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ABSTRACT 

Objective: To find out the validity of chest x-ray (CXR) in patients suspected of foreign body (FB) aspiration in our population 
considering bronchoscopy and/or thoracotomy as gold standards. 
Study Design: A prospective validation study. 
Place and Duration of Study: Departments of thoracic surgery, otorhinolaryngology, and diagnostic radiology from 
Combined Military Hospitals of Rawalpindi, Lahore, Malir, and Quetta and Pakistan Naval Ship Shifa, Karachi Pakistan, from 
Aug 2006 to Nov 2017. 
Methodology: We included consecutive patients who underwent bronchoscopy and/or thoracotomy for suspected FB 
aspiration and recorded the findings observed on bronchoscopy and/or thoracotomy. The available radiological data 
pertinent to all included patients were recovered from the patients and the respective radiological departments. The CXRs 
were carried out in poster anterior or anteroposterior and lateral views and reviewed by consultant radiologists. All 
bronchoscopies were done using Karl Storz Ventilating Bronchoscopes. 
Results: Out of 112 patients with FB aspiration, (mean age: 6 ± 7 years, range 1-45 years), 77 (68.8%) cases were male and 35 
(31.3%) were females. Chest x-rays were normal in 27(24.1%) cases, while in 85 (75.9%) cases, a direct or indirect evidence of 
FB aspiration was observed.  The commonest radiological finding was a radiopaque FB in 31(27.7%) cases. The sensitivity of 
CXR was 76.4%, while specificity was 50%, with positive predictive value of 98.8%, and negative predictive value of 3.7%. The 
accuracy rate was 76%.  
Conclusion: Chest x-ray is a good screening tool for the diagnosis of airway FB but a normal CXR does not always rule out FB 
aspiration in patients with a positive clinical evaluation. 
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INTRODUCTION 

Foreign body (FB) aspiration is the introduction of 
solid matter into the airway at the level of the glottal 
opening, larynx, trachea, or bronchi. It is the major 
cause of mortality and morbidity the world over.  Mor-
bidity associated with FB aspiration can be either ins-
tant or delayed. Instant morbidity usually occurs when 
the FB becomes lodged in the glottal opening, larynx, 
or trachea, partially or completely obstructing the mo-
vement of air to both lungs. Instantmorbidity includes 
respiratory arrest, pulmonary edema, pneumothorax, 
pneumomediastinum, subcutaneous emphysema, hy-
poxic neurologic damage, and cardiac arrest. Delayed 
morbidity usually occurs when the FB lodges in one of 
the main or distal bronchi, obstructing airflow to the 
lung distal to the blockage. Delayed morbidity inclu-
des recurrent pneumonia, bronchiectasis, and pyelo-
pneu-mothorax. 

Timely diagnosis and management of FB aspira-

tion can prevent mortality and morbidity associated 
with FB aspiration.Since its inception,chest x-ray (CXR) 
has been in use for the diagnosis of unexplained res-
piratory symptoms and ailments including FB aspira-
tions. It remained the only principal investigation of 
choice for FB aspiration cases till the advent of compu-
terized tomographic (CT)scan. The multi-planar CT 
scan and virtual bronchoscopy have taken the initial 
evaluation of suspected FB aspiration to further 
heights. The significance of these investigations beco-
mes critical in cases of small children and mentally 
retarded, intoxicated, and unconscious adults,where 
the clinical picture or presentation of FB aspiration is 
always dubious. Although bronchoscopy is the main-
stay of diagnosis and treatment in these cases, it is a 
highly risky procedure and one has to be hundred 
percent sure of aspiration, location of FB, and at times, 
type of FB. Also, as the majority of the population in 
developing countries like Pakistan lives in areas where 
specialized procedures like bronchoscopy are unavail-
able, the only supportive investigation that is available 
is a CXR. So, the importance of CXR in suspected FB 
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aspiration cannot be underestimated. In this study 
also, we tried to find out how valid a CXR is, in 
patients with suspected FB aspiration, based on results 
in the Pakistani population. The bronchoscopy and/or 
thoracotomy were considered the gold standard in our 
study 

METHODOLOGY 

This was a prospective validation study carried 
out in: Departments of thoracic surgery, otorhinolaryn-
gology, and diagnostic radiology fromCombined 
Military Hospitals of Rawalpindi, Lahore, Malir, and 
Quetta and Pakistan Naval Ship Shifa, Karachi, from 
Aug 2006 to Nov 2017. 

