
pulmonary artery smooth muscle cells [1]. Most mutations of the BMPR2 gene lead to haploinsufficiency

and the penetrance is highly variable. It has been suggested that a ‘‘second hit’’ is required to precipitate the

phenotype and could cause further deregulation of BMPR2/Smad signalling, leading to PAH [9, 10].

Although the significance of gremlin levels in PAH has yet to be determined, in a mutation carrier

developing IPF, hypoxia or increased gremlin levels may account for a second insult, leading to the

manifestation of PAH.
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Pulse methylprednisolone in allergic
bronchopulmonary aspergillosis
exacerbations

To the Editor:

Allergic bronchopulmonary aspergillosis (ABPA) is an immunological pulmonary disorder caused by

hypersensitivity reactions to fungal antigens released by Aspergillus fumigatus [1]. Several aspects of the
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disease remain an enigma despite being described six decades ago by HINSON et al. [2]. The clinical

presentation is that of poorly controlled asthma, mucus plugging and bronchiectasis [3], and the diagnosis

of ABPA is made on a composite of clinico-radiological and immunological findings [4]. The primary

management of ABPA involves the use of glucocorticoids as an anti-inflammatory agent. Azoles are used in

patients with recurrent exacerbations, and act by decreasing the fungal burden in the airways, thereby

preventing exacerbations [5]. The natural history of ABPA is characterised by repeated episodes of

exacerbations requiring glucocorticoids for management [6–8]. Herein, we describe two patients in whom

the disease activity remained uncontrolled despite treatment with oral corticosteroids and azoles. These

patients were managed successfully with intravenous pulses of high-dose methylprednisolone. We also

systematically review the literature on the use of high-dose intravenous methylprednisolone in ABPA.

A 48-year-old male with history of bronchial asthma since 20 years of age was diagnosed with ABPA 6 years

previously: A. fumigatus specific IgE 102 kUA?L-1; type I skin reaction against Aspergillus antigen; total

serum IgE 1208 IU?mL-1; central bronchiectasis; eosinophil count 620 cells?mL-1; and A. fumigatus

precipitins positive. During the course of the disease he had multiple exacerbations, which responded to

oral steroids. The patient was also started on itraconazole 200 mg twice daily (four courses, each of

6 months duration) for recurrent exacerbations. His last exacerbation was 8 months ago. Current therapy

included prednisolone 15 mg every other day along with inhaled bronchodilators and steroids. The patient

presented with increasing shortness of breath, wheezing and cough for 1 week. A chest radiograph showed

no evidence of any new infiltrates or atelectasis. Serum IgE levels were 11 384.97 IU?mL-1. He was started on

oral prednisolone 50 mg daily and itraconazole 200 mg twice daily. However, the patient’s general

condition did not improve after 1 week of therapy and he was hospitalised with type II respiratory failure in

the respiratory intensive care unit. The patient was managed with oxygen, intravenous antibiotics, nebulised

bronchodilators and noninvasive ventilation. Sputum for bacterial cultures and acid-fast bacilli were

negative. A chest radiograph was performed again and showed no new opacities. Due to a suboptimal

response to oral steroids and itraconazole, he was administered pulse intravenous methylprednisolone at a

dose of 1 g daily for 3 days to control his ABPA. Oral steroids were rapidly tapered over the next 8 weeks

and the patient continued on prednisolone 15 mg every other day, oral itraconazole 200 mg twice daily,

inhaled steroids and bronchodilators. On follow-up at 6 weeks, the patient was doing well and his IgE level

was 2679.90 IU?mL-1.

A 32-year-old female with known asthma for the past 20 years was diagnosed with ABPA 3 years ago:

A. fumigatus specific IgE 53.3 kUA?L-1; type I and III skin reaction against Aspergillus antigen; total IgE

4228 IU?mL-1; central bronchiectasis and high-attenuation mucus; eosinophil count 240 cells?mL-1; and

A. fumigatus precipitins positive. She was initiated on oral prednisolone 30 mg daily with which there was

clinical and radiological response and her serum IgE levels fell to a nadir of 2200 IU?mL-1. During the

subsequent 2 years she had two episodes of exacerbation of asthma, which were managed with oral steroids

for 5 days each. In the current episode, the patient presented with history of worsening dyspnoea. Chest

radiographs showed no new abnormality but her IgE level rose to 4149 IU?mL-1. She was started on

itraconazole (200 mg twice daily) and oral prednisolone 40 mg daily. There was no response to therapy

after 1 week and she was hospitalised. She was hypoxaemic at presentation and was treated with oxygen,

intravenous antibiotics and nebulised bronchodilators. During her hospital stay, sputum cultures and

smears for acid-fast bacilli were negative; compression ultrasound for deep vein thrombosis and D-dimers

were also negative. To control her ABPA, the patient received intravenous methylprednisolone 1 g daily for

3 days. This was followed by an improvement in the patient’s symptoms and on discharge after 10 days, her

room-air oxygen saturation rose to 96%. Oral steroids were subsequently tapered over the next 2 months to

15 mg every other day. Treatment with oral itraconazole 200 mg twice daily, inhaled steroids and

bronchodilators were continued. Her serum IgE level 4 weeks after pulse therapy was 1220 IU?mL-1 and

reached a nadir of 784 IU?mL-1 3 months after receiving pulse methylprednisolone.

