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Abstract
Introduction: Chest radiography has been the most commonly used tool for evaluating pulmonary
disease in cystic fibrosis (CF) in all age groups, by using the Brasfield scoring system which was
created in 1979 to evaluate the evolution of pulmonary abnormalities in CF. The scoring system has
a maximum possible score of 25. Points are subtracted based on radiological findings. A higher overall
score indicates greater disease severity. The minimum possible score is 3.
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Objectives: This study evaluates the radiologic findings in pediatric and adult patients with CF
by using the Brasfield scoring model at the time of diagnosis.
Methodology: A retrospective chart review to identify the Brasfield score on plain chest x-ray
findings in our confirmed CF patients from the period 1989-2018.
Introduction
Results: A total of 229 confirmed CF patients. Applying Brasfield score (BS): Twenty-seven (12%)
had normal lungs, 33 (14%) had mild changes with BS of 10 points, 77 (34%) had moderate
changes with BS of 15 points, 72 (31%) had severe changes with BS of 20 points, 20 (9%) had
very severe changes with BS of >21 points with complications as pneumothorax and empyema.
Sixteen out of the 92 patients (17%) with BS >20 required lung transplants, 2 of the recipients
died post lung transplant.
Conclusion: Chest radiography is an important tool to evaluate the severity of pulmonary
involvement and to institute proper treatment early to prevent the progression of the disease. More
than 40% of CF patients had severe x-ray changes with BS score >20 points that may require
lung transplantation or may have a progressive disease.
Keywords: Chest x-ray, Brasfield, CFTR, cystic fibrosis, Arab.

Introduction:
Cystic fibrosis (CF) lung disease begins in early childhood. Evidence of the presence of potentially
irreversible pulmonary findings is detected in the chest radiographs of up to 50% of children by the age
of 2 years [1–3]. The pulmonary evaluation of children younger than 6 years is limited, particularly in
low–middle-income settings, because of the unavailability of spirometers and chest CT, the difficulty in
gaining the cooperation of young children when performing spirometry and the reluctance to expose
young children to the higher doses of ionizing radiation attributed to chest CT.
Chest radiography has been the most commonly used tool for evaluating pulmonary disease in all age
groups, together with microbiological monitoring of the airway [1–3].
The systematized study of chest radiographs by radiographic scoring allowed for the objective analyses
of pulmonary lesions and the comparison of disease severity among patients. Authors have recently
shown that quantitative chest radiology is the best procedure for the frequent assessment of
bronchopulmonary disease in CF [4].
The Brasfield scoring system was created in 1979 and has been extensively used scientifically to evaluate
the evolution of pulmonary abnormalities in children and adults with CF.
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The Brasfield scoring system is simple, has a high degree of intra- and inter-observer reproducibility,
and correlates with the child’s clinical status and with pulmonary function tests [5]. Greater knowledge
of the disease, early diagnosis, follow-up of patients to control pulmonary infections, and appropriate
weight gain has contributed significantly to increasing patient survival [6–15].
Cystic fibrosis patients experience a progression of their disease [14]. However, while chest x-rays are
useful to monitor chronic disease progression, acute exacerbations are not always associated with
radiographic changes. Therefore, a lack of radiographic findings does not rule out acute pulmonary
exacerbations[15].
This study evaluates the radiologic findings in pediatric and adult patients with CF by using the Brasfield
scoring model at the time of diagnosis and its evolution through the follow-up period.

Aim of the Study
To identify the Brasfield score on plain chest x-ray findings in our confirmed CF patients during the
period 1989-2018.

