
and the squares mean liposteroid. The star signs mean the hospitaliza-
tion due to bleeding attacks. The open star signs indicate the bleedings

that were treated with oral PSL/3-day liposteroid therapy. The closed
star signs indicate the bleedings which required additional high-dose
mPSL pulse therapy. The solid lines indicate the period of steroid
therapy and the dashed lines indicate the observation period (off ther-
apy). The arrowed lines under the solid lines indicate the period of
immunosuppressant administration. AZA: azathioprine, CSA: cyclo-
sporine-A, mPSL: methylprednisolone, MZB: mizoribine, PSL: pred-
nisolone, Pt: patient

Table 2 Present state of patients
treated with liposteroid therapy

The bleeding attack required
hospitalization because of
desaturation.

Pt Age
yrs

Observation Years after the
last bleeding
attack

Present state Present treatment (yrs)

yrs Times of
hosp.

Liposteroid PSL Immunosup.

1 18.3 16.5 3 15.3 Off therapy 6.1 8.1 No

2 17.7 15.3 11 12.2 Off therapy 5.8 8.0 No

3 8.4 7.1 6 4.6 Off therapy 5.5 7.0 No

4 18.2 16.9 20 6.1 Long remission 15.6 16.9+ No

5 16.3 11.0 10 2.4 Long remission 6.6 10.9+ No

6 13.5 6.0 2 4.9 Long remission 4.3+ 4.9+ No

7 15.0 13.0 7 0.3 Active 11.7+ 13.0+ MZB

8 5.5 2.4 2 0.3 Active 2.3+ 2.3+ MZB

9 15.2 9.5 7 1.6 Active 9.4+ 9.4+ No
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on acute bleeding were well-recognized [15]. Kiper et al. sug-
gested that long-term CS treatment could lead to a milder course
and prevent crises, based on the prolonged survival of 22 IPH
children between 1979 and 1994 [14]. Saeed et al. reported that
extended courses of immunosuppressive therapy yielded a better
outcome, based on the analysis of 17 IPH children treated
between 1972 and 1998 [25]. Low-dose CS prophylaxis against
chronic bleeding has come to the front by improving the overall
survival of patients. Recent reports supported the benefit of
prolonged CS therapy for the outcome of patients [3, 12]. In this
study, liposteroid was at first planned to employ in limited
patients who had repetitive bleeding during the oral PSL therapy.
However, in our tertiary center, all IPH patients were recruited as

a consequence during the study period. The primary goal of IPH
management is the prophylaxis of fatal bleeding as experienced
in an infant with Heiner syndrome. None of nine patients with
liposteroid therapy died, in contrast to the poor outcome in
historical control of 36 patients without liposteroid therapy in
Japan [23] (p<0.05, Supplementary figure). Historical compari-
son tends to overestimate the impact of the present study; how-
ever, clinical outcomes of our patients appeared to be successful
compared with any reported controls without liposteroid therapy
[4, 23, 27].

Liposteroid is the dexamethasone palmitate ester incorpo-
rated in liposome, which is developed as a drug carrier vehicle
for appropriate distribution to the inflamed site and decreasing
systemic side effects [1, 19, 33]. Although anti-inflammatory
effect depends on the concentration of steroid in inflamed
tissue, this agent is easily taken up and can inhibit the activa-
tion of pulmonary macrophages to accumulate the hemosid-
erin. Furthermore, dexamethasone has higher affinity for the
glucocorticoid receptor than PSL or mPSL and has relatively
stronger anti-inflammatory effect and longer biological half-
life. Bonanomi et al. [1] showed no suppression of the endog-
enous cortisol levels in liposteroid administrated rabbit arthri-
tis models. Hoshi et al. [7] revealed that this agent had a higher
improvement rate of rheumatoid arthritis and lower frequency
of side effects than dexamethasone. Even in the varied and
prolonged courses (Fig. 1), systemically low-dose liposteroid
therapy might accumulate effectively in the hemorrhagic in-
flamed site of the lung. It could, therefore, reduce the chance
of high-dose mPSL therapy and prevent the dose escalation of
oral PSL therapy.

