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Abstract
Objectives: To evaluate the risk factors of recurrent pulmonary exacerbation and poor prognosis in children with idiopathic
pulmonary hemosiderosis (IPH). Methods: In this multicenter study, 54 patinets with diagnosis of IPH included. Medical
records were retrospectively reviewed from three tertiary care hospitals between 1979 and 2019. Also, current information and
the long-term progress of patients was determined by contacting the families by telephone. Results: A total of 54 children were
included. The median age of onset of symptoms was 4.5 ± 3.8 years. The median time from onset to diagnosis was 0.9 years
± 2.2. The mean number of recurrent episodes per child in the recurrence-positive group was 3.55 (1-15). Univariate analysis
demonstrated that patients presenting with hypoxia or requiring transfusion at the time of presentation had significantly more
recurrence episodes (P=0.002). Multivariate analysis showed that the presence of hypoxia at the time of initial presentation was
a significant independent predictor of recurrent episodes (P=0.027). The median follow-up was 3.3 ± 4.8 years (0.75 months-27
years). There was a significant relationship between the presence of hypoxia, transfusion history, ANA positivity, and elevated
transaminases at the time of initial evaluation and treatment response. Conclusions: The present study provides important
information on the clinical course and outcome of pediatric IPH, and substantial information regarding factors that affect
recurrent exacerbations and prognosis. Demonstrating of hypoxia as an independent risk factor in recurrence episodes could be
guide physicians in the planning of treatment strategies.

Introduction
Idiopathic pulmonary hemosiderosis (IPH) is one of the uncommon reasons for diffuse alveolar hemorrhage, with an estimated incidence of 0.24-1.23 per million.1-3 The definition of IPH is used in cases where
the underlying cause of the pulmonary bleeding cannot be identified with extensive investigations.3,4 The
disease is manifested by pulmonary hemorrhage and characterized by the triad of iron deficiency anemia,
hemoptysis, and pulmonary infiltrates on chest imaging 5-9 . Although the pathophysiology of the disease
unknown, different hypotheses have been proposed regarding the underlying mechanism of the disorder such
as environmental, auto-immune, allergic, genetic.10,11 The course of the disease is highly variable from single to recurrent exacerbations. Some patients recover fully, whereas others develop pulmonary fibrosis and
respiratory insufficiency.12-14
Currently, there is a lack of consensus regarding the management of IPH.12,15 There is limited information
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about factors that can help in predicting patients with recurrent exacerbations at the time of diagnosis.
There is also no consensus regarding the definition of pulmonary exacerbations for children with IPH.
The purpose of this study was to investigate the clinical characteristics and prognosis of patients with
IPH, and to evaluate the incidence and risk factors of recurrent pulmonary exacerbations. Also, we tried to
investigate factors that contributed to treatment responses.
Method
All the children who were diagnosed as having IPH (regardless their clinical severity) and followed up in
three tertiary care hospitals between 1979 and 2019 (Hacettepe University Medical Faculty Children’s Hospital, Gazi University Medical Faculty Children’s Hospital, Meram University Medical Faculty Children’s
Hospital) and whose records were accessed included in the study. Data were collected from medical records
retrospectively. Also, current information and the long-term progress of patients was determined by contacting the families by telephone. Ethics clearance was obtained from the Institute Ethics Committee. Criteria
for diagnosis were based on iron deficiency anemia without any other apparent cause, respiratory symptoms
(including hemoptysis, cough, and dyspnea), and pulmonary parenchymal infiltrates on chest imaging and
exclusion of other diseases. Diagnosis was confirmed by the presence of hemosiderin-laden macrophages in
bronchoalveolar lavage (BAL), gastric aspirate and/or in lung tissue specimens. The diagnosis, treatment,
and follow-up of patients was performed according to the IPH management protocol of the units.
Clinical information was collected from medical records, including demographics, clinical features, comorbidities, personal history, environmental exposure, and pulmonary function testing (PFT). Hypoxia was defined
by presence of oxygen saturation below 93%. The reviewed laboratory data included hemoglobin, leukocyte
and reticulocyte counts, total immunoglobulin levels, and autoimmune markers. Skin tests and specific allergen statuses were recorded. Chest imaging, including X-ray and chest tomography, was evaluated from both
reports and imaging. Detailed treatment information recorded.
