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ABSTRACT

Objective: To evaluate the diagnostic performance of 3 T lung magnetic resonance imaging (MRI) in children
with allergic bronchopulmonary aspergillosis (ABPA).

Materials and methods: This study protocol was approved by the institutional ethics committee. From October
2015 to January 2018, we prospectively evaluated twenty-seven consecutive children with ABPA. The diagnosis
of ABPA was made on the ISHAM-ABPA working group criteria. High resolution computed tomography (HRCT)
and 3T MRI of the chest was performed on the same day. Bronchiectasis, consolidation, nodules, and mucus
impaction were assessed in all segments. The sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) of MRI were calculated using HRCT findings as the reference standard. Interobserver
agreement was calculated using the kappa statistic.

Results: The mean age of the patients was 9.89 years (range: 5-16 years). There were 20 males and 7 females.
The sensitivity, specificity, PPV, and NPV for bronchiectasis was 68%, 100%, 100% and 71.43% respectively.
The sensitivity, specificity, PPV, and NPV for consolidation was 80%, 100%, 100% and 96% respectively. For
detection of nodules, the sensitivity, specificity, PPV, and NPV was 75%, 100%, 100% and 88.46% respectively.
There was 100% sensitivity, specificity, PPV and NPV for mucus impaction. There was a high degree of inter-
observer agreement for MRI findings (k = 0.9-1) as well as agreement (k = 0.7-1) between CT and MRI for all
the four findings.

Conclusion: With the currently available routine MR sequences, MRI demonstrates high specificity but less
sensitivity and negative predictive value to HRCT scan in children with ABPA. Newer MR sequences need to be
explored and validated to enhance the potential of lung MRI in ABPA.

1. Introduction

bronchiectasis [2]. Overall, radiographs have a poor sensitivity and
specificity for the diagnosis of ABPA [2]. HRCT chest is the accepted

While the diagnosis of ABPA is primarily made on the basis of im-
munological tests (A. fumigatus IgE, total IgE, A. fumigatus IgG, total
eosinophil count), imaging is often required in patients with ABPA.
Imaging identifies the ‘end-organ’ damage caused by the disorder and
makes a case for treating a patient, irrespective of the presence or ab-
sence of symptoms. Patients with ABPA without any radiological ab-
normality due to the disease are classified as serological ABPA. These
patients are generally treated only with inhaled steroids, while those
with bronchiectasis require oral glucocorticoids [1]. Chest radiographs
are inferior to computed tomography (CT) in the detection of

imaging modality for evaluation in patients suspected to have ABPA
[3]. However, CT entails exposure to ionizing radiations. This is of
concern particularly in children] as reports of a possible risk of cancer
attributed to radiation exposure [4,5]. An alternative imaging modality
with no risk of radiation hazard and a high diagnostic performance is
desirable. Magnetic resonance imaging (MRI) has not been traditionally
employed for lung evaluation due to low proton density of lungs and
high propensity for artifacts [6]. However, major technological ad-
vancements have made this application of MRI now feasible. Promising
results have been reported in several conditions with lung MRI [7-11].
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However, to the best of our knowledge, there are no studies on the use
of 3-tesla lung MRI in children with ABPA. The present study was
conducted to evaluate the diagnostic performance of lung MRI in
children with ABPA.

2. Material and methods

This study protocol was approved by the institutional ethics com-
mittee and written informed consent was obtained from the parents/
guardians of all children enrolled in the study. Confidentiality of all
patients was maintained using the principles of the Health Insurance
Portability and Accountability Act (HIPAA) guidelines.

2.1. Study population

From October 2015 to January 2018, we prospectively included 27
consecutive pediatric patients (aged 5-16 years), referred for the
radiological evaluation of allergic bronchopulmonary aspergillosis
(ABPA). The diagnosis of ABPA was based on multidisciplinary eva-
luation by a team comprising of pediatricians, pulmonologists, physi-
cians, immunologists, pathologists, and mycologists. ABPA was diag-
nosed on the basis of ISHAM-ABPA working group criteria (Table 1)
[12]. MRI was performed after HRCT chest in all patients on the same
day.

