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Take home message: Lung ultrasound immediately following transbronchial lung cryobiopsy 

can identify early pneumothorax development. Supplementary imaging is however still needed 

since the majority of pneumothoraxes develop later in the postprocedure period. 
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Abstract 

Background: Iatrogenic pneumothorax is a common and clinically important transbronchial 

cryobiopsy (TBCB) complication. A study was conducted to assess the diagnostic accuracy and 

clinical impact of immediate postprocedure lung ultrasound for diagnosing iatrogenic 

pneumothorax in patients suspected of interstitial lung disease (ILD) undergoing TBCB. 

Study design and methods: In patients undergoing TBCB due to suspected ILD, LUS of the 

anterior surface of the chest was performed immediately after the TBCB procedure prior to 

extubation. Presence of lung point was used as a definite sign of pneumothorax. Chest X-ray 

(CXR) performed routinely 2 hours after TBCB was used as reference standard. 

Results: A total of 141 consecutive patients were included. Postprocedure LUS identified definite 

pneumothorax in 5 patients (3.6%)(95%CI: 1.5-8.3%). Two-hour CXR identified 19 patients 

(13.5%)(95%CI: 8.7-20.2%) with pneumothorax following TBCB. The diagnostic accuracy of 

LUS for diagnosing pneumothorax was: sensitivity 21.1% (95% CI: 6.1-45.6%), specificity 

99.2% (95% CI: 95.5-100.0%), positive predictive value 80.0% (95%CI: 28.4-99.5%), and 

negative predictive value 89.0% (95%CI: 82.5-93.7%). Postprocedure LUS had a clinical impact 

in 5 patients (3.6%)(95%CI: 1.5-8.3), in which 4 had  pleural drain inserted prior to extubation 

and 1 patient had prolonged observation prior to extubation.  

Interpretation: LUS performed immediately following TBCB have a clinical impact by 

identifying patients with pneumothorax in need of immediate treatment prior to extubation, and 

to monitor pneumothorax size during in the operating room. Supplementary imaging prior to 

patient discharge is however still needed since the majority of pneumothoraxes develop later in 

the postprocedure period. 

 

 

 

  



Introduction 

The novel use of transbronchial lung cryobiopsy (TBCB) as an invasive diagnostic tool in patients 

suspected of interstitial lung disease (ILD) has been increasingly studied within the recent years.[1-3] 

Concerns have however been raised regarding safety issues due to procedure related complications, the 

major risks being bleeding and pneumothorax [1, 2].  

Despite several studies assessing the diagnostic role of TBCB, studies assessing optimal postprocedure 

diagnosis and management of pneumothorax are limited [4, 5]. An TBCB expert statement recommends 

postprocedure chest X-ray (CXR) or lung ultrasound (LUS) examination either immediately if signs or 

symptoms of pneumothorax are present or two hours after the procedure if the patient is asymptomatic 

[1]. 

Several studies have found the diagnostic accuracy of LUS for pneumothorax comparable or superior to 

conventional CXR [6-10]. Two studies have specifically assessed the diagnostic accuracy of LUS for 

diagnosing pneumothorax following TBCB, but the studies used different time points at which LUS was 

performed, and the prevalence of pneumothorax varied significantly [4, 5]. In other lung biopsy 

procedures, the time from procedure to pneumothorax development varies and should be considered 

when deciding time point for control imaging [11]. Another important factor concerning timing of 

control imaging is that pleural drain insertion is experienced as a very painful procedure by many 

patients [12]. From a patient perspective early diagnosis of pneumothorax in the operating room while 

the patient is still sedated is preferable. Additional advantages of early diagnosis is the physician 

performing TBCB readily can initiate treatment in an optimal setting and help to identify patients with 

small pneumothoraces needing extended observation in the operating room. A prospective study in 

patients suspected of ILD undergoing TBCB were conducted to assess the following research questions: 

What is the diagnostic accuracy and clinical impact of immediate postprocedure LUS for diagnosing 

iatrogenic pneumothorax in ILD patients undergoing TBCB? 

