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Background: Small biopsy samples are generally considered inconclusive for bronchiolitis obliterans 
organizing pneumonia (BOOP) diagnosis despite their potential to reveal organizing pneumonia (OP) 
pathologically, necessitating risky invasive tissue biopsy during surgery for reliable confirmation. 
Objective: OP by CT-guided lung biopsy was to evaluate the role in the diagnosis of BOOP.
Methods: A retrospective review of 134 cases with the OP feature in the CT-guided lung biopsy samples 
between 2004 and 2011 at a single center was conducted. Diagnostic accuracy of OP by CT-guided lung 
biopsy and clinical-radiographic data alone were compared.
Results: After exclusion of 11 cases due to pathology with others besides OP and 15 cases for loss to 
follow-up, 108 were included. Of these, 95 cases and 13 cases were classified as BOOP and non-BOOP 
group, respectively. Among BOOP group, only 30 were initially diagnosed as BOOP according to the typical 
clinical and radiographic features. The other 65 cases with atypical features were diagnosed as BOOP mainly 
based on OP by CT-guided lung biopsy. Among non-BOOP group, one was misdiagnosed as BOOP, and 
others were not BOOP according to clinical and radiographic findings. Thus, OP by CT-guided lung biopsy 
produced a diagnostic accuracy of 87.96% (95/108), much higher than 31.25% (30/96) observed using 
clinical and radiographic data alone. Combined, these techniques produced diagnostic accuracy of 98.96% 
(95/96).
Conclusions: OP by CT-guided lung biopsy can be effectively used as the pathological evidence for 
BOOP diagnosis and reducing unnecessary surgery.
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Introduction

Bronchiolitis obliterans organizing pneumonia (BOOP) 
occurs when bronchiolar inflammation rapidly progresses and 
disrupts areas of the airways due to organizing pneumonia 
(OP), characterized by loose plugs of granulation tissue 
(Masson bodies) within bronchioles or alveoli (1-3). Since 
BOOP was first described by Epler et al. (4) in 1985, it has 
been reported worldwide as a distinct clinicopathological 
entity (2). In modern literature, BOOP is distinguished 
from bronchiolitis obliterans by assignment of the terms 
cryptogenic (COP) or secondary organizing pneumonia 
(SOP), based on clinical presentation guidelines (2,5). The 
term BOOP is used here, as no clear proof exists that COP 
and SOP represent two distinct clinical entities (6-8).

Since over 80% of BOOP cases are curable (1), accurately 
distinguishing BOOP from other interstitial lung diseases 
and pulmonary infectious diseases is critical. However, the 
BOOP diagnosis as other interstitial pneumonia requires 
the clinic-radiologic-pathologic data (2) for the typical 
symptoms and radiographic features are nonspecific, and the 
pathological hallmark of OP can occur in a variety of other 
infectious diseases, lung cancer, vasculitis and so on (3,9). 
Since the OP is nonspecific, a rather large piece of lung tissue 
is required (2,5). The surgical lung biopsy is recommended 
by 2002 ATS/ERS Consensus Classification of the Idiopathic 
Interstitial Pneumonias for the diagnostic accuracy is 
about 90% (2,5,9-14). Such specimens, however, require 
general anesthesia and cases incur substantial morbidity and 
mortality risks (13-15). Safer and more effective methods for 
identifying BOOP-associated OP are urgently needed.

Though transbronchial lung biopsy (TBLB) is an 
important minimally invasive lung biopsy method, only 
7-37% of patients are revealed in these samples (5,10). 
Thus, TBLB may be of limited use in BOOP diagnosis 
(5,10). Alternatively, several recent studies (16-18) have 
applied CT-guided lung biopsy for diagnosis of lung lesions, 
producing acceptable results with relatively lower costs and 
complication rates. CT-guided lung biopsy for BOOP has 
been reported in isolated cases (19-21); however, no broad 
clinical assessments of accuracy in small biopsy specimens 
with non-specific OP have been conducted (5).

To investigate the effectiveness of diagnosing BOOP 
using specimens produced by CT-guided lung biopsy in 
patients with non-specific OP, a retrospective analysis was 
conducted. These findings allow for the evaluation of OP in 
CT-guided lung biopsy specimens, as a reliably pathological 
evidence for BOOP.