2.2. Imaging technique

2.2.1. CT protocol

HRCT of the chest was performed on a 64-row multidetector CT
scanner (Aquilion64; Toshiba America Medical Systems, Otawara,
Japan). The scans were acquired from the lung apex to the base. Scan
parameters were 120 kVp, 100-150 mA, 1-mm collimation, and a high-
spatial resolution image reconstruction algorithm was used. Axial CT
images were later reconstructed using soft tissue reconstruction algo-
rithms. The images were reviewed on a TeraRecon workstation (Foster
City, CA) at standard lung window (level: 500 HU, width: 1500 HU) and
mediastinal window (level: 350 HU, width: 50 HU) settings.

2.2.2. MRI protocol

MRI of the chest was performed on a 3T MRI scanner (Ingenia;
Philips Health Systems, Amsterdam, The Netherlands). All MRI se-
quences were acquired with a breath-hold protocol. Prior to MR ac-
quisition, breath-hold was explained to all the patients and parents.
Children who were uncooperative, dyspnoeic or unable to hold breath
were not included. No respiratory and electrocardiogram gating was
performed. No sedation or contrast was administered.

MRI scans were obtained in the axial plane in the craniocaudal di-
rection in all children. The following MRI pulse sequences and para-
meters were employed: (1) T2-weighted turbo spin echo (repetition
time [TR] 1250 ms, echo time [TE] 80 ms, slice 4 mm, flip angle 90°,

Table 1
ISHAM-ABPA working group criteria [12].
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Table 2
Radiological findings in 27 children with ABPA on CT and MRI.

Findings CT MRI
(Number of involved lobes) (Number of involved lobes)

Bronchiectasis 25 17
Consolidation 5 4
Nodules 12 9
Mucus impaction 2 2

field of view [FOV] 300 mm, matrix 216 X 189); (2) Dixon T1 (TR
2.6 ms, TE 1.32ms, slice 4mm, flip angle 90°, FOV 250 mm; matrix
156 x 124); (3) balanced turbo field echo (TR 2.6 ms, TE 1.32 ms, slice
4mm, flip angle of 45°, FOV 270 mm, matrix 152 x 135); and (4)
Multivane MVTX (TR 2500 ms, TE 127 ms, slice 4 mm, flip angle 90°,
FOV 275mm, matrix 184 X 184). Multivane is a PROPELLER
(Periodically Rotated Overlapping Parallel Lines with Enhanced
Reconstruction) sequence (Philips, Netherlands). The total scan time
was approximately 7 min. The total MR table time varied from 15 to
20 min.

2.2.3. HRCT and MR image evaluation

HRCT and MR images were reviewed by two radiologists, with 12
years and 6 years of experience in thoracic CT and MRI interpretation.
Both the radiologists were blinded to the clinical profile of the children.
In addition, all the images were anonymized. The order of HRCT and
MR images was randomized. These scans were evaluated over two
different reading sessions, with periods of 1 week between two sessions.
The quality of MRI and HRCT images were initially classified into three
categories: O (not diagnostically acceptable), 1 (few artifacts, but
images are diagnostically acceptable), and 2 (good diagnostic images
without substantial artifacts). MRI and CT studies with diagnostic
quality (category 1 or 2) were reviewed. The findings that were as-
sessed included: consolidation, nodules, bronchiectasis and mucoid
impaction. Above analysis was performed in each patient on per-lobe
basis (total of 5 lobes in each patient) on both CT and MRI. If mucoid
impaction was present, its density (on HRCT-mediastinal window)/
signal intensity (on MRI) was evaluated. If the density was more than
that of the paraspinal muscles, it was labelled as high attenuation
mucus impaction (HAM). On MRI, the inverse mucus impaction sign
(IMIS), which is hyperintense on T1-weighted images and hypointense
on T2-weighted images, was evaluated. HAM and IMIS were primarily
searched within central airways. Only lung abnormalities were eval-
uated. Mediastinal abnormalities were not assessed. As there are no
established criteria for lung MRI abnormalities, the CT criteria based on
established nomenclature were adopted. Initially, the MRI images were
reviewed. To reduce any recall and avoid bias in interpretation, the
corresponding HRCT images were reviewed after one week of MRI as-
sessment. For discrepant findings, a consensus reading was done.