Methodology
A retrospective chart review of all confirmed CF patients who had chest radiological investigations on
their first visit, during the period 1st January 1989- 30 December 2018. After obtaining the ethical
approval, charts were reviewed, and the information aiming at answering the above objectives was
collected, tables and charts have been used to present the data appropriately. A literature review follows
along with an appropriate analysis of the available information.
Inclusion Criteria: All confirmed CF patients of all age groups that had chest x-rays done at diagnosis
and last follow-up period during the period 1989 – 2016.
Exclusion Criteria: Clinical symptoms, with normal sweat CL level, in addition to pathologic CFTR
mutations on one chromosome only. No clinical symptoms, with borderline or normal sweat CL level,
and no CFTR mutations.
Brasfield Scoring System: [5,6,13]
The Brasfield scoring system is a scoring system for cystic fibrosis. It is based on plain film radiographic
findings and has been reported to have a good correlation with pulmonary function. There can however
be some subjectivity in scoring between radiologists.
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Figure (1): There is bilateral peribronchial wall thickening and branching opacities at the right upper
lobe and lingula related to early bronchiectatic changes.
A maximum possible score of 25. Points are subtracted based on the score from each of the following
categories:
1. Air trapping: 0: absent, 1-3: increasing severity, 4: most severe (figure (1)
2. Linear markings: 0: absent, 1-3: increasing severity, 4: most severe (figure (1)
3. Nodular cystic lesions: 0: absent, 1-3: increasing severity, 4: most severe
4. Large lesions: 0: absent, 3: segmental or lobar atelectasis and pneumonia, 5: multiple atelectasis
and pneumonia (figure 2)
5. General severity: (impression of overall severity on CXR): 0: absent, 1-3: increasing severity, 4:
complications: (cardiac enlargement, pneumothorax), 5: most severe (figure 3 and figure 4).
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Overall score: 25 - total demerit points. A higher overall score indicates greater disease severity. The
minimum possible score is 3.

Figure (2): Diffuse bronchiectatic changes throughout both lungs more prominent at the perihilar and
upper lobes bilaterally. Peribronchial wall thickening with increased hilar opacities due to underlying
enlarged lymphadenopathy. Linear left lower lobe atelectasis.
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Figure (3): Bilateral diffuse bronchiectatic changes. Right lower lobe cardiophrenic airspace opacity,
related to mucous filling the bronchiectatic cavities. Right upper lobe ground-glass patchy opacity due
to fibrosis.
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Figure (4): Bilateral diffuse bronchiectasis with fibrotic streaks.

ETHICAL CONSIDERATIONS: All data were stored in the Pediatric Research Unit, accessed only by the
Principal Investigator and the assigned Assistant Clinical Research Coordinators. The patient’s
information was kept strictly confidential. Each patient was given a study number, and all patient data
were entered into the designated data sheet (EXCEL) without any patient identifiers. The data that were
collected from this study was electronically entered into a database. The Declaration of Helsinki and
GCP guidelines have been followed.

Citation: Hanaa Banjar “Chest X-Ray Changes in Cystic Fibrosis Patients in A Tertiary Care Center” MAR Pediatrics 1.1
www.medicalandresearch.com (pg. 7)

Journal of MAR Pediatrics (Volume 1 Issue 1)
STATISTICAL STATEMENT: The Department of Biostatistics, Epidemiology and Scientific Computing
(BESC) carried out statistical analysis of the data utilizing the appropriate techniques.

Results
A total of 229 confirmed CF patients. The most common radiological findings at presentation were:
Diffuse infiltrate in 70 (30.6%), hyperinflation in 49 (21.4%), bronchiectasis in 44 (19.2%), fibrotic
changes in 9 (3.9%), bronchial wall thickening in 136 (59.4%), nodular changes in 7 (3%), cystic changes
in 9 (3.9%), interstitial changes in 33 (14.4%), atelectatic changes in 38 (16.6%), and increased
vascularity in 10 (4.8%). (Table 1)