Clinical recurrence was defined as new-emerging pulmonary infiltration in combination with acute clinically
significant deterioration of respiratory symptoms and/or a decline in PFT plus new-onset hemoptysis and/or
anemia after a symptom-free period of at least two months, which eventually necessitated a change in regular
management. Non-recurrence was defined as resolution of clinical symptoms and imaging abnormalities,
or clinical finding improvement with retention or stability of imaging abnormalities when treatment was
withdrawn or who died after first attack. Patients without recurrence after the initial treatment and with
complete resolution of findings were classified as having a good response. Patients who had a recurrence
but responded well to oral steroids, or with reduced need for transfusion, or with minimal residual findings
were classified as having a partial response. Patients who did not respond to steroids and required further
immunosuppressant agents or died were classified as poor response.
The normality of distribution for numerical variables was checked using the Kolmogorov-Smirnov test. Descriptive statistics were expressed as mean ± standard deviation or median (min-max) according to the
assumption of normal distribution. When data were not normally distributed, the Mann-Whitney U test was
used to compare the differences between two independent groups for quantitative variables. The KruskalWallis test was used to compare the difference between three or more than groups in non-normal quantitative
variables. After the Kruskal-Wallis test, the Dunn test was used as a post hoc test. Fisher’s exact tests were used to examine the difference between groups for categorical variables. Binary logistic regression with
the backward method was used to evaluate which independent variables (oxygen saturation <93, presence
of hemoptysis at the beginning, age of initiation of symptoms, hepatomegaly) were statistically significant
predictors of recurrent exacerbations. Odds ratios with 95% confidence intervals (CIs) were calculated for
potential predictors of risk factors for recurrent exacerbations. A p<0.05 was accepted as statistically significant. Data were analyzed using the IBM SPSS statistics 23.0 software package.
Results
A total of 54 children included in the study. The median time from onset to diagnosis was 0.9 years ± 2.2
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(0.25 months to 12 years). Consanguinity (first/second/third degree cousin) between parents was present
in 26 patients. The brother of one patient died after an episode of similar symptoms. The main initial
manifestations of the patients at diagnosis were as follows: cough (n=41, 75.9%), dyspnea (n=29, 53.7%),
hemoptysis (n=29, 53.7%). The classic triad of anemia, hemoptysis, and pulmonary infiltration in imaging
was found in 24 (47.1%). While hemoptysis was initially observed in 29 (53.7%) patients, it’s determined
in 33 (61.1%) patients, including follow-up time. A total of 41 (75.9%) patients were initially misdiagnosed;
the most common misdiagnosis was iron deficiency anemia and pneumonia. The main demographic, clinical,
laboratory, and radiologic findings at diagnosis are described in Table 1 and Table 2.
Records of hemosiderin-laden macrophages in BAL were found for 24 patients, and all were positive. Gastric
aspirate from 42 patients was examined for hemosiderin-laden macrophages, and 28 (66.6%) patients were
positive. Six patients had negative results in gastric aspirate, although their hemosiderin-laden macrophages
in BAL were positive. BAL fluid was positive for the following microorganisms in eight patients: coronavirus (n=2), parainfluenza type 1 (n=2), respiratory syncytial virus, cytomegalovirus (n=1), Haemophilus
influenzae (n=2), and Klebsiella pneumonia (n=1). Five children underwent a lung biopsy, which documented features of pulmonary hemosiderosis with no sign of capillaritis. Thirty-seven patients received blood
transfusions. Seven patients also needed transfusions after diagnosis.
Thirty-seven patients with complete current information of recurrence (as provided in telephone conversations) were further analyzed According to the presence of recurrent episodes, patients were dichotomized
into recurrence-positive and recurrence-negative groups. The mean number of recurrent episodes per child
in the recurrence-positive group was 3.55 (1-15). As seen in Table 3, univariate analysis demonstrated that
the recurrence-positive group presented more frequently with hypoxia (P=0.002). Patients with a history of
transfusion before or at the time of the initial diagnosis had significantly higher recurrence rates (P=0.002).