Predisposing condition

Bronchial asthma, cystic fibrosis

Obligatory criteria (both should be present)

Type I Aspergillus skin test positive (immediate cutaneous

hypersensitivity to Aspergillus antigen) or elevated IgE levels
against Aspergillus fumigatus
Elevated total IgE levels (> 1000 IU/mL)"

Other criteria (at least two of three)

Presence of precipitating or IgG antibodies against A. fumigatus in
serum

Radiographic pulmonary opacities consistent with ABPA"
Total eosinophil count > 500 cells/pL in steroid naive patients (may be historical)

@ If the patient meets all other criteria, an IgE value < 1000 IU/mL may be acceptable.
 The chest radiographic features consistent with ABPA may be transient (i.e. consolidation, nodules, tram-track opacities, toothpaste/fin-
ger-in-glove opacities, fleeting opacities) or permanent (i.e. parallel line and ring shadows, bronchiectasis and pleuropulmonary fibrosis).
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Table 3

Over all Diagnostic Performance of lung MRI in ABPA.
Findings Disease prevalence Sensitivity Specificity PPV NPV
Bronchiectasis 55.56% 68% CI 46.50% to 85.05% 100% CI 83.16% to 100.00% 100% 71.43%
Consolidation 17.24% 80% CI 28.36% to 99.49% 100% CI 85.75% to 100.00% 100% 96%
Nodules 34.29% 75% CI 42.81% to 94.51% 100% CI 85.18% to 100.00% 100% 88.46%
Mucus impaction 7.14% 100% CI 15.81% to 100.00% 100% CI 100% 100%

86.77% to 100.00%

(CI: Confidence Intervals).

Fig. 1. Bronchiectasis: HRCT(A) and corresponding T2W MR images (B) of 7-
year-old girl show extensive bronchiectasis (red arrows, A and B) in the api-
coposterior segment of the left upper lobe (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this
article.).

2.2.4. Statistical analysis

The sensitivity, specificity, positive and negative predictive values
of MRI findings for parameters of interest was calculated for each
finding. The agreement between the MRI and HRCT findings was as-
sessed using the kappa test of agreement. To determine the differences
between the two modalities, the McNemar test was used. Interobserver
agreement was calculated using the kappa statistics. The degree of
agreement was graded as slight (k < 0.20), fair (k = 0.21-0.40),
moderate (k = 0.41-0.60), substantial (k = 0.61-0.80) and almost
perfect (k = 0.81-1.00). A P-value of < 0.05 was considered statisti-
cally significant. The statistical analyses were conducted using SPSS
software for Windows (version 22.0; SPSS Inc., Chicago, IL).

Funding: This study was funded by Indian Council of Medical
Research (ICMR) vide research project Id ICMR-2012-2081.
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3. Results
3.1. Patient characteristics

The mean age of the patients was 9.89 years (range: 5-16 years).
There were 20 boys and 7 girls. All the children were diagnosed to have
asthma that was poorly controlled. Type I hypersensitivity against
Aspergillus fumigatus (by skin test) was positive in all patients. The
median total IgE and Aspergillus fumigatus specific IgE levels were
3687 IU/mL (range, 68-10000 IU/mL) and 7.3 kUA/L (range,
0.03-39.7 kUA/L) (for diagnosis of ABPA, total IgE should be at least
1000 IU/mL and Aspergillus fumigatus specific IgE should be at least
0.35 kUA/L).

3.2. CT and MRI findings

All CT and MRI studies were diagnostically acceptable (25 MRI
studies were graded as 2 and two MRI studies were graded as 1). All 27
CT studies were graded as 2. None of the imaging studies including CT
or MRI had to be excluded due to artifacts. Table 2 summarizes the CT
and MRI findings in 27 children with ABPA. CT was interpreted as
normal in 17 patients. MRI was also reported as normal in these same
17 patients. Table 3 gives an overall statistical analysis.