There is no standard to control the refractory IPH bleeding.
Treatment choice of additional immunosuppressant remains

Table 3 Treatment effects and late effects of long-term liposteroid therapy

Pt Respiratory
problem at
rest, exercise

Pulmo. function Peripheral blood test

BMD
(<−2 z score)

Growth

FEV1.0 >70.0 %VC >80.0 KL-6
(<430 U/ml)

Ferritin
(10~250 ng/ml)

Hb g/dl Height
cm

SD
score

Weight
kg

BMI z score

1 No No 74.0 73.5 152 47.6 14.9 −1.9 170.1a −0.054 48.0 −2.83

2 No No 94.6 93.7 332 38.3 14.9 −0.7 146.5a −2.280 37.3 −1.79

3 No No NE NE 202 18.5 14.3 NA 117.5 −0.720 22.4 0.61

4 No No 98.4 98.5 307 175.1 12.6 −1.9 147.8a −2.020 45.7 0.20

5 No No 75.0 67.0 212 25.4 13.4 −3.0 147.8a −1.902 42.1 −0.51

6 No No 100.1 94.0 265 194.0 12.8 NA 147.0 −1.453 39.0 −0.19

7 No Yes 73.9 73.6 307 175.1 12.6 −4.1 140.2 −3.877 34.2 −0.71

8 No No NE NE 236 374.0 14.0 −2.2 104.2 −0.976 18.0 0.97

9 No No NE NE 249 27.2 16.0 −2.4 149.1 −2.906b 44.4 0.29

a Four patients attained the age when target height is evaluable. Pt1, Pt2, Pt4, and Pt5 reached 99.8, 94.2, 91.9, and 86.9 % of the target height that was
calculated by the height of parents, respectively.
b The height SD scores are in the range of ±0.5SD of Japanese patients with Down syndrome.

BMD bone mineral density, BMI body mass index, NE not evaluable, NA not assessed

Fig. 2 The standard deviation (SD) score of height and weight in IPH
patients. The mean SD score of height (a) and weight (b) of IPH patients
did not significantly differ between at the onset of disease and at
present, respectively. The statistical comparison was assessed by
paired t test (a: p=0.154, b: p=0.308). The square represents the
value of Pt 7 who was not closely adherent to the therapy
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elusive [8, 11, 34]. Oral CSA and AZAwere administrated as
a prior therapy in three patients, but the treatment effects were
all equivocal. In Pts 1 and 5, liposteroid therapy instead of
CSA effectively changed the course of repetitive bleeding.
Consecutive 3-day infusion of liposteroid succeeded in the
prophylaxis of bleeding during surgical intervention for acute
abdomen in Pt 2. The 3-day infusion in outpatient clinic could
also control bleeding triggered by upper respiratory infection.
Recently, Luo et al. reported the utility of 6MP combined with
oral PSL therapy [18]. 6MP and AZA could reduce the
maintenance dose of PSL for the control of refractory bleed-
ing. However, the optimal dose should be individualized to
avoid the adverse event of myelosuppression. FDA has re-
ported the risk of developing malignancy in patients with
juvenile idiopathic arthritis or inflammatory bowel disease,
who continued to receive immunosuppressant such as
6MP/AZA [6]. In this setting, liposteroid therapy has an
advantage in the long-term therapy for children.

Final height was a major concern on liposteroid therapy,
although intermittent infusion of liposteroid might reduce
the accumulated CS effects. No patients became obese at
the time of study. On the other hand, neither had plus SD
scores of height nor exceeded the target height. Impaired
bone mineralization on active phase would be normalized
after the therapy. Pt 7 had often stopped any treatment by
himself since parents divorced. Frequent bleeding might
affect his height before the growth spurt.

In conclusion, our observation demonstrated that IPH
children can be cured after appropriate maintenance therapy.
The long-term liposteroid therapy could improve the out-
come of IPH patients, regarding the mortality, pulmonary
functions, and performance in school life. Further prospec-
tive studies are needed to establish the maintenance therapy
for refractory IPH bleeding.
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