Chest X-ray changes

Score # (%)
0

1

2

3

4

Severity
n

%

n

%

n

%

n

%

n

%

Diffuse Infiltrate

159

69.4

6

2.6

28

12.2

8

3.5

28

12.2

Hyperinflation

180

78.6

5

2.2

-

-

2

0.9

42

18.3

Bronchiectasis

185

80.8

4

1.7

18

7.9

4

1.7

18

7.9

Fibrotic changes

220

96.1

3

1.3

2

0.9

-

-

4

1.7

Bronchial wall thickening

93

40.6

13

5.7

55

24.0

13

5.7

55

24.0

Nodular changes

222

96.9

-

-

3

1.3

-

-

4

1.7

Cystic changes

220

96.1

3

1.3

4

1.7

-

-

2

0.9

Interstitial Changes

196

85.6

5

2.2

12

5.2

8

3.5

8

3.5

Atelectatic changes

191

83.4

7

3.1

26

11.4

2

0.9

3

1.3

219

95.6

4

1.7

5

2.2

-

-

1

0.4

27

11.8

33

14.4

77

33.6

72

31.4

20

8.7

Increased
Changes
Final Score

Vascularity

0 = normal, 1 = mild, 2 = moderate, 3 = severe, 4 = most severe
Table 1: Brasfield scoring of Chest X-ray changes of cystic fibrosis patients (Total= 229 Patients)
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Applying Brasfield score (BS): Twenty-seven (12%) had normal lungs, 33 (14%) had mild changes with
BS of 10 points, 77 (34%) had moderate changes with BS of 15 points, 72 (31%) had severe changes
with BS of 20 points, 20 (9%) had very severe changes with BS of >21 points with complications as
pneumothorax and empyema. Sixteen out of the 92 patients (17%) with BS >20 required lung
transplants, 2 of the recipients died post lung transplant. (Table 1), (figures 1-4).

Discussion
Previous studies have shown that anatomical and physiological differences result in cystic fibrosis
progressing at different rates at different regions of the lungs [16] The upper lobes and most commonly
the right upper lobe being the most severely affected [17]. In contrast, the proximity of the lower lobes
to the diaphragm results in a greater ventilatory excursion which promotes the mobilization of sticky
mucus from the bronchi in these lower regions[16].
In our study chest x-rays were obtained for 229 cystic fibrosis patients at presentation. After applying
the Brasfield score a majority of 155 out of 229 (65%) of patients had moderate or severe changes
indicating that they had moderate to severe disease based on radiological findings. 14% had the mild
disease while 9% had very severe disease. (Table 1)
Common radiological findings included diffuse infiltrates, hyperinflation, bronchiectasis, bronchial wall
thickening and atelectasis – all hallmarks of the CF lung. Hyperinflation of the lungs due to obstruction
of the small airways leads to air trapping [18]. Increased incidence of bacterial infection leads to
bronchial wall thickening which then progresses to bronchiectasis[18]. Since bronchiectasis is
considered one of the earliest irreversible structural abnormalities detected by imaging it is even seen
in asymptomatic infants identified by newborn screening [19].
Our study showed the combination of moderate to severe disease that includes fibrotic changes as a
healing process in 6 (2.6%), nodular changes in 7 (3%) and cystic changes in 6 (2.6%). A total of 19
(8.25%) (Table 1). Which are considered permanent changes of CF disease that may progress gradually
to end-stage lung disease if not treated properly and at the appropriate time.
Furthermore, our study showed that 77 (34%) already had moderate changes while 72 (31%) already
had severe changes on their chest x-rays on the first presentation. This illuminates the issue that many
CF patients present to our CF center with already advanced disease due to delayed referral to the CF
center and poor knowledge of pulmonary CF disease in the community. This leads to the low median
survival of 22 years at our center compared to the 45 years reported in European and North American
studies [20]. Other factors may also have contributed to the progression of their CF diseases such as
CFTR mutations and poor compliance to medications [21].
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Chrispin and Norman [2] described their structured methods of semi-quantifying the morphological
features that are commonly seen in CF patients by chest radiograph, but the illustrations for their
scoring system are limited [22].
Chest x-ray has often been replaced by computed tomography (CT) at specialized centers, because of its
higher sensitivity for early and subtle changes in the CF lung [19]. However, the use of CT for shortterm follow-up in infants and preschool children as well as lifelong longitudinal monitoring is
accompanied by an accumulation of radiation dose [19]. Most recently, magnetic resonance imaging
(MRI) has emerged as a radiation-free technique for assessing the CF lung [19]. Besides morphological
information comparable to CT, MRI can depict several components of lung function, i. e. respiratory
movements, ventilation and perfusion. CXR, CT and MRI each have intensively studied individual
strengths and drawbacks. The risk of sedation in preschool children and allergies against MRI contrast
material must be weighed against the risk from radiation exposure [19]. MRI’s capability for combined
morphological and functional imaging at sufficient spatial and high temporal resolution to obtain
information on regional lung function should be taken into account as well. To appreciate its advantages
over CT, a perfusion study, which is available on most state-of-the-art MRI scanners already, should be
included in the MRI protocol [19].
Our study is limited as it was a retrospective study as we didn’t have any control over the internal
radiologist's differences and did not establish criteria for chest x-ray interpretation, but it was usually
read by 1-2 radiologists that have the internal agreement of similar interpretation criteria.