Methods 

The study was conducted as a prospective, diagnostic accuracy study at the South Danish Center 

for Interstitial Lung Diseases (SCILS), Odense University Hospital, Odense, Denmark. The 

hospital is a tertiary hospital serving the Region of Southern Denmark (approx. 1.2 million 

inhabitants). A more detailed description of the organization and technical aspects of the TBCB 



setup, diagnostic yield, overall complications, and learning curves at SCILS have previously 

been published [13].  

Patients 

Patients were selected for TBCB when the following criteria were fulfilled: 

 Unclassified ILD  

 High resolution computed tomography  

 Forced vital capacity (FVC) ≥ 50% of expected  

 Diffusion capacity for carbon monoxide (DLCO) ≥ 40%  

 Normal transthoracic echocardiography with a tricuspid valve gradient ≤ 40 mmHg 

 Body Mass Index < 35 kg/m
2
 

 

The exclusion criteria were: 

 Patient age < 18 years 

 Informed consent not obtained 

 Permanent mental disability 

 TBCB procedure not performed in the operating room 

 

TBCB procedure 

TBCB was performed in an operating room, with the patients in general anesthesia and 

mechanically ventilated using an endobronchial tube. A flexible bronchoscope and flexible 

cryoprobe (Erbe, Thübingen, Germany) were used. Initially broncheoalveolar lavage was 

performed followed by four transbronchial cryobiopsies from the same lung. Following TBCB, 

the patient was transferred to a recovery room. If the patient was clinically stable after two hours, 

a CXR was performed. The patient was discharged the same day if the patient was clinically 

stable and CXR had no signs of pneumothorax (Figure 1). 

LUS procedure 

LUS was performed immediately following intubation prior to TBCB and postprocedure 

following the last cryobiopsy and removal of Fogarty balloon (Figure 1). The LUS technique 

used were based on protocols validated for diagnosing pneumothorax in trauma patients and 

postoperative assessment [14, 15]. The transducer was placed anteriorly and transversally above 

the intercostal spaces at the highest point of each hemithorax just lateral of the sternum. If lung 



sliding, lung pulse and B-lines were absent, the transducer was rotated counterclockwise along 

the intercostal space. The transducer was then gradually moved laterally along the intercostal 

space to determine whether a lung point could be identified or not. LUS was performed using a 

Terason, uSmart3200T, (Burlington, Massachusetts, USA), ultrasound machine with a linear 

transducer (15-4 MHz). 2D-mode and the standard lung preset were used for the examinations. 

The respiratory physicians performing TBCB also performed the LUS, and all had a competency 

level corresponding to European Federation of Societies for Ultrasound in Medicine and Biology 

level III [16]. 

The diagnostic criteria for pneumothorax were divided into two categories [17-22]: 

 Definite pneumothorax: Change from presence of lung sliding prior to TBCB to absence 

of lung sliding, lung pulse, B-lines, and presence of lung point following TBCB 

 Possible pneumothorax: 1) Change from presence of lung sliding prior to TBCB to 

absence of lung sliding, lung pulse, B-lines, but absence of lung point following TBCB, 

or 2) subcutaneous emphysema 

If a definite pneumothorax was present the size was estimated using the following criteria [23]: 

 Small pneumothorax: Lung point anterior to midaxillary line 

Large pneumothorax: Lung point posterior to midaxillary line Immediate treatment with 

placement of a pleural drain was performed in case of: 

 A large pneumothorax 

 A small pneumothorax with clinical deterioration and other obvious causes of clinical 

deterioration had been excluded 

If a pneumothorax was diagnosed, but immediate drain treatment not indicated, the patient was 

kept under general anesthesia and assessment of pneumothorax size was repeated every fifth 

minute or in case of clinically deterioration. If the patient was stable and two repeated LUS 

assessments did not show any signs of progression of pneumothorax size, the general anesthesia 

would be stopped, and the patient prepared for extubation.  

Reference standard and blinding 

The CXR two hours after TBCB procedure was used as reference standard. Pneumothorax was 

considered present if diagnosed by the radiologist assessing the images. To establish the 

prevalence of pneumothorax following discharge, electronic patient charts were reviewed to 



determine whether any of the patients had been readmitted with pneumothorax within the first 

week following TBCB. 

LUS results were recorded prior to any reference standard tests. The physicians performing were 

thus blinded to the reference standard. The radiologist assessing CXR did not have access to 

LUS results. 