Multivariate regression analysis showed that the presence of hypoxia at the time of initial presentation was
a significant independent predictor of recurrent episodes (P=0.027). Ten patients reported that their recurrence attacks were triggered after upper respiratory infections. Two patients reported a decrease in attack
frequency after the influenza vaccine. However, no seasonal relationship was determined with recurrence
attacks.
Immunoglobulin E level was elevated in six patients. Cow milk allergy was evaluated in 36 patients with
one or more of the following methods: skin tests, radioallergosorbent test (RAST) for milk protein, allergenspecific immunoglobulin E, and provocation test; five of whom were allergic to milk. Two patients were
considered as having Heiner syndrome in the follow-up period. At least one antibody was positive in 19 of 54
patients. Autoimmune screening results are given in Table 4. During the follow-up period, ANA positivity
developed in one patient, and antigliadin positivity disappeared in one other patient.
Only 16 patients were able to perform the pulmonary function test at the time of admission; 24 patients
were aged under five years, and the remainder could not perform the tests due to acute disease conditions.
The pulmonary function test was normal in 10/16 patients. Four of them had a restrictive pattern, and two
had both restrictive and obstructive patterns.
Among the 54 patients, one patient was diagnosed as having coeliac disease after the initial evaluation.
One patient had arthralgia at the time of diagnosis and was diagnosed as having familial Mediterranean
fever three years later. One patient developed arthralgia three years later and was diagnosed as having
juvenile idiopathic arthritis. One patient had hematuria, but the renal biopsy was normal without specific
abnormalities suggestive of Goodpasture syndrome. One patient had a positive result for anti-glomerular
basement membrane (GBM), but the renal biopsy was normal. One patient with anti-GBM positivity was
diagnosed as having Goodpasture syndrome during follow-up. Coombs-positive hemolytic anemia developed
in one patient in the follow-up period. One patient developed end-stage kidney failure due to nephrotic
syndrome 20 years after the initial diagnosis while she was in remission for IPH (ANCA result was negative
and biopsy not suggestive of Goodpasture syndrome). Pulmonary hypertension was determined in three
patients during follow-up. Three patients were evaluated for COPA mutations, and all were negative.
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All children were treated with systemic corticosteroids on initial diagnosis. The mean duration of the total
prednisolone course was 22 (range, 0.75-72) months. Hydroxychloroquine treatment was started in eight
patients, cyclophosphamide treatment was started in four patients, azathioprine treatment was started in two
patients, and inhaled steroids were started in 16 patients during the reduction of steroid treatment doses. In
six patients, steroid-related adverse effects were observed. In two patients, treatment was discontinued due to
steroid adverse effects. The median recurrence time of attacks after cessation of corticosteroid treatment was
6 (range, 2-30) months. Of the 54 treated patients, seven died of pulmonary hemorrhage and/or respiratory
failure.
One patient discontinued steroid treatment after two months and was lost to follow-up. When the patient
was contacted again, he stated that he had been depressed and had stopped all treatments because he had
gained weight and developed hypertension after steroid treatment. Six years passed since the patient stopped
treatment and he had mild hemoptysis every day and shortness of breath with effort. A new CT revealed
bilateral patchy infiltration areas with ground-glass appearance.
Thirty-seven patients with complete long-term follow-up and treatment information were further analyzed.
Patients were categorized into three groups according to treatment response; good, partial, and poor. Thirtyseven patients with long-term follow-up or current information (as provided in telephone conversations) were
included in this grouping. There was no significant difference in terms of the age of diagnosis, delay in
diagnosis duration, sex, onset time of symptoms, consanguinity, initial signs, radiologic findings, and PFT.
There was a significant relationship between the presence of hypoxia, transfusion history, ANA positivity,
and elevated transaminases at the time of initial evaluation and treatment response, as seen in Table 5 and
Figure 1.