The kappa test showed substantial to almost perfect agreement
between MRI and HRCT studies for the detection of bronchiectasis,
consolidation, nodules and mucus impaction across all the lobes
(Table 5). No statistically significant difference was observed in find-
ings detected on MRI and HRCT studies between the two modalities by
the McNemar test (P > 0.05). The agreement between two observers
for concordance between MRI and CT findings using the kappa statistics
was almost perfect for consolidation, nodules and mucus impaction
across all the lobes (Figs. 1 and 2) (Tables 4 and 5). There was sub-
stantial to almost perfect agreement for interpretation of bronchiectasis
(Fig. 1). There was one patient with high attenuation mucus impaction
on HRCT. Right lower and left lower lobes were involved. At both the
lobes, both the observers correctly interpreted it as IMIS (Fig. 2).

4. Discussion

In children with chronic pulmonary diseases such as ABPA, imaging
may be required on multiple occasions (in the event of exacerbations or
for clinico-radiologic correlation over time).

Patients with ABPA often require imaging with CT (or MRI) pri-
marily at baseline. Imaging is then also required every 4-5 years to
ensure that bronchiectasis is not progressing despite treatment. Imaging
is also required in refractory ABPA exacerbations or in glucocorticoid-
dependent ABPA to exclude other causes. In patients with serological
ABPA, CT is performed every 5 years to look for any development of
bronchiectasis [13].

Multiple CT examinations lead to cumulative exposure to ionizing
radiation.

Currently, MRI is the desired imaging modality for many conditions
in children given the radiation-related concerns with CT. The results of
this study suggest that MRI has good diagnostic utility in the diagnosis
of radiological abnormalities seen in ABPA. Many recent studies have
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Fig. 2. High attenuation mucus (HAM) and inverse mucus intensity signal (IMIS): HRCT images of 11-year-old boy show bronchiectasis with high attenuation mucus
impaction (arrows, A). Corresponding TIW and T2W MR images show high signal intensity on TIW (arrows, B) and low signal intensity on T2W images (arrows, C)

characteristic of IMIS. This sign is suggested to be highly specific for ABPA.

Table 4
Kappa statistics for agreement between CT and MRI findings.

Finding Kappa value
Bronchiectasis 0.7 CI 0.4363-0.87
Consolidation 0.9 CI 0.6183-1
Nodules 0.8 CI 0.5833-1
Mucus impaction 1.0CI1-1
(CI: Confidence Intervals).
Table 5
Kappa statistics for interobserver agreement for MRI find-
ings.
Finding Kappa value
Consolidation 1CI1-1
Bronchiectasis 0.9 CI 0.6183-1
Nodules 1Cri11
Mucus impaction 1Cr1-1

(CL: Confidence Intervals).

evaluated the role of MRI in thoracic diseases in children including
pulmonary infections, tuberculosis, febrile neutropenia and interstitial
lung diseases [5,6,9-11,20-28,14-31]. A high sensitivity, specificity as
well as an excellent inter-observer agreement has been reported for
most of the pulmonary abnormalities. A case report described MRI as a
new paradigm in the evaluation of ABPA [32]. However, to the best of
our knowledge, none of the studies have reported the diagnostic utility
of MRI in the evaluation of children with ABPA.

Although MRI has inherent limitations, which include higher cost,
availability, acquisition time and overall magnet time, need for seda-
tion in younger childen, however, in developed countries and with
advances in MR technology that provide faster image acquisition, it is
highly desirable that this radiation free modality be explored and uti-
lized to its full potential.

We could achieve diagnostic MRI in all children. We compared the
diagnostic performance of MRI in comparison to CT for pulmonary
findings in each lobe. MRI was able to diagnose abnormalities correctly
in all patients, though when it came to detection of the overall total
number of bronchiectatic lesions; it missed 8 bronchiectatic segments
(lesions), which were detected at CT scan. However, significantly the
radiological diagnosis was not altered in these patients as MRI had
detected bronchiectasis in other lung segments in the same patient.
However, for the purpose of statistical analysis, we have taken into
account the total number of lesions (lobes involved). Hence, the sen-
sitivity, specificity, PPV, and NPV of 3T MRI for bronchiectasis was
68%, 100%, 100% and 71.43% respectively. The sensitivity, specificity,
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PPV, and NPV for consolidation was 80%, 100%, 100% and 96% re-
spectively. For detection of nodules, the sensitivity, specificity, PPV,
and NPV was 75%, 100%, 100% and 88.46% respectively. There was
100% sensitivity, specificity, PPV and NPV for mucus impaction. There
was a high degree of interobserver agreement for MRI findings
(k = 0.9-1) as well as agreement (k = 0.7-1) between CT and MRI for
all the four findings.