Clinical impact 

Clinical impact of LUS was defined as:  

 Insertion of pleural drain immediately following TBCB  

 Prolonged observation in the operating room following TBCB  

 

Statistics 

Descriptive statistics of baseline characteristics, LUS findings and clinical impact were 

performed using numbers, percentages, means, medians, and interquartile range (IQR). IQR were 

expressed as 25
th

 and 75
th

 percentiles. The rule-of-three were used for calculating 95% 

confidence intervals (CI) of events not observed. Diagnostic accuracy calculations used post 

TBCB LUS as index test when compared to the reference standard. The calculations included 

sensitivity, specificity, negative-predictive value (NPV), positive predictive value (PPV), positive 

likelihood ratio (LR+), negative likelihood ratio (LR-), and corresponding 95% CI. Data analysis 

was conducted using Stata Release version 15 (StataCorp LP). 

Ethics and approvals 

The Regional Ethics Board waivered approval of the project. All patients provided written informed 

consent for study participation. The project was approved by the local branch of the Data Protection 

Agency (18/613).  This study was conducted in accordance with the amended Declaration of Helsinki. 

Data are reported according to STARD guidelines [24]. 

Results 

In a three-year period from February 2017 through March 2020 a total of 144 consecutive 

patients booked for TBCB due to suspected ILD were screened for eligibility. One declined 

informed consent, and two patients were excluded since another endobronchial intervention than 

TBCB were performed in the operating room. This left 141 patients for inclusion. The study flow 

diagram can be seen in Figure 2. Patient baseline characteristics are given in Table 1. 

Table 1: Baseline characteristics of the patients 



Characteristic Value (n=141) 

Age, y 

- Median (IQR) 

- Range 

 

69 (60-74) 

26 – 85 

Sex, n (%) 

- Female 

- Male 

 

55 (39.0%) 

86 (61.0%) 

Smoking status 

- Never smoker 

- Current smoker 

- Previous smoker 

 

55 (39.0) 

23 (16.3) 

63 (44.7) 

Pulmonary function tests 

- FEV1, L, median, (IQR) 

- FEV1 (% predicted), median, (IQR) 

- FVC, L, median, (IQR) 

- FVC (% predicted) 

- TLC, L, median, (IQR) 

- TLC (% predicted), 

- DLCO (% predicted), 

- 6-minute walking distance, m, median, (IQR) 

 

2.5 (2.0-2.9) 

89.0 (76.0-98.0) 

3.1 (2.6-3.7) 

87.1 (77.8-102.0) 

4.8 (4.1-5.6) 

77.0 (68.2-86.0) 

57.0 (40.0-64.0) 

435 (99-520) 

Primary presumptive diagnosis prior to TBCB, n (%) 

- Usual interstitial pneumonia (UIP) / idiopathic pulmonary fibrosis (IPF) 

- Nonspecific interstitial pneumonia (NSIP) 

- Hypersensitivity pneumonitis (HP) 

- Connective tissue disease-associated ILD (CTD-ILD)  

- Unclassified ILD 

- Unclassifiable ILD 

- Other 

 

49 (34.5%) 

23 (16.2%) 

17 (12.0%) 

16 (11.3%) 

14 (9.9%) 

7 (4.9%) 

15 (10.6%) 

TBCB biopsy site, n (%) 

- Right upper lobe 

- Right middle lobe 

- Right lower lobe 

- Left upper lobe 

- Left lower lobe 

 

0 (0%) 

2 (1.4%) 

124 (87.9%) 

0 (0%) 

15 (10.6%) 

 



LUS was feasible in all patients prior to and following TBCB. Prior to TBCB lung sliding was 

present bilaterally in all patients, but only 14 (9.9%) patients had normal appearance of the 

visceral pleura and no B-lines. The LUS findings prior to TBCB are summarized in Table 2.  