Discussion
There is no consensus in terms of the evaluation and management of children with IPH.12,15 To the best of
our knowledge, this study is one of the largest with a long follow-up period, which demonstrated that the
presence of hypoxia at diagnosis could be an independent risk factor for recurrent episodes. Moreover, our
study is the first to indicate that prognosis might be poor in patients with ANA positivity at the time of
diagnosis.
Only one recent study has attempted to identify predictors for recurrence episodes in patients with IPH.16
However, the focus of this study was not to predict patients with recurrence episodes, and only 10 patients
with recurrence episodes were evaluated and its follow-up period was shorter than the present study. Their
results suggested that bilirubin levels were significantly higher in children with recurrence episodes. The
results of our study, on the other hand, revealed that patients presenting with hypoxia or requiring transfusion
at the time of diagnosis had significantly more recurrence episodes. Moreover, multivariate regression analysis
demonstrated that hypoxia was an independent risk factor in predicting recurrence episodes. To the best
of our knowledge, our study is the first to indicate that the presence of hypoxia at initial presentation
is an independent risk factor for recurrent IPH episodes. Another significant result of our study was that
important factors such as age at the onset of symptoms, length of delay in diagnosis, clinical features, physical
examination findings, and laboratory results were not helpful in predicting recurrence episodes. This study
provides valuable information to physicians that may guide the management of treatment for patients who
present with hypoxia.
IPH may occur at any age but it is more frequently reported in children between the ages of 1 and 7 years,
similar to the results of present study.17,18 The results of our study revealed that the symptom onset age was
3 months for the youngest, and 15 years of age for the oldest patient. This result demonstrates the fact that
IPH can be seen in all age groups and physicians should be careful not to focus on younger patients only.
Consanguinity was present in 48% of the patients in our study. This rate proves to be more than the double
the rate of consanguinity in Turkey (20%).19 Furthermore, a sibling one of our patient’s died with similar
symptoms. Our result, in line with those of previous studies, indicates that genetics might play a role in the
underlying mechanisms of IPH.20-23
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Studies in the literature reported varying results regarding the presenting symptoms of the disease24-26 . In
our study, the most common presenting features at onset were anemia, cough, dyspnea, and hemoptysis. In
their study, Tayard et al. also reported that anemia and dyspnea were the most common symptoms.20 In
the study conducted by Zhang et al., however, cough and hemoptysis were the predominant symptoms, and
dyspnea was observed in 15% of the patients.16
Although hemoptysis is one of the components of the classic triad of the disease, it only occurs in around
half of all patients at initial presentation.16,20 Yet it has been reported that hemoptysis was seen in almost
all adult patients during the course of the disease.3 The results of studies conducted by French and Chinese
researchers revealed that hemoptysis was observed in around half of all patients, as was the case in our
study.16,20 In spite of the fact that opinions suggesting that hemoptysis might go unnoticed due to sputum
swallowing in young children,27 no evident hemoptysis was observed in 39% of patients covered by our study
with a long follow-up period. It should be remembered that evident hemoptysis might never emerge in a
substantial part of patients, including during the course of the disease.
Studies thus far have reported delays in diagnosis to range between 1 and 6.3 years.20,28 In our study,
evidence of remarkable delay in diagnosis was observed in some patients. Two of the most significant reasons
for this situation are the absence of the known classic triad in half of all patients and the low level of
awareness of pediatricians about this disease. Further, the three centers in which our study was conducted
were reference centers in metropolitans. It takes time for patients, to access such centers, and a significant
portion of the patients lose time because they receive treatment having been pre-diagnosed as having iron
deficiency anemia and pneumonia. In order to prevent delays in diagnosis, particularly in patients with no
classic triad symptoms, awareness about the disease should be increased and physicians should adopt a high
level of suspicion to this end.
Multiple theories have been proposed regarding the potential underlying pathophysiology of the disease.7,10,29
Even though some evidence has been reported in the literature regarding the relationship between IPH and
autoimmune diseases, this association still remains controversial.20,30,31 Previous studies speculated that
more than one-quarter of patients developed an immune disorder later in follow-up.30 At least one antibody
was found to be positive in 35% of patients covered by our study but accompanying autoimmune diseases
were observed in very few patients. In long-term follow-ups, however, four patients were observed to have
accompanying autoimmune diseases.