Escalating the dose of oral steroids constitutes the backbone of treating ABPA exacerbations; however, the

management of an occasional ABPA patient may prove challenging. Both the index cases failed to respond

to high doses of oral steroids and itraconazole and were managed with intravenous methylprednisolone

pulse therapy. A systematic review of the PubMed and EMBASE databases using the search terms: ‘‘allergic

bronchopulmonary aspergillosis’’ OR ‘‘abpa’’ OR ‘‘abpm’’ OR ‘‘allergic bronchopulmonary mycosis’’

yielded four reports (39 cases) on the use of high doses of intravenous methylprednisolone in the

management of ABPA [9–12]. All the reports were in patients with ABPA complicating cystic fibrosis, and

involved both adult and paediatric patients (table 1). Three reports used pulse methylprednisolone

10–20 mg?kg-1 as a steroid sparing agent for three consecutive days every month [9, 10, 12]. One report

involves the use of high-dose methylprednisolone in a life-threatening ABPA exacerbation unresponsive to

oral steroid, which is similar to our cases [11]. Our cases are the first report on the use of pulse

methylprednisolone in the management of ABPA exacerbations in adult asthmatic patients.
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ABPA is caused by abnormal immune responses to fungal antigens with preferential activation of T-helper

type 2 responses and subsequent release of pro-inflammatory cytokines [13]. ABPA exacerbations probably

reflect heightened immune activity triggered by increased fungal colonisation [1]. The differential diagnosis

of ABPA exacerbation includes exacerbation of asthma, pulmonary embolism and pneumonia. However,

ABPA exacerbations are characterised by clinico-radiological worsening associated with elevation of serum

IgE levels 50–100% of the baseline value [4]. The rationale behind the use of steroids in ABPA exacerbations

is their ability to relieve airway obstruction, decrease sputum production and hasten resolution of

pulmonary infiltrates due to their anti-inflammatory effects (inhibition of phospholipase A2 activity and

arachidonic acid metabolism, decrease in inflammatory cell chemotaxis, cell adhesion and tissue infiltration,

and diminished production of inflammatory cytokines) [14]. We have previously shown that the presence

of severe bronchiectasis and high-attenuation mucus is associated with recurrent relapses [15–17]. Both our

patients had severe bronchiectasis while one patient had high-attenuation mucus. In addition, due to the

severity of their underlying disease, both patients had been on long-term oral steroids. Long-term steroid

use is associated with downregulation of steroid receptors and, hence, creation of a steroid resistance

state [18]. Use of high doses of methylprednisolone may overcome this effect by its non-genomic

physicochemical actions, which are independent of the steroid receptors [19].

The use of methylprednisolone in acute exacerbations of ABPA has been previously described in a single

case of an 11-year-old child with cystic fibrosis, where the exacerbation was unresponsive to oral steroids

and pulsed doses of methylprednisolone led to clinical stabilisation and better control of ABPA [11]. Our

patients were even sicker, and were unresponsive to both prednisolone and itraconazole. Use of pulsed

doses of methylprednisolone led to clinical stabilisation in both cases, and we were able to reduce the dose

of oral prednisolone within 4–8 weeks. Intravenous monthly pulses of methylprednisolone have also been

used as a steroid-sparing agent to prevent various side-effects like hyperglycaemia, hypertension and

osteoporosis. In fact, in three published studies none of the patients gained weight or developed cushingoid

habitus in studies employing monthly pulses of methylprednisolone, and there was no suppression of

hypothalamic–pituitary axis [9, 10, 12]. In acute exacerbations of ABPA, pulse methylprednisolone should

currently be considered in those refractory to oral prednisolone and itraconazole or in those who develop

acute respiratory failure due to acute exacerbation. Therapeutic bronchoscopy should be considered before

pulse methylprednisolone in those with large airway collapse, [20]. The administration of high doses of

methylprednisolone may be rarely associated with complications like cardiac arrhythmias and circulatory

collapse usually following rapid administration [19]. Hence, the infusion should be given gradually over

2 h, and the patients should be closely observed during the pulse therapy.

TABLE 1 Studies describing the use of high-dose intravenous methylprednisolone in allergic bronchopulmonary aspergillosis

Fist author
[ref.]

Patients Age
years

M/F Risk
factor

Mean serum
IgE IU?mL-1

Methylprednisol-
one dose

Steroid
duration

Outcomes Side-effects

THOMSON [9] 4 6.075
(1.7–8.2)

3/1 CF 2950.5 20 mg?kg-1 every
4 weeks

4 years 3 out of 4 patients
had clinical
stabilisation

Hypertension and
hyperglycaemia in
one patient each

COHEN-
CYMBERKNOH

[10]

9 17.1
(7–36)

4/5 CF 542 10–15 mg?kg-1

(max 1 g) every
4 weeks

6–10
months

Significant
improvement in

FEV1 and
decreased IgE in

all cases

Weight gain and
psychiatric

disorder in one
patient each

THOMAS [11] 1 11 1/0 CF 9178 20 mg?kg-1 for
3 days followed by

10 mg?kg-1 for
3 days

6 days Clinical
stabilisation

SKOV [12] 25 19.9
(10–34)

16/9 CF NA 15 mg?kg-1 3–7
months

Clinical
stabilisation;

reduction in the
number of

exacerbations

Minimal
side-effects

Data are presented as n or mean (range), unless otherwise stated. M: males; F: females; CF: cystic fibrosis; NA: not available; FEV1: forced
expiratory volume in 1 s.
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In conclusion, pulsed doses of intravenous methylprednisolone are safe and effective, which can be used in

managing ABPA exacerbations unresponsive to conventional therapy with oral steroids and azoles.
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