Table 2: LUS findings – Prior to TBCB procedure 

LUS findings n (%)(95%CI) 

Normal findings  

Normal visceral pleura, no B-lines, lung sliding present 14 (9.9%)(5.9 – 16.1%) 

Pleural line movement  

Bilateral lung sliding 141 (100%)(97.9 – 100%) 

B-lines  

Few B-lines in IC ( 3 > B-lines > 0) 8 (5.7%)(2.9 – 11.1%) 

Multiple B-lines in IC ( 3 B-lines)  113 (80.1%)(72.7 – 86.0%) 

Abnormal visceral pleura  

Unilaterally fragmented and thickened visceral pleura 1 (0.71%)(0.1 – 4.9%) 

Bilaterally fragmented and thickened pleura 118 (83.7%)(76.6 – 89.0%) 

 

Postprocedure LUS prior to extubation identified 136 patients (96.5%)(95%CI: 91.7-98.5%) with 

no signs of pneumothorax. In five patients (3.6%)(95%CI: 1.5-8.3%) LUS findings were 

consistent with definite pneumothorax, whereas no patients (0%)(95%CI: 0.0-2.1%) fulfilled the 

criteria for possible pneumothorax. Based on the lung point placement, four patients 

(2.84%)(95%CI: 1.1-7.4%) had a small pneumothorax, and one (0.71%)(95%CI: 0.1-4.9%) had a 

large pneumothorax.  

The reference standard identified 19 (13.5%)(95%CI: 8.7-20.2%) patients with pneumothorax 

following TBCB. No patients were diagnosed with pneumothorax in the recovery room due to 

development of clinical symptoms or signs. Of the 19 patients with pneumothorax, 13 

(9.2%)(95%CI: 5.4-15.3%) received treatment with pleural drain while the remaining were 

treated conservatively. Chart review following patient discharge identified three patients 

(2.1%)(95%CI: 0.7-6.4%) who developed pneumothorax within the first week following 

discharge. One of these patients had been diagnosed and treated for pneumothorax initially. The 

remaining two patients had no signs indicating pneumothorax following TBCB. 

When compared to the reference standard the diagnostic accuracy of LUS for diagnosing 

pneumothorax was: sensitivity: 21.1% (95% CI: 6.1-45.6%), specificity: 99.2% (95% CI: 95.5-

100.0%), PPV: 80.0% (95%CI: 28.4-99.5%), NPV: 89.0% (95%CI: 82.5-93.7%), LR+ 25.7 



(95%CI: 3.03-218), and LR- 0.796 (95%CI: 0.631-1). Corresponding 2 x 2 table for 

postprocedure LUS compared with reference standard is presented as Table 3. 

Table 3: 2 x 2 table: Postprocedure LUS compared with reference standard 

 

Reference standard 

 

Postprocedure LUS  

Total Definite  

pneumothorax 

No  

pneumothorax 

Pneumothorax present 4 15 19 

Pneumothorax absent 1 121 122 

Total 5 136 141 

 

In one patient the LUS findings of pneumothorax was “false positive” when compared to CXR. 

In this patient, LUS prior to the TBCB showed bilateral lung sliding, multiple B-lines and a 

fragmented, thickened visceral pleura. Following TBCB, on the anterior right hemithorax, lung 

sliding, lung pulse and B-lines were no longer present. The visible pleura line was without 

movement, thin, and well defined. A lung point could be identified just medially to the 

midclavicular line, corresponding to a small pneumothorax. The patient was clinically stable, and 

no immediate intervention was performed. Prior to extubation, LUS was repeated five and ten 

minutes after the initial postprocedure LUS. There was no change in the placement of the lung 

point. Following extubation, the patient was still clinically stable, and the placement of lung 

point at repeated LUS prior to transfer to the recovery room did not change. CXR two hours 

following TBCB had no signs of pneumothorax. The patient could be discharged in the afternoon 

and did not develop pneumothorax subsequently. There were no apparent differences in LUS 

findings among the 15 patients having a “false negative” LUS, all had presence of lung sliding 

prior to and following the TBCB procedure.  

Postprocedure LUS had a clinical impact in five (3.6%)(95%CI: 1.5-8.3) patients: 1) A pleural 

drain was placed in one patient with a large pneumothorax, 2) one patient with a small 

pneumothorax was clinically unstable, immediate pleural drain insertion subsequently stabilized 

the patient, 3) two patients with a small pneumothorax were clinically stable, but LUS 

monitoring in the operating room showed progression of pneumothorax size from small to large 

requiring pleural drain insertion prior to extubation, 4) the fifth patient was the LUS “false 

positive” patient described above. In this patient the observation period in operating room prior 



to extubation was prolonged but no drain was placed. There were no observed adverse events 

related to LUS. 