Conclusion
Chest radiography is an important tool to evaluate the severity of pulmonary involvement and to institute
proper treatment early to prevent the progression of the disease. More than 40% of CF patients at our
center had severe x-ray changes with Brasfield score >20 points that may require lung transplantation
or may have progressive disease.

Acknowledgment: Dhefaf AlAbdaly, Manal AlSheikh, Sara Alkaf, from Biostatistics, Epidemiology, and
scientific computing Department, King Specialist Hospital and Research Center (KFSHRC), Riyadh. KSA
for their contribution in data entry.

References
[1] Farrell PM, Li Z, Kosorok MR, Laxova A, Green CC, Collins J, et al. Bronchopulmonary Disease in
Children with Cystic Fibrosis after Early or Delayed Diagnosis. American Journal of Respiratory and
Critical Care Medicine 2003. https://doi.org/10.1164/rccm.200303-434OC.

Citation: Hanaa Banjar “Chest X-Ray Changes in Cystic Fibrosis Patients in A Tertiary Care Center” MAR Pediatrics 1.1
www.medicalandresearch.com (pg. 10)

Journal of MAR Pediatrics (Volume 1 Issue 1)
[2] Sanders DB, Li Z, Rock MJ, Brody AS, Farrell PM. The sensitivity of lung disease surrogates in
detecting chest CT abnormalities in children with cystic fibrosis. Pediatric Pulmonology 2012.
https://doi.org/10.1002/ppul.21621.
[3] Rosenfeld M, Farrell PM, Kloster M, Swanson JO, Vu T, Brumback L, et al. Association of lung
function, chest radiographs and clinical features in infants with cystic fibrosis. European Respiratory
Journal 2013. https://doi.org/10.1183/09031936.00138412.
[4] Farrell PM, Li Z, Kosorok MR, Laxova A, Green CG, Collins J, et al. Longitudinal evaluation of
bronchopulmonary

disease

in

children

with

cystic

fibrosis.

Pediatric

Pulmonology

2003.

https://doi.org/10.1002/ppul.10336.
[5] Brasfield D, Hicks G, Soong SJ, Tiller RE. The chest roentgenogram in cystic fibrosis: A new scoring
system. Pediatrics 1979.
[6] Cleveland RH, Neish AS, Zurakowski D, Nichols DP, Wohl MEB, Colin AA. Cystic fibrosis: A system
for

assessing

and

predicting

progression.

American

Journal

of

Roentgenology

1998.

https://doi.org/10.2214/ajr.170.4.9530060.
[7] Cleveland RH, Neish AS, Zurakowski D, Nichols DP, Wohl MEB, Colin AA. Cystic fibrosis: Predictors
of accelerated decline and distribution of disease in 230 patients. American Journal of Roentgenology
1998. https://doi.org/10.2214/ajr.171.5.9798870.
[8] Sawicki GS, Ayyagari R, Zhang J, Signorovitch JE, Fan L, Swallow E, et al. A pulmonary exacerbation
risk score among cystic fibrosis patients not receiving recommended care. Pediatric Pulmonology 2013.
https://doi.org/10.1002/ppul.22741.
[9] Regelmann WE, Schechter MS, Wagener JS, Morgan WJ, Pasta DJ, Elkin EP, et al. Pulmonary
exacerbations in cystic fibrosis: Young children with characteristic signs and symptoms. Pediatric
Pulmonology 2013. https://doi.org/10.1002/ppul.22658.
[10] Oliveira MCLA, Reis FJC, Oliveira EA, Colosimo EA, Monteiro APAF, Penna FJ. Prognostic factors
in cystic fibrosis in a single center in Brazil: A survival analysis. Pediatric Pulmonology 2002.
https://doi.org/10.1002/ppul.10149.
[11] Cantón R, Cobos N, de Gracia J, Baquero F, Honorato J, Gartner S, et al. Antimicrobial therapy for
pulmonary pathogenic colonisation and infection by Pseudomonas aeruginosa in cystic fibrosis patients.
Clinical Microbiology and Infection 2005. https://doi.org/10.1111/j.1469-0691.2005.01217.x.
[12] Moore BM, Laguna TA, Liu M, McNamara JJ. Increased adherence to CFF practice guidelines for
pulmonary