Our results compare favourably with the previous studies. Gorkem
et al, evaluated 71 children with various thoracic abnormalities in-
cluding 21 children with infection [27]. They compared CT and MRI
findings and reported sensitivity and specificity of 96% and 100%, re-
spectively for MRI. Consolidation was correctly detected by MRI in all
children while bronchiectasis and nodules were detected in 86% and
83% children respectively. In their evaluation of 75 children with
pulmonary infections, Sodhi et al. compared the diagnostic perfor-
mance of MRI [30]. Similar to the results of the present study as well as
a study by Gorkem et al, consolidation was detected in all children. MRI
detected bronchiectasis in 80% and nodules in 97% of cases. Twenty-six
children with febrile neutropenia were evaluated in an earlier study by
Sodhi et al, to compare CT and MRI [8]. A sensitivity and specificity of
100% were reported for MRI for the detection of consolidation and
nodules. Other studies have also reported an excellent agreement be-
tween CT and MRI in children with cystic fibrosis and pulmonary tu-
berculosis [16,29]. The results of our study compare favourably with
these findings.

High-attenuation mucus (HAM) is the pathognomonic finding of
ABPA. HAM is said to be present if the density of mucus is more than
the paraspinal skeletal muscle (generally =70 HU). The presence of
HAM suggests that the underlying cause of bronchiectasis is ABPA [33].

The presence of HAM is also a marker of severe disease and in-
dicates a patient with propensity for recurrent exacerbations [34].IMIS
is a new sign described on MR in patients with CF-ABPA. The presence
of IMIS identifies mucus that is abnormal and is encountered in those
with CF-ABPA [35]. In the study by Dournes et al, MRI of the airway
mucus contrast was used as a tool to diagnose ABPA in patients with
cystic fibrosis [35]. The presence of mucus with both high T1 and low
T2 signal intensities (referred to as inverted mucus impaction signal-
"IMIS") was qualitatively and quantitatively evaluated in patients with
cystic fibrosis. They reported IMIS sign in 17 patients and found a very
good intra and inter-reader reproducibility. We found this sign in only
one child (in two lobes) in the present study. This correlated well with
the HAM on CT and was correctly identified by both the observers. The
relative paucity of this sign in our study relates well to the rarity of
these findings in both children and adults as reported in other studies.
However, when detected, the finding of HAM on CT or IMIS on MRI
should allow a confident diagnosis of ABPA.

There are a few limitations in this study. First, this is a relatively
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small study group and a larger study group would have more reliability,
however, it is disease-specific and it would be difficult to collect a si-
milar disease-specific cohort in children who would fit into ABPA de-
finition criteria easily and who require imaging. Also, more than 50% of
children had normal imaging. This reduced the number of imaging
abnormalities that could be evaluated. However, we have calculated
sensitivity and specificity based on total number of lesions in pul-
monary lobes rather than the number of children. Only one child had
the MRI correlate of HAM (i.e. IMIS) in two lobes. As this sign is very
specific for ABPA (though uncommon) a larger number of children with
ABPA would have validated the MRI accuracy of this sign. A newer,
ultrashort echotime MRI (UTE-MRI) sequence has been shown to ac-
curately detect lung structural abnormailities, mucus plugs, bronch-
iectasis, consolidation and thickening of bronchial wall in CF patients
that correlated well with CT scan [36]. However, we could not explore
the utility of this UTE- MRI sequence in these children, as it is as yet not
commercially available in our country.

In conclusion, based on our initial results, 3T MRI has a high spe-
cificity, positive predictive value as well as substantial interobserver
agreement for the diagnosis of imaging abnormalities in children with
ABPA. However, it demonstrates lower sensitivity and negative pre-
dictive value when compared to CT scan, which is the currently ac-
cepted imaging gold standard. Newer MR sequences need to be ex-
plored and validated to enhance the potential of lung MRI in ABPA.
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