Discussion 

LUS conducted immediately following TBCB had a low sensitivity for procedure related 

pneumothorax and was only able to identify approximately every fifth patient developing 

pneumothorax. LUS did, however, have a clinical impact, since four patients benefitted from 

early identification and treatment of pneumothorax prior to being extubated.  

The observed diagnostic accuracy is substantially lower than reported in two previous studies assessing 

LUS’ ability to diagnose pneumothorax following TBCB [4, 5]. In a prospective study of 43 patients by 

Viglietta et al., the reported sensitivity and specificity of LUS were 90% (95% CI 55.5-99.7) and 94% (95% 

CI 79.8-99.3), respectively [4]. The LUS criteria for pneumothorax were comparable to the ones used in 

this study, and CXR was also used as reference standard. In a small retrospective study Matus et al. 

described findings in 24 patients who had LUS performed prior to and following TBCB and also used CXR 

as reference standard. In the study only one patient developed pneumothorax and this was identified by 

LUS [5]. With only one event, the reported prevalence of pneumothorax is low when compared to other 

TBCB studies [2, 3, 25]. 

Compared to the two studies, the most likely explanation for the marked difference in results is the time 

point after TBCB at which LUS was performed. In the studies by Matus et al. and Viglietta et al. both LUS 

and CXR were performed at one and three hours following TBCB, respectively. As demonstrated in other 

studies, pneumothorax is not always apparent immediately after a lung biopsy procedure but may 

gradually develop within hours or even days following the procedure [26, 27]. In transthoracic lung 

biopsies control imaging one hour following the procedure has been recommended [11]. No studies 

have established a certain time frame in which most patients develop pneumothorax following TBCB, 

but based on the results of this study results and those presented by Viglietta et al., control imaging at 

2-3 hours following TBCB would probably allow identification of most pneumothoraces with a low 

prevalence of patients being readmitted with pneumothorax (2.1% in the present study). 

Another reason for the low sensitivity could be the use of a LUS protocol limited to the anterior surface 

of the thorax. Similar protocols have however been validated with high diagnostic accuracy in settings 

resembling patient positioning and practical limitations in intubated patients in an operating room [14, 

28, 29]. A more comprehensive protocol might have had a higher sensitivity, but since the preprocedural 



LUS findings did not indicate presence of extensive pleural adhesions, larger pneumothoraces would 

most likely also be identified using a limited protocol [30, 31]. 

Even though immediate postprocedure LUS missed many pneumothoraces, the study highlights the 

potential clinical impact in a small proportion of the patients. The main advantage being identification 

and bedside monitoring of early evolving pneumothoraces and the possibility of pleural drain placement 

being performed while the patient is still in general anesthesia, thus eliminating pain related to pleural 

drain insertion [12]. One could argue that the value of LUS in clinically unstable patients due to rapidly 

evolving tension pneumothorax is limited, since this is a clinical diagnosis and should be treated 

promptly when suspected. Most physicians would however have to balance the clinical confidence in a 

suspected diagnosis with the threshold for performing an invasive procedure. Using a setup with LUS 

readily available in the operation room, the time used for performing focused LUS in these patients are 

minimal. As such the time used for LUS could be considered balanced by the increased diagnostic 

confidence and subsequent lowered threshold for performing an invasive procedure. Additionally, 

pneumothorax is not the sole reason for patients becoming clinically unstable following TBCB (e.g. 

bleeding into central airways). Rapid ruling out pneumothorax in these patients alerts the physician to 

search for alternative causes (e.g. bronchoscopic reassessment of central airways) rather than using the 

time to insert a pleural drain. Interestingly, no patients on our study developed a pneumothorax 

needing immediate treatment in the recovery room. Whether this was a direct result of early LUS guided 

intervention in the operating room is speculative, but from a patient safety aspect this is an important 

incidental finding. The study clearly demonstrates that a focused LUS approach despite being simple in 

theory might not be as simple when integrated in all clinical settings. LUS findings should always be 

integrated with information regarding the clinical context, other findings, dynamic changes of the 

underlying disease as well as the operator being fully aware of the technique’s limitations and pitfalls. 