Materials and methods

The study protocol was approved by the Drum Tower 
Hospital Institutional Review Board of the Medical School 
of Nanjing University (Nanjing, China) prior to beginning 
the study. Patient consent was not required for the 
retrospective study. The diagnostic pathology archives of 
the Drum Tower Hospital were searched for cases in which 
the terms ‘‘OP’’ and “CT-guided lung biopsy” were present. 
A total of 134 cases from 1 January 2004 to 31 December 
2011 were identified. The morphologic feature of OP using 
published histological criteria (2,3,5) was confirmed by two 
independent and experienced pathologists. Eleven patients 
were excluded from the 134 cases due to the OP was not the 
only finding in the tissue: vasculitis (three cases), suspected 
pulmonary abscess (one patient), pulmonary tuberculosis 
(one patient), cryptococcus pneumonia (two cases), 
pulmonary aspergillosis (two cases), pulmonary infarction 
(one patient), and low-grade pulmonary lymphomas (one 
patient).

Then clinical data were collected by computerized 
searching in the Patient Record database and image 
database. The data were made up by the demographic data; 
symptoms and signs; routine laboratory tests including full 
blood cell counts, erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP); re-biopsy findings from surgery, 
TBLB, or CT-guided lung biopsy; prescribed medications 
and images (or reports) of plain chest radiographs and/or 
CT findings. A minimum 3 months follow-up record was 
needed for the improvement either by spontaneous, surgery 
or treatment.

Of the 123 patients, 15 patients were excluded due to an 
absence of the minimum follow-up of 3 months for review. 
Accordingly, 108 cases with exclusive OP finding, complete 
patients’ notes, radiographic imagines or reports, and follow-
up data made up the final study group. The patients data were 
reviewed by five pulmonologists using published criteria of 
BOOP (2,22). In brief: (I) radiographic abnormalities ranging 
from multiple acinar/nodular shadows to solitary pneumonia-
like or nodular shadows; (II) exclusive OP findings-masson 
bodies were apparent in alveoli and chronic inflammatory cell 
infiltration in the mesenchyme (Figure 1)—in the CT-guided 
lung biopsy samples; (III) negative microbiological analysis or 
no response to standard antibiotic therapy; (IV) rapid clinical 
and imaging improvement following corticosteroid treatment 
(or spontaneous in cases not prescribe these medications). 
Cases consistent with BOOP were assigned for BOOP 
group, or they were assigned for non-BOOP group. 
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To evaluate the role of the nonspecific OP findings by 
CT-guided lung biopsy, BOOP patients were assigned 
for definitive BOOP (D-BOOP) and suspected BOOP 
(S-BOOP) group when the patients were initially diagnosed 
as probable, possible BOOP according to the clinical and 
radiographic data alone, respectively. Non-BOOP patients 
were assigned for diagnostic failure BOOP (DF-BOOP) 
and misdiagnosed BOOP (MD-BOOP) group. DF-BOOP  
patients were initially diagnosed as other diseases and the 
exclusive OP by CT-guided lung biopsy confused the 
diagnosis and need re-biopsy. MD-BOOP patients were 

misdiagnosed according to the clinical, radiographic, 
exclusive OP by CT-guided lung biopsy (Figure 2).

Statistical analysis

All statistical analyses were conducted using SPSS version 
17.0 for Windows (IBM Inc., Chicago, IL, USA). Patient 
characteristics were expressed as means ± SD or number 
and frequency percentages. Group differences were tested 
by t-tests or χ2 tests. P values less than 0.05 were considered 
significant (P<0.05).

Figure 1 organizing pneumonia (OP) identified by CT-guided lung biopsy in a 53-year-old female. (A) Pathological changes were evenly 
distributed (HE staining, 50×); (B) masson bodies apparent in the alveoli, showing chronic inflammatory cell infiltration in the mesenchyme 
(HE staining, 100×).

Figure 2 Study profile.

A B

OP: organizing pneumonia; BOOP: bronchiolitis obliterans organizing pneumonia
D-BOOP: definitive BOOP; S-BOOP: suspected BOOP; 
DF-BOOP: diagnostic failure BOOP; MD-BOOP: misdiagnosed BOOP

134 cases with OP by 
CT-guided lung biopsy

15 cases without complete 
follow-up data were excluded

11 cases without exclusive 
OP were excluded

95 were BOOP

30 were D-BOOP 65 were S-BOOP 12 were DF-BOOP 1 was MD-BOOP

13 were non-BOOP
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Results

Clinical data

Clinical data are summarized in Table 1. A total of 108 
patients finally fulfilled the inclusion criteria, with follow-up 
times ranging from 3-51 months (mean 9.86±6.23 months) 
with intervals of 1-12 months (mean 3.45±1.81 months). Of 
the108 cases, 95 (87.97%) cases and 13 (12.03%) cases were 
classified as BOOP and non-BOOP group, respectively. In 
the BOOP group, 61 (64.21%) were male and the mean 
age was 58.42±12.11 years (range, 22-77 years). Presenting 
symptoms and signs included cough, sputum, dyspnea, fever, 
flu-like symptoms, chest pain, hemoptysis, weight loss and 
crackle or wheeze and the laboratory data are no significant 
differences between the BOOP and non-BOOP group 

(P>0.05). The difference of the imaging features between 
the two groups was the mediastinal lymphadenopathy 
(P=0.048). 