A sample size of 112 was calculated using a 
sample size calculator1 while using a sensitivity of 2 
(60%), specificity of 2 (32%), expected prevalence of 
46.9%3, desired precision of 0.1, and confidence level 
of 90%. 

Inclusion Criteria: Consecutive patients who under-
went bronchoscopy and/or thoracotomy for suspected 
FB aspiration.  

After permission from the institutional ethical 
review committee and written informed consent from 
all patients or their caregivers, we recorded the find-
ings observed onbronchoscopy and/or thoracotomy, 
along withthe age and gender of the patienton a 
proforma. The available radiological data pertinent to 
all included patients were recovered from the patients 
and the respective radiological departments. 

All the CXRsin posteroanterior (PA) or antero-
posterior (AP) and lateral views were carried out using 
the Shimadzu R-20J x-ray system (Shimadzu Corpo-
ration, Kyoto, Japan) and GE 5135678-3 x-ray system 
(GE Hualun Medical Systems Company, Beijing, 
China). The CXRs were reviewed by consultant radio-
logists. All bronchoscopies were done using Karl   
Storz Ventilating Bronchoscope (Karl Storz SE & Co., 
Tuttlingen, Germany) 

The Statistical Package for Social Sciences ver 20 
(IBM Corp., Armonk, NY, USA) and Med Calc v 14.8.1 
(MedCalc Software, Ostend, Belgium) were used for 
the statistical analysis. Means and standard deviations 
were calculated for quantitative variables and frequen-
cies as well as percentages were calculated for the 
qualitative variables.  Sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value 
(NPV), were also calculated through the software.    
The accuracy of CXR for FB aspiration was estimated 

through the following formula: Accuracy = TP+TN/ 
TP+TN+FP+FN × 100Where; 

TP: True positive (Positive on CXR and broncho-
scopic and/or thoracotomy evaluation). FP: False posi-
tive (Positive on CXR and negative on bronchoscopic 
and/or thoracotomy evaluation). TN: True negative 
(Negative on CXR and bronchoscopic and/or thora-
cotomy evaluation). FN: False negative (Negative on 
CXR and positive on bronchoscopic and/or thoraco-
tomy evaluation). 

RESULTS 

Out of 112 patients with FB aspiration, (mean age: 
6 ± 7 years, range 1-45 years), 77 (68.8%) cases were 
male and 35 (31.3%) were females (male to female 
ratio: 2.2:1). Chest x-rayswere normal in 27 (24.1%) 
cases, while in 85 (75.9%) cases, adirectorindirect 
evidence of FB aspiration was observed. The com-
monest radiological finding was a radiopaque FB in 
31(27.7 %) cases (Figure-1). 
 

 
Figure-1: Figure showing radiopaque foreign body in chest        
x-ray. 
 

This was followed by air trapping, 24 (21.4%) 
(Figure-2), segmental or lobar collapse, 12 (10.7%) 
(Figure-3), pneumonia 11 (9.8%), and non-specific 
infiltration, 7 (6.3%). 
 

 
Figure-2: Chest x-ray showing right sided air trapping. 
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Figure-3: Chest x-ray showing lobar collapse in right lung. 
 

Eighty-four radiologically positive patients had 
positive findings on bronchoscopy and/or thoraco-
tomy, while one had a negativebroncho-scopic evalua-
tion (Table). 
 

Table: Table showing cross-tabulation of positives and 
negatives on chest x-ray and bronchoscopy and/or thoraco-
tomy. 

Chest X-ray 
Bronchoscopy/Thoracotomy 

Positive Negative 

Positive 84 1 

Negative 26 1 
 

After analysis through the software, the 
sensitivity of CXR in the diagnosis of airway FB was 
76.4%, while specificity was 50%, with PPV of 98.8%, 
and NPV of 3.7%. The accuracy rate calculated through 
the above-mentioned formula was 76%. The receiver 
operating characteristic curve interpreting sensitivity 
and specificity levels has been presented in Figure-4. 
 

 
Figure-4: Receiver operating characteristic curve interpreting 
sensitivity and specificity levels among patients. 
 