Strengths and limitations 

The presented study is the largest, prospective diagnostic accuracy study on pneumothorax 

following TBCB. All patients were consecutively included, and index test and reference standard 

were standardized and feasible in every patient. A significant limitation is the time difference 

between index test and reference standard, since this ideally should be as short as possible. The 

aim of the study was however to assess the use of immediate postprocedure LUS, and any CXR 

in the operating room would have been as a single plan, supine CXR or alternatively 

fluoroscopy. These alternatives do however also possess significant limitations [32, 33]. A more 



ideal study design would have included a third LUS examination either prior to or immediately 

after the CXR. This could possibly have helped to differentiate whether the reported low 

sensitivity of LUS in the operating room might be due to timing or in fact reflect that LUS has a 

significantly lower diagnostic accuracy for pneumothorax in this setting. A third LUS being 

performed was however logistically not feasible in our study setting since the physician 

performing TBCB and LUS could not leave the operation room to go to another part of the 

hospital to repeat the LUS prior to CXR. 

Conclusion 

Despite the low sensitivity, LUS prior to extubation still have a clinical impact by helping to 

identify: 1) patients with pneumothorax needing immediate treatment, and 2) patients in which 

an expanded observation period in the operating room prior to extubation may be needed. LUS 

immediately following TBCB should however still be supplemented with CXR or LUS either 

immediately if signs or symptoms of pneumothorax are present or two hours after the end of the 

procedure if the patient is asymptomatic. 

Acknowledgements 

The authors thank Lars Christian Lund, MD, Department of Clinical Biochemistry and Pharmacology, 

Odense University Hospital, Odense, Denmark, for valuable help and support for the data analysis. 

 

  



References 

1. Hetzel J, Maldonado F, Ravaglia C, Wells AU, Colby TV, Tomassetti S, Ryu JH, Fruchter 
O, Piciucchi S, Dubini A, Cavazza A, Chilosi M, Sverzellati N, Valeyre D, Leduc D, Walsh SLF, 
Gasparini S, Hetzel M, Hagmeyer L, Haentschel M, Eberhardt R, Darwiche K, Yarmus LB, 
Torrego A, Krishna G, Shah PL, Annema JT, Herth FJF, Poletti V. Transbronchial Cryobiopsies 
for the Diagnosis of Diffuse Parenchymal Lung Diseases: Expert Statement from the 
Cryobiopsy Working Group on Safety and Utility and a Call for Standardization of the 
Procedure. Respiration; international review of thoracic diseases 2018: 95(3): 188-200. 
2. Sethi J, Ali MS, Mohananey D, Nanchal R, Maldonado F, Musani A. Are Transbronchial 
Cryobiopsies Ready for Prime Time?: A Systematic Review and Meta-Analysis. Journal of 
bronchology & interventional pulmonology 2019: 26(1): 22-32. 
3. Troy LK, Grainge C, Corte TJ, Williamson JP, Vallely MP, Cooper WA, Mahar A, Myers 
JL, Lai S, Mulyadi E, Torzillo PJ, Phillips MJ, Jo HE, Webster SE, Lin QT, Rhodes JE, 
Salamonsen M, Wrobel JP, Harris B, Don G, Wu PJC, Ng BJ, Oldmeadow C, Raghu G, Lau EMT, 
Cryobiopsy versus Open Lung biopsy in the Diagnosis of Interstitial lung disease alliance I. 
Diagnostic accuracy of transbronchial lung cryobiopsy for interstitial lung disease diagnosis 
(COLDICE): a prospective, comparative study. The Lancet Respiratory medicine 2020: 8(2): 
171-181. 
4. Viglietta L, Inchingolo R, Pavano C, Tomassetti S, Piciucchi S, Smargiassi A, Ravaglia 
C, Dubini A, Gurioli C, Gurioli C, Poletti V. Ultrasonography for the Diagnosis of 
Pneumothorax after Transbronchial Lung Cryobiopsy in Diffuse Parenchymal Lung 
Diseases. Respiration; international review of thoracic diseases 2017: 94(2): 232-236. 
5. Matus I, Raja H. Protocolized Thoracic Ultrasonography in Transbronchial Lung 
Cryobiopsies: A Potential Role as an Exclusion Study for Pneumothorax. Journal of 
bronchology & interventional pulmonology 2019: 26(3): 172-178. 
6. Alrajhi K, Woo MY, Vaillancourt C. Test characteristics of ultrasonography for the 
detection of pneumothorax: a systematic review and meta-analysis. Chest 2012: 141(3): 
703-708. 
7. Alrajab S, Youssef A, Akkus N, Caldito G. Pleural ultrasonography versus chest 
radiography for the diagnosis of pneumothorax: review of the literature and meta-analysis. 
Critical care 2013: 17(5): R208. 
8. Dahmarde H, Parooie F, Salarzaei M. Accuracy of Ultrasound in Diagnosis of 
Pneumothorax: A Comparison between Neonates and Adults-A Systematic Review and 
Meta-Analysis. Canadian respiratory journal : journal of the Canadian Thoracic Society 2019: 
2019: 5271982. 
9. Reissig A, Kroegel C. Accuracy of transthoracic sonography in excluding post-
interventional pneumothorax and hydropneumothorax. Comparison to chest radiography. 
European journal of radiology 2005: 53(3): 463-470. 
10. Kreuter M, Eberhardt R, Wenz H, Schmitteckert H, Heussel CP, Herth F. [Diagnostic 
value of transthoracic ultrasound compared to chest radiography in the detection of a post-
interventional pneumothorax]. Ultraschall in der Medizin 2011: 32 Suppl 2: E20-23. 
11. Manhire A, Charig M, Clelland C, Gleeson F, Miller R, Moss H, Pointon K, Richardson 
C, Sawicka E, Bts. Guidelines for radiologically guided lung biopsy. Thorax 2003: 58(11): 
920-936. 