The BOOP group included 30 (31.58%) D-BOOP 
and 65 (68.42%) S-BOOP cases.  The non-BOOP 
group included 1 (7.70%) MD-BOOP and 12 (92.30%)  
DF-group cases (Figure 2). As there was only one patient in 
the MD-BOOP group, no comparison with other groups 
was performed.

Observations in D-BOOP group

D-BOOP patients who were firstly diagnosed as probable 
BOOP only according to the clinical and radiographic 
data were supported by the OP feature in the CT-guided 

Table 1 Clinical parameters

BOOP (n=95) (%) Non-BOOP (n=13) (%)
P value

All patients D-BOOP S-BOOP All patients MD-BOOP DF-group

Sex, M/F 61/34 16/14 45/20 9/4 1/0 8/4 0.318

Age, mean ± SD, years 58.42±12.11 58.00±12.88 58.46±11.84 54.08±11.02 40 55.25±10.63 0.69

Cough 81 (85.26) 23 (76.67) 58 (89.23) 10 (76.92) 1 9 (75.00) 0.195

Sputum 59 (62.11) 15 (50.00) 44 (67.69) 8 (61.54) 1 7 (58.33) 0.22

Dyspnea 37 (38.95) 14 (46.67) 23 (35.38) 3 (23.08) 1 2 (16.67) 0.182

Fever 61 (64.21) 17 (56.67) 44 (67.69) 7 (53.85) 0 7 (58.33) 0.45

Flu-like symptoms 33 (34.73) 15 (50.00) 18 (27.69) 3 (23.08) 1 2 (16.67) 0.045

Chest pain 14 (14.74) 3 (10.00) 11 (16.92) 1 (7.69) 0 1 (8.33) 0.555

Hemoptysis 12 (12.63) 1 (3.33) 11 (16.92) 3 (23.08) 1 2 (16.67) 0.175

Weight loss 10 (10.53) 2 (6.66) 8 (12.31) 1 (7.69) 0 1 (8.33) 0.683

Crackles or wheeze 37 (38.95) 22 (73.33) 15 (23.08) 5 (38.46) 0 5 (41.67) <0.01

Leukocytes >10,000/mm3 or 

neutrophil >70%

52 (54.74) 10 (33.33) 42 (64.62) 9 (69.23) 0 9 (75.00) 0.07

ESR 71 (74.74) 19 (63.33) 52 (80.00) 10 (76.92) 0 10 (83.33) 0.171

CRP 59 (62.11) 16 (53.33) 43 (66.15) 6 (46.15) 0 6 (50.00) 0.355

Bilateral alveolar infiltrates 58 (61.95) 27 (90.00) 31 (47.69) 8 (61.54) 1 7 (58.33) <0.01

Single consolidation 12 (12.63) 3 (10.00) 9 (13.85) 1 (7.69) 0 1 (8.33) 0.791

Massive or nodular opacity or 

obstructive atelectasis

25 (26.32) 0 25 (38.46) 5 (38.46) 0 5 (41.67) <0.01

Pleural effusion 27 (28.42) 9 (30.00) 18 (27.69) 4 (30.77) 1 3 (25.00) 0.944

Mediastinal lymphadenopathy 9 (9.47) 1 (3.33) 8 (12.31) 4 (30.77)* 0 4 (33.33) 0.027

Note: BOOP, bronchiolitis obliterans organizing pneumonia; D-BOOP, definitive BOOP; S-BOOP, suspected BOOP; MD-BOOP, 

Misdiagnosed BOOP; DF-BOOP, diagnostic failure BOOP; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate. t-tests 

and χ2 tests were used to compare BOOP and non-BOOP group, only mediastinal lymphadenopathy differences were noted 

(*P=0.048). An χ2 test was used to compare D-BOOP, S-BOOP, and DF-groups; due to limited patient numbers (one patient) in the 

MD-group, this group was not considered in these analyses.