It has been strongly suggested that there is a relationship between celiac disease and IPH. Researchers believe
that an immunologic pathogenesis underlies this combination, which has yet to be clarified.32-34 The results
of our study revealed that celiac antibody positivity was 30%, even though only one patient was diagnosed
as having celiac disease upon further investigation. Also, celiac antibody positivity disappeared in one other
patient. The high celiac autoantibody positivity in our patients increases the possibility that IPH may be
within the spectrum of autoimmune diseases. Also, it is important to keep in mind that antibody results
could change over time.
Our present study provides support for importance of BAL in diagnosis of IPH; six patients had negative
results in gastric aspirate, although their hemosiderin-laden macrophages in BAL were positive. Furthermore,
we are not able to evaluate the trigger effects of infectious agents in the exacerbation of IPH because of limited
microbiologic records. However, some of our patients clearly stated that attacks were triggered by infection,
indicating that further research is required especially to elucidate on the role of influenza in triggering attacks.
Our study also aimed to predict the treatment responses of patients. Transfusion history, presence of hypoxia,
ANA positivity, and elevated transaminases enzymes at presentation were associated with poor treatment
response. The limited number of studies in the literature investigating the possible factors affecting prognosis
at the time of diagnosis yielded different results. A study conducted in Greece in 1983 reported poorer
prognoses for young male children.35 In another study conducted in Japan in 1995, on the other hand,
the authors argued that prognosis might be poorer in patients with fever, leukocytosis, hepatomegaly, and
splenomegaly.16 In a study conducted in India, the authors associated hemoptysis and high bilirubin at
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diagnosis with poor prognosis.36 A previous study of 15 patients indicated that the presence of ANCA was
associated with poor prognosis in IPH.30 Blanco et al. proposed that ANCA positivity might have been
associated with poor prognosis their study conducted with four patients with IPH with no systemic or
renal disease .37 Interestingly, our results revealed that the patient group with ANA positivity had poorer
prognoses. To our knowledge, this association has never been reported in the literature. Prognostic value of
autoantibodies was evaluated in many studies; presence of ANA was associated with a more severe disease in
certain connective tissue disorders38 . Our result on prognosis evaluation may be random due to the fact that
the number of patients per group was limited, but it might also be related to the possibility of accompanying
autoimmune events that could have affected prognosis that have yet to be identified in the ANA- positive
group. Our study underlined this relationship but in order to clarify this relationship, further larger and
prospective studies are needed.
There are no prospective studies on the management of IPH in children for which most of the evidence is
delivered from observational studies.12 It was seen that the second treatment of choice following steroids
was hydroxychloroquine, and inhaler steroid treatment was used in one-third of the patients. It was also
observed that steroid treatment was generally well tolerated by the patients and adverse effects that led to
steroid discontinuation were quite few. It was, however, seen that the patients often went through relapse
episodes during the downgrading or discontinuation of steroid treatment. Such episodes were most commonly
observed 6 months following steroid discontinuation, but there was a case of recurrence after 30 months. It is
therefore important to closely follow-up patients even if they have no symptoms after steroid discontinuation.
One of the main limitations of our study is its retrospective design. However, the study data were enhanced
by contacting the patients to collect their current data and long-term prognoses. Another limitation was that
patients from different centers were included in the study and there were interdepartmental differences in
follow-up protocols. Further, there have been changes in examinations in patient assessment and treatment
management because the study covered a period of 40 years.
In conclusion, our study offers significant results to the literature because it has a large population and
covers a long period of follow-up. The results of our study demonstrated that the presence of hypoxia at
diagnosis could be an independent risk factor for recurrent episodes. This information may guide physicians
in the planning treatment strategies for patients who present with hypoxia. Further, our study is the first
to indicate that prognosis might be poor in patients with ANA positivity at the time of diagnosis but this
result needs to be clarified by further studies.
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