12. Luketich JD, Kiss M, Hershey J, Urso GK, Wilson J, Bookbinder M, Ginsberg R. Chest 
tube insertion: a prospective evaluation of pain management. Clin J Pain 1998: 14(2): 152-
154. 
13. Davidsen JR, Skov IR, Louw IG, Laursen CB. Implementation of transbronchial lung 
cryobiopsy in a tertiary referral center for interstitial lung diseases: a cohort study on 
diagnostic yield, complications, and learning curves. BMC Pulm Med 2021: 21(1): 67. 
14. Kirkpatrick AW, Sirois M, Laupland KB, Liu D, Rowan K, Ball CG, Hameed SM, Brown 
R, Simons R, Dulchavsky SA, Hamiilton DR, Nicolaou S. Hand-Held Thoracic Sonography for 
Detecting Post-Traumatic Pneumothoraces: The Extended Focused Assessment With 
Sonography For Trauma (EFAST). The Journal of Trauma: Injury, Infection, and Critical Care 
2004: 57(2): 288-295. 
15. Kwan RO, Miraflor E, Yeung L, Strumwasser A, Victorino GP. Bedside thoracic 
ultrasonography of the fourth intercostal space reliably determines safe removal of tube 
thoracostomy after traumatic injury. The journal of trauma and acute care surgery 2012. 
16. Minimal Training Requirements for the Practice of Medical Ultrasound in Europe. 
Appendix 11: Thoracic Ultrasound.  2008  [cited 2016 01.03.16]; Available from: 
http://efsumb.org/guidelines/guidelines01.asp 
17. Lichtenstein DA. A Bedside Ultrasound Sign Ruling Out Pneumothorax in the 
Critically Ill. Lung Sliding. CHEST Journal 1995: 108(5): 1345. 
18. Lichtenstein D, Meziere G, Biderman P, Gepner A. The comet-tail artifact: an 
ultrasound sign ruling out pneumothorax. Intensive care medicine 1999: 25(4): 383-388. 
19. Lichtenstein D, Meziere G, Biderman P, Gepner A. The "lung point": an ultrasound 
sign specific to pneumothorax. Intensive care medicine 2000: 26(10): 1434-1440. 
20. Lichtenstein DA, Lascols N, Prin S, Meziere G. The "lung pulse": an early ultrasound 
sign of complete atelectasis. Intensive care medicine 2003: 29(12): 2187-2192. 
21. Blaivas M, Tsung JW. Point-of-care sonographic detection of left endobronchial main 
stem intubation and obstruction versus endotracheal intubation. Journal of ultrasound in 
medicine : official journal of the American Institute of Ultrasound in Medicine 2008: 27(5): 
785-789. 
22. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick AW, 
Melniker L, Gargani L, Noble VE, Via G, Dean A, Tsung JW, Soldati G, Copetti R, Bouhemad B, 
Reissig A, Agricola E, Rouby JJ, Arbelot C, Liteplo A, Sargsyan A, Silva F, Hoppmann R, 
Breitkreutz R, Seibel A, Neri L, Storti E, Petrovic T, International Liaison Committee on Lung 
Ultrasound for International Consensus Conference on Lung U. International evidence-
based recommendations for point-of-care lung ultrasound. Intensive care medicine 2012: 
38(4): 577-591. 
23. Volpicelli G, Boero E, Sverzellati N, Cardinale L, Busso M, Boccuzzi F, Tullio M, 
Lamorte A, Stefanone V, Ferrari G, Veltri A, Frascisco MF. Semi-quantification of 
pneumothorax volume by lung ultrasound. Intensive care medicine 2014: 40(10): 1460-
1467. 
24. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, Lijmer JG, 
Moher D, Rennie D, de Vet HC. Towards complete and accurate reporting of studies of 
diagnostic accuracy: the STARD initiative. Standards for Reporting of Diagnostic Accuracy. 
Clinical chemistry 2003: 49(1): 1-6. 
25. Ravaglia C, Bonifazi M, Wells AU, Tomassetti S, Gurioli C, Piciucchi S, Dubini A, 
Tantalocco P, Sanna S, Negri E, Tramacere I, Ventura VA, Cavazza A, Rossi A, Chilosi M, La 