1255Journal of Thoracic Disease, Vol 6, No 9 September 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(9):1251-1260www.jthoracdis.com

lung biopsy samples and verified by the rapid improvement 
after treatment. It seems that those patients’ data including 
symptoms and signs and imaging features are more typical 
than other groups. It was well known that BOOP begin 
with a mild flu-like illness with fever, cough, malaise, 
dyspnea, weight loss and others (2,5,9). In this study,  
flu-like illnesses, fever, cough and crackles were presented 
more than 50% of D-BOOP cases. Only flu-like symptoms 
and crackles were significantly more common in the 
D-BOOP group than in the S-BOOP or DF-BOOP groups 
(P<0.05). Other manifestations such as mild dyspnea, 
anorexia, and weight loss were no significant differences 
between them (Table 1). 

Twenty-seven (90%) of D-BOOP cases exhibited 
multiple alveolar filling shadows in both lungs with densities 
ranging from ground-glass to consolidation ranging several 
centimeters to a full lobe (Figure 3). Most were peripheral 
and some exhibited migratory patterns. Air bronchograms 
were visible among consolidation. Notably, these were 
assigned for the typical BOOP imaging features and less in 
either the S-BOOP group or DF-group in this study (47.7% 
and 58.3%, respectively; P<0.01). Additionally, three cases 
exhibited unilateral opacities firstly diagnosed as BOOP 
based on clinical manifestations along (no obvious fever; 
normal WBC count, ESR, and CRP level; present cough, 
dyspnea, and auscultation crackles).

With corticosteroid therapy, D-BOOP cases, including 
relapsed cases, exhibited overall positive treatment 
outcomes. A total of 30 D-BOOP cases exhibited lesions 
with rapid resolution following glucocorticoid treatment. 
There were no residues in 23 cases, and only 7 cases 

exhibited apparent traction bronchiectasis or bands of 
fibrous tissue (Figure 3).

Observations in S-BOOP group

S-BOOP patients who were as possible BOOP based on 
the clinical and radiographic data alone were confirmed 
by the pathological hallmark in CT-guided lung biopsy 
specimens and reinforced by the rapid improvement with 
corticosteroid therapy.

Of the 65 cases, 25 (38.46%) cases were suspected as 
tumor for radiographic features with single or multiple 
nodules (Figure 4) and obstructive pneumonia-like 
structural abnormalities. Forty cases (61.54%) were initially 
diagnosed as bacterial or fungal infections or tuberculosis 
that did not respond to antibiotic treatment. Fortunately,  
51 patients were established the diagnosis of BOOP 
according to the OP findings in the CT-guided lung biopsy 
tissues and avoid the surgical lung biopsy. In view of small 
biopsy sample limitations and non-specific OP change,  
14 cases with atypical imaging findings were required the 
re-biopsy, either with bronchoscope, secondary CT-guided 
lung biopsy, or surgical lesion excision.

The S-BOOP group as in the D-BOOP group, lesions 
rapidly regressed in most cases with corticosteroid treatment 
(64 cases), with minimal bands or streaks remaining in only 
19 cases. One patient with OP by CT-guided lung biopsy 
was initially suspected as lung cancer by CT scanning. 
Though this patient voluntarily rejected further diagnosis 
and treatment, the lesion resolved spontaneously within  
32 months, confirming a correct diagnosis of BOOP rather 

Figure 3 A 45-year-old male with BOOP by CT-guided lung biopsy showing resolution on follow-up computed tomography (CT) scans. 
(A) Chest CT showing bilateral alveoli filled with consolidation and ground glass opacities; (B) chest CT at the same level after 3 months of 
glucocorticoid treatment, showing bilateral blotchy consolidation, ground glass opacities absorbed strips and traction bronchiectasis. BOOP, 
bronchiolitis obliterans organizing pneumonia.

A B
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Figure 4 Suspected lung cancer in a 57-year-old female with bilateral multiple lung nodules revealed by CT scanning. Nodules in the lower 
right lung were diagnosed as OP by CT-guided lung biopsy. The patient voluntarily refused treatment. Follow-up at 32 months revealed 
that nodules were absorbed, confirming BOOP. Initial chest CT scans showed (A) nodules in the left upper lung with vessel convergence 
signs; (B) a nodule in the middle lobe of right lung adjacent to the cardiac border; (C) a 2.5 cm nodule in the right lower lung with sentus 
and strip shadow in the upper lobe of left lung. During follow-up, chest CT scans showed (D) left upper lobe nodule (see in A) was absorbed; 
(E) the nodule adjacent to the cardiac border (seen in B) was absorbed; and (F) the nodule in the right lower lung and the strip shadow in the 
left lung were absorbed, with the only remaining strip shadows in the right lower lung. OP, organizing pneumonia.

than cancer (Figure 4).