DISCUSSION 

Diagnosis of FB aspiration begins with patient 
history and clinical examinationand can be streng-
thened by radiological findings. Presenting symptoms 
for aspiration of a FB may be nonspecific and can 
include coughing, wheezing, shortness of breath, and 
fever. Eliciting a careful history of any episode of 

choking, especially one associated with sudden onset 
of coughor shortness of breath, may prove important 
in not missing the diagnosis. Often the initial event 
lasts only for seconds to minutes and is followed by a 
period of no symptoms, misinterpreted as resolution 
by the patientand/or family. The re-emergence of sym-
ptoms of cough, wheeze, or dyspnea can often then be 
interpreted as acute pneumonia, asthma exacerbation, 
bronchiolitis, or croup. When examined, patients with 
FB aspiration may have focal wheezing or decreased 
air entry, but they might also have generalized whee-
zing or even a clear chest. If secondary pneumonia has 
developed, there may also be dullness to percussion or 
crackles on auscultation.  

Radiographs are commonly performed in patients 
with suspected FB aspiration. Screening radiographic 
studies include AP and lateral imaging of the soft tiss-
ues of the neck, inspiratory and expiratory PACXRs, 
and lateral CXRs. Metallic FB are easily identified on 
CXRs; however, most inhaled FB are radiolucent and 
can be suggestedonly by secondary changes.2 These 
include segmental or lobar collapse (Figure-2), air 
trapping (Figure-3), lobar or segmental infiltrates, or 
other chronic lung changes.2 Nevertheless, these fin-
dings are nonspecific and are also found in patients 
without FB aspiration. 

The male to female ratio of 2.2:1 was reported in 
our study. Similarly, male predominance was reported 
by other studies in the medical literature.4,6 The reason 
for male predominance remains unclear, however, 
some authors have attributed this to the more adven-
turous and impulsive nature of young boys. 

In our study, 27(24.1%) patients with suspicion of 
FB aspiration had normal CXR. The relevant medical 
literature has reported a wide range of the percentage 
of negative CXRs in suspected airway FB starting from 
8.7% to as high as 60%4,18 Liang et al,19 have reported an 
unusually low percentage of 0.75% of negative CXRs in 
such cases. We found the sensitivity and severity of 
CXRs to be 76.4% and 50% respectively. Sattar and 
colleagues found the sensitivity and specificity of 
CXRs in FB detection as 66.6% and 50% respectively.18 

Svedstrom and colleagues,20 found that the diagnostic 
accuracy, sensitivity, and specificity of CXRs in the 
diagnosis of tracheobronchial FBs were 67%, 68%, and 
67%, respectively. Normal CXR findings were obtained 
in 24% of patients who had bronchoscopically verified 
airway FB. Koşucuand the coworkers had found a 
sensitivity of 60% and a specificity of 32% respec-
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tively.2In their study of patients with laryngotracheal 
FBs, Esclamado and colleagues,21 reported that 92% of 
neck radiographs showed an infraglottic density or 
swelling and therefore suggested that PA and lateral 
neck radiographs should be part of the radiographic 
workup when FB aspiration is a concern. In contrast, 
58% of the patients in their study who had laryngo-
tracheal FB had normal CXR findings. Thus, CXR may 
not be sufficiently sensitive nor specific for the diag-
nosis of FB aspiration. However, its importance in 
suggesting the type of bronchoscopy cannot be over-
looked and,therefore, it has been included in the 
clinical algorithm for children with suspected FB 
aspiration.22 

The CXRs in the bulk (27.9%) of our sample sho-
wed a radiopaque FB making the diagnosis obvious on 
CXR, otherwise, a radiolucent FB could have become a 
great diagnostic dilemma inculcating a high index of 
suspicion. The second most common finding was air 
trapping seen in 21.6% of CXRs. Kaddah and Ahmed,8 

and Liang and colleagues,19also found radiopaque FB 
in most (78.8% and 67.5% respectively) of the sampled 
individuals. Yetim and colleagues,15observed radio-
paque FB in the majority (59.5%) of cases follo-wed by 
air trapping observed in 19% of cases. Arif et al,11 
Mallick,23 Ullah et al,17Sattar et al,18 Dar et al,9Kosucu et 
al,2 Naragund et al,10 Janahi  et al,22 and Memon et al,7 
reported air trapping as the most common complica-
tion of FB aspiration seen on CXRs while Fraga et al,14 
Sumanth et al,4 Jaswal et al,5 El dine Hamed et al,24 and 
Shah et al,13 found segmental or lobar collapse as the 
most common finding in 38.8%, 34.7%, 41.65%, and 
20.8% of the sample respectively. Sehgal et al,16 repor-
ted pneumonia in the CXRs of the maximum number 
(30.8%) of selected cases. 