http://efsumb.org/guidelines/guidelines01.asp


Vecchia C, Gasparini S, Poletti V. Safety and Diagnostic Yield of Transbronchial Lung 
Cryobiopsy in Diffuse Parenchymal Lung Diseases: A Comparative Study versus Video-
Assisted Thoracoscopic Lung Biopsy and a Systematic Review of the Literature. Respiration; 
international review of thoracic diseases 2016: 91(3): 215-227. 
26. Brown KT, Brody LA, Getrajdman GI, Napp TE. Outpatient treatment of iatrogenic 
pneumothorax after needle biopsy. Radiology 1997: 205(1): 249-252. 
27. Charig MJ, Phillips AJ. CT-guided cutting needle biopsy of lung lesions--safety and 
efficacy of an out-patient service. Clinical radiology 2000: 55(12): 964-969. 
28. Blaivas M, Lyon M, Duggal S. A prospective comparison of supine chest radiography 
and bedside ultrasound for the diagnosis of traumatic pneumothorax. Academic emergency 
medicine : official journal of the Society for Academic Emergency Medicine 2005: 12(9): 844-
849. 
29. Soldati G, Testa A, Sher S, Pignataro G, La Sala M, Silveri NG. Occult traumatic 
pneumothorax: diagnostic accuracy of lung ultrasonography in the emergency department. 
Chest 2008: 133(1): 204-211. 
30. Cassanelli N, Caroli G, Dolci G, Dell'amore A, Luciano G, Bini A, Stella F. Accuracy of 
transthoracic ultrasound for the detection of pleural adhesions. European journal of cardio-
thoracic surgery : official journal of the European Association for Cardio-thoracic Surgery 
2012: 42(5): 813-818. 
31. Corcoran JP, Psallidas I, Hallifax RJ, Talwar A, Sykes A, Rahman NM. Ultrasound-
guided pneumothorax induction prior to local anaesthetic thoracoscopy. Thorax 2015: 
70(9): 906-908. 
32. Wilkerson RG, Stone MB. Sensitivity of bedside ultrasound and supine 
anteroposterior chest radiographs for the identification of pneumothorax after blunt 
trauma. Academic emergency medicine : official journal of the Society for Academic 
Emergency Medicine 2010: 17(1): 11-17. 
33. Rowan KR, Kirkpatrick AW, Liu D, Forkheim KE, Mayo JR, Nicolaou S. Traumatic 
pneumothorax detection with thoracic US: correlation with chest radiography and CT--
initial experience. Radiology 2002: 225(1): 210-214. 
 

 

  



Figure legends 

Figure 1: Timing of TBCB procedure and imaging  

Figure 2: Study flow diagram 

 



 



 