Observations in MD-BOOP group

One patient, a 40-year-old male, was misdiagnosed with 
BOOP based on symptoms of dry cough and shortness of 
breath after activity, and radiography of multiple alveolar 
infiltrates and OP by biopsy. Rapid clinical and imaging 
improvement at rest was improperly regarded as the effect 
of corticosteroid treatment at the first 3 months period 
(Figure 5). When migratory lesions appeared, the final 
confirmed diagnosis of cardiac tumor was established.

Observations in DF-group

Of the 12 cases, no clear clinical manifestations implied 
BOOP. Radiography revealed suspect masses in five cases, 
and seven cases exhibited multiple opacities accompanied by 
cavity-like changes. Pleural effusion was observed in three 

cases, two cases exhibited moderate pleural effusion. Four 
cases exhibited enlarged lymph nodes, and four cases were 
diagnosed with other diseases, including vasculitis, occult 
nephritis, leukemia, and diabetes. Moreover, one patient 
exhibited eosinophil levels >30%. 

The OP by CT-guided lung biopsy confused the 
diagnosis. As in the S-BOOP group, further confirmation 
by biopsy was required for ten cases. A total of 12 DF-group  
cases were finally diagnosed with pneumonia (four cases), 
tuberculosis (three cases), and pulmonary fungal infections 
(two cases), lung cancer (one patient) (Figure 6), lung 
abscess (one patient), and eosinophilic pneumonia (one 
case). All cases exhibited good recovery with appropriate 
treatment.

OP by CT-guided lung biopsy versus clinical and radiologic 
data alone for BOOP diagnosis

Based on clinical and radiologic data alone, BOOP was 
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Figure 5 A 40-year-old male with intracardiac tumor was misdiagnosed as BOOP. (A,B) Initially, bilateral multiple alveoli filling was 
apparent; (C,D) chest CT after one month of glucocorticoid treatment showed complete absorption of alveoli fillings in the (C) bilateral 
upper lungs (see in A) and (D) in the bilateral lower lungs (seen in B); (E,F) chest CT after three months glucocorticoid treatment showing 
symptom deterioration with reduced dosage with (E) alveoli fillings around the bronchus in the upper lobe of right lung and unremarkable 
left lung combined with (F) alveoli fillings in the right lower lung and unremarkable left lung; (G,H) chest CT following increased 
glucocorticoid treatment 1 week after symptom deterioration onset showing lesion migration with (G) absorption of alveoli fillings in the 
right upper lung but not in the left upper lung (seen in E) combined with (H) absorption of lesions in the right lower lung but not in the 
left lower lung (seen in F); (I,J) chest CT scan during a period of symptomatic chest tightness and shortness of breath following activity, (I) 
revealing blotchy consolidation and ground glass opacities and (J) multiple blotchy consolidation and ground glass opacities in the upper and 
lower lobes of the left lung and middle and lower lobes of the right lung. BOOP, bronchiolitis obliterans organizing pneumonia.

Figure 6 A 75-year-old female using clinical manifestation and radiographic imaging was finally diagnosed lung cancer although OP was 
given by CT-guided lung biopsy. (A) Soft tissue mass located in the bronchus of the right lower lung, indicating potential lung cancer; (B) 
consolidation and ground glass opacities apparent in the right lower lung. Air bronchogram signs were also apparent in the consolidation. 
lung biopsy on this region revealed OP pathologically. OP, organizing pneumonia.
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only diagnosed correctly in 30 (31.25%) out of 96 cases 
(BOOP and MD-BOOP) and was excluded in 12 (11.11%,  
DF-BOOP) out  of  108 cases .  Appl icat ion of  the 
exclusive OP by CT-guided lung biopsy alone, the 
diagnostic accuracy of BOOP was 87.96% (95/108). As 
the recommended diagnostic process of 2002 ATS/ERS 
Consensus Classification of the Idiopathic Interstitial 
Pneumonias (2), combined clinical, radiographic, and 
pathological findings- the exclusive OP by CT-guided lung 
biopsy instead of surgical lung biopsy-produced an amazing 
diagnostic accuracy of 98.96% (95/96).