Though x-rays give some direct or indirect signs 
of FB aspiration, ultimately, the airways need to be 
examined directly in all cases. Because complications 
such as pneumonia, granulation tissue formation, and 
bronchiectasis increase if the diagnosis is delayed, 
moving toward bronchoscopy early in the evaluation 
is preferred.Flexible bronchoscopy is generally the 
investigation of choice. Flexible bronchoscopy allows a 
complete airway evaluation to find potential FBs. If 
there is no FB, then the complete examination and 
bronchoalveolar lavage will help determine the cause 
of the respiratory symptoms. In only very limited 
cases, with experienced hands, should FB removal be 
attempted with flexible bronchoscopy because gras-
ping FBs with forceps out the end of a bronchoscope 

could easily lead to dislodgement of the object and 
acute airway obstruction. If a FB is detected on flexible 
bronchoscopy, the patient should undergo rigid bron-
choscopy for removal.25Rigid bronchoscopy allows 
ventilatory control of the airway, excellent visuali-
zation, and the ability to use a wide variety of forceps 
and other instruments to remove the FB. If the object 
becomes dislodged during rigid bronchoscopy, it is 
more easily retrieved while continuing to ventilate the 
child adequately. 

If there has been the development of infection or 
airway obstruction with granulation tissue because of a 
FB, the child should be treated with appropriate 
antibiotics and steroids to decrease airway inflam-
mation. Repeat evaluation of the airway may be neces-
sary to ensure the removal of all foreign objects, to re-
evaluate the development of granulation tissue, or to 
assess ongoing infection. Most children do well and 
recover fully, but having a high index of suspicion for 
FB aspiration will help resolve symptoms quickly and 
prevent complications. 

CONCLUSION 

Chest x-ray with a sensitivity of 76.4% and accuracy 
rate of 76% isa good screening tool for the diagnosis of 
airway FBbut a normal CXR does not always rule out FB 
aspiration in patients with a positive clinical evaluation. 

Conflict of Interest: None. 

Author’s Contribution 

MR:Conception, data collection, manuscript writing, HS: 
Conception, data collection, SBA: Manuscript writing, data 
analysis, interpretation, IUB: Manuscript review, RH: Data 
analysis, FM: Manuscript writing.   

REFERENCES 

1. Naing L. Sample size calculation for sensitivity and specificity 
studies. Mohd Ayub Sadiq School of Dental Sciences, Universiti 
Sans Malaysia; 2004, [Internet]Available at: www.kck.usm.my/ 
ppsg/samplesize_forsensitivity_specificitystudiesLinNaing.xls. 

2. Koşucu P, Ahmetoğlu A, Koramaz I, Orhan F, Ozdemir O, Dinç 
H, et al. Low-dose MDCT and virtual bronchoscopy in pediatric 
patients with foreign body aspiration. AJR Am J Roentgenol 
2004;183(6):1771-1777. 

3. Van Looij MA, Rood PP, Hoeve LJ, Borgstein JA. Aspirated 
foreign bodies inchildren: why are they more commonly found 
on the left? Clin Otolaryngol AlliedSci 2003;28(4):364-367. 

4. Sumanth TJ, Bokare BD, Mahore DM, Ekhar VR, Sakhare PT, 
Gawarle SH. Management of tracheobronchial foreign bodies: a 
retrospective and prospective study. Ind J Otolaryngol Head 
Neck Surg 2014;66(1):60-64. 

5. Jaswal A, Jana U, Maiti PK. Tracheo-bronchial foreign bodies: a 
retrospective study and review of literature. Ind J Otolaryngol 
Head Neck Surg 2014;66(1):156-160. 

6. Patil RT, Prakash A. Foreign bodies in aero-digestive tract in 
children: spectrum of presentation and management. Int Surg J 
2017;4(6):1889-1895. 

http://www.kck.usm.my/%20ppsg/samplesize_forsensitivity_specificitystudiesLinNaing.xls
http://www.kck.usm.my/%20ppsg/samplesize_forsensitivity_specificitystudiesLinNaing.xls


Validity of Chest X-Ray (CXR) 

Pak Armed Forces Med J 2022; 72 (2): 484 

7. Memon Y, Sheikh S, Querashi K, Querashi R. Foreign body 
inhalation in children. Med Channel 2011; 17(4): 38-40. 

8. Kaddah S, Ahmed S. Management of airway foreign                
body using flexible bronchoscopy: Experience with 80 cases 
during 2011–2013. Egypt J Chest Dis Tuberc 2015;64(1):             
261-267. 