medications

correlates

with

improved

FEV1.

Pediatric

Pulmonology

2013.

https://doi.org/10.1002/ppul.22665.

Citation: Hanaa Banjar “Chest X-Ray Changes in Cystic Fibrosis Patients in A Tertiary Care Center” MAR Pediatrics 1.1
www.medicalandresearch.com (pg. 11)

Journal of MAR Pediatrics (Volume 1 Issue 1)
[13] Brasfield D, Hicks G, Soong SJ, Peters J, Tiller R. Evaluation of scoring system of the chest
radiograph in cystic fibrosis: A collaborative study. American Journal of Roentgenology 1980.
https://doi.org/10.2214/ajr.134.6.1195.
[14] Terheggen-Lagro SWJ, Arets HGM, van der Laag J, van der Ent CK. Radiological and functional
changes over 3 years in young children with cystic fibrosis. European Respiratory Journal 2007.
https://doi.org/10.1183/09031936.00051406.
[15] Greene KE, Takasugi JE, Godwin JD, Richardson ML, Burke W, Aitken ML. Radiographic changes
in acute exacerbations of cystic fibrosis in adults: A pilot study. American Journal of Roentgenology
1994. https://doi.org/10.2214/ajr.163.3.8079843.
[16] Friedman PJ, Harwood IR, Ellenbogen PH. Pulmonary cystic fibrosis in the adult: Early and late
radiologic

findings

with

pathologic

correlation.

American

Journal

of

Roentgenology

1981.

https://doi.org/10.2214/ajr.136.6.1131.
[17] Li Z, Sanders DB, Rock MJ, Kosorok MR, Collins J, Green CG, et al. Regional differences in the
evolution

of

lung

disease

in

children

with

cystic

fibrosis.

Pediatric

Pulmonology

2012.

https://doi.org/10.1002/ppul.21604.
[18] Rossi UG, Owens CM. The radiology of chronic lung disease in children. Archives of Disease in
Childhood 2005; 90:601–7. https://doi.org/10.1136/adc.2004.051383.
[19] Wielpütz MO, Eichinger M, Biederer J, Wege S, Stahl M, Sommerburg O, et al. Imaging of Cystic
Fibrosis Lung Disease and Clinical Interpretation. RoFo Fortschritte Auf Dem Gebiet Der
Rontgenstrahlen Und Der Bildgebenden Verfahren 2016. https://doi.org/10.1055/s-0042-104936.
[20] Banjar H, Angyalosi G. The road for survival improvement of cystic fibrosis patients in Arab
countries.

International

Journal

of

Pediatrics

and

Adolescent

Medicine

2015;2:47–58.

https://doi.org/10.1016/j.ijpam.2015.05.006.
[21] Banjar HH, Tuleimat L, el Seoudi AAA, Mogarri I, Alhaider S, Nizami IY, et al. Genotype patterns for
mutations of the cystic fibrosis transmembrane conductance regulator gene: A retrospective descriptive
study from Saudi Arabia. Annals of Saudi Medicine 2020; 40:15–24. https://doi.org/10.5144/02564947.2020.15.
[22] Chrispin AR, Norman AP (1974) The systematic evaluation of the chest radiograph in cystic fibrosis.
Pediatr Radiol 2:101–105 3.

Citation: Hanaa Banjar “Chest X-Ray Changes in Cystic Fibrosis Patients in A Tertiary Care Center” MAR Pediatrics 1.1
www.medicalandresearch.com (pg. 12)