Discussion

The current study demonstrated that the exclusive OP 
finding by CT-guided lung biopsy could be used as a 
reliably pathological evidence for BOOP diagnosis, 
especially combined with clinical and radiographic data 
could further increase the diagnostic accuracy.

The diagnostic process of the interstitial pneumonias is 
an integrated clinic-radiologic-pathologic approach (2). The 
clinical manifestations including symptoms and signs and 
imaging features between BOOP and non-BOOP are not 
highly differences; however, they are the good preliminary 
indicators. As in the D-BOOP group and DF-BOOP, the 
typical imaging features could distinguish BOOP from non-
BOOP at initial diagnostic process. Notably, the typical 
BOOP imaging features and crackle are the confident 
evidence for pulmonologists, but the diagnostic accuracy in 
the present study was 31.25% (D-BOOP), more patients 
were often compounding initial diagnoses and needed 
further evidence to establish the diagnosis (S-BOOP). 
Though significantly higher reports have been published, 
indicating up to 79% diagnostic accuracy (23), these 
discrepancies may be due to better identification of BOOP 
in idiopathic  interstitial pneumonia using CT imaging 
features.

Widely accepted surgical lung biopsy is a costly 
procedure that may unnecessarily increase the risk of serious 
complications in some cases. Alternatively, Jara-Palomares 
et al. (22) reported that high resolution CT findings 
and bronchoalveolar lavage could be used in cases with 
suspicious clinical presentations. However, no extensive 
clinical trials have assessed these techniques in BOOP 
cases. OP by CT-guided lung biopsy produced a current 
diagnostic accuracy for BOOP of 87.96%, much higher 
than that of TBLB reported to range from 7% to 37% (10).  
Especially in cases with non-specific clinical and radiological 

features as in the S-BOOP group, commonly misdiagnosed 
as lung cancer, risky and unnecessary surgery is often 
performed (24). The current findings clearly demonstrate 
that OP by CT-guided lung biopsy can obviate the need 
for surgery lung biopsy, although some cases still required 
additional OP using more invasive techniques. Thus, 
OP by CT-guided lung biopsy is an acceptable result for 
BOOP diagnosis that may increase the accuracy of BOOP 
patient diagnosis and facilitate early intervention. In view of  
CT-guided lung biopsy is much more affordably and safer 
method than conventional invasive surgical biopsy in the 
previous reports (2,10-15,17,18) and has been proved the 
feasibility in early diagnosis of BOOP in some cases reports 
(19,20), our findings suggested that CT-guided lung biopsy 
could be as a reasonable alternative to lung biopsy for 
practically effective early diagnosis of BOOP.

Notably, identification of OP is the predominant 
diagnostic criteria for BOOP; however, OP changes 
were not always related to BOOP as previously believed 
(2,3,5,25) and in current study (11 patients were excluded 
from the 134 cases due to the OP was not the only finding 
in the tissue and 12 patients with OP in the DF-BOOP 
were finally diagnosed the other diseases). Because of 
the misdiagnosing alternative conditions that may mimic 
BOOP (3,5), our observations highlight some key concepts 
regarding integration of radiographic characteristics, 
symptomatic manifestations, OP by CT-guided lung 
biopsy, proper treatment, and observation to avoid the 
misdiagnosis. In current study, one patient in MD-BOOP 
with carefully follow-up was finally corrected diagnosis 
as cardiac tumors. The combined diagnostic accuracy of 
BOOP reaches 98.96% (95/96).

Additionally, not all BOOP cases presenting typical 
imaging features, such as bronchocentric patterns and 
reversed halo signs (3,26-28), were considered in the 
present study due to ineligibility of for CT-guided lung 
biopsy, potentially limiting the applicability of these results 
to broader patient populations. Further, limitations of this 
study are its retrospective nature, but we believe that the 
largest in literature to date, confirms the OP by CT-guided 
lung biopsy as a reliable evidence for BOOP.

Conclusions

The current retrospective analysis indicated that the 
diagnostic accuracy of OP by CT-guided lung biopsy for 
BOOP was 87.96%, a value slightly lower than previously 
reported using surgical lung biopsy techniques but 



1259Journal of Thoracic Disease, Vol 6, No 9 September 2014

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(9):1251-1260www.jthoracdis.com

higher than that reported using TBLB. Thus the OP by  
CT-guided lung biopsy can aid in early detection of BOOP, 
particularly when combined with clinical and radiological 
data. In view of CT-guided lung biopsy is affordably and 
safe method, it can be used to confirm OP pathology 
reliably and reduce unnecessary surgery.
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