9. Dar NH, Patigaroo SA, Hussain T. Foreign body inhalation in 
children: clinical presentations and x-ray chest findings. Intl J 
Med Sci Public Health 2016;5(11):2274-2278. 

10. Naragund AI, Mudhol RS, Harugop AS, Patil PH, Hajare PS, 
Metgudmath VV. Tracheo-bronchial foreign body aspiration in 
children: a one-year descriptive study. Indian J Otolaryngol 
Head Neck Surg 2014;66(1):180-185. 

11. Arif N, Ashfaq AH, Ajmal M, Mahmood K. Rigid bronchoscopy 
for tracheobronchial foreign bodies in children: experience           
at Holy Family Hospital Rawalpindi. Gomal J Med Sci 2014; 
12(2): 101-105. 

12. Dragičević D, Jovančević L, Jović RM, Vlaški L, Božić B. 
Tracheobronchial foreign body aspiration: A 13-year retros-
pective analysis. Medicinski Pregled 2014; 67(1):69-74. 

13. Shah FA, Cader SHA, Nair SKGR. Bronchoscopy as a therapeutic 
and diagnostic tool-a 10-year retrospective study-Sur Hospital 
experience. Otolaryngol Online J 2014; 4(1): 1-5. 

14. Fraga Ade M, Reis MC, Zambon MP, Toro IC, Ribeiro JD, Baracat 
EC. Foreign body aspiration in children: clinical aspects, radiolo-
gical aspects and bronchoscopic treatment. J Bras Pneumol 
2008;34(2):74-82. 

15. Yetim D, Bayarogullari H, Arica V, Akcora B, Arica S, Tutanc              
M. Foreign body aspiration in children; analysis of 42 cases. J 
Pulmon Resp Med 2012; 2(3): 121-125. 

16. Sehgal IS, Dhooria S. Foreign body inhalation in the adult 
population: experience of 25,998 Bronchoscopies and systematic 
review of the literature. Respir Care 2015; 60(10): 1438-1448. 

17. Ullah A. Endoscopic removal of the tracheobronchial foreign 
bodies at a peripheral Hospital. J Postgrad Med Inst 2011; 18(3): 
447-452. 

18. Sattar A, Ahmad I, Javed AM. Diagnostic accuracy of chest         
x-ray in tracheobronchial foreign body aspiration in paediatric 
patients. J Ayub Med Coll Abbottabad 2011; 23(4): 103-105. 

19. Liang J, Hu J, Chang H, Gao Y. Tracheo-bronchial foreign bodies 
in children - a retrospective study of 2,000 cases in Northwestern 
China. Ther Clin Risk Manag 2015; 11(1): 1291-1295. 

20. Svedström E, Puhakka H, Kero P. How accurate is chest radio-
graphy in the diagnosis of tracheobronchial foreign bodies in 
children? Pediatr Radiol 1989; 19(8): 520-522. 

21. Esclamado RM, Richardson MA. Laryngotracheal foreign bodies 
in children. A comparison with bronchial foreign bodies. Am J 
Dis Child 1987; 141(3): 259-262. 

22. Janahi IA, Khan S, Chandra P, Al-Marri N, Saadoon A. A new 
clinical algorithm scoring for management of suspected foreign 
body aspiration in children. BMC Pulm Med 2017;17(1):61-65. 

23. Mallick MS. Tracheobronchial foreign body aspiration in child-
ren: A continuing diagnostic challenge. Afr J Paediatr Surg 2014; 
11(3): 225-228. 

24. El dine Hamed DH, Naguib ML, El Attar MM. Foreign body 
aspiration in children and role of flexible bronchoscopy: A 3-year 
experience. Egypt Pediatr Assoc Gaz 2016; 64(4): 167-170. 

25. Daines CL, Wood RE, Boesch RP. Foreign body aspiration: an 
important etiology of respiratory symptoms in children. J 
Allergy Clin Immunol 2008; 121(5): 1297-1298. 

 


