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Abstract 

Background: The incidence of iatrogenic pneumothorax (IPTX) following transbronchial lung 
cryobiopsy (TBLCB) ranges from 1.4% to 20.2%. While chest X-ray (CXR) is the standard imaging 
modality to exclude IPTX, thoracic ultrasound (TUS) has demonstrated superior accuracy in 
detecting pneumothorax across various contexts. This study evaluates TUS as a reliable alternative 
to routine CXR for ruling out IPTX after TBLCB. Methods: A retrospective observational study 
included 51 patients undergoing ambulatory TBLCB. Pre- and post-TBLCB TUS were performed. 
CXR was reserved for cases where TUS findings were inconclusive (absence of sliding lung [SL] and 
seashore sign [SS] in all lung zones) or if patients exhibited symptoms or signs of IPTX. Results: TUS 
findings were concordant in 44 (86.1%) patients, of whom 42 (95.5%) did not require CXR. Two 
patients (4.5%) with symptomatic IPTX were identified and managed. Among the seven patients 
(13.7%) requiring CXR due to inconclusive TUS or symptoms, five (71.4%) were negative for IPTX, 
and two (28.6%) had asymptomatic IPTX. Conclusion: Our TUS protocol effectively ruled out 
clinically significant IPTX, eliminating routine CXR in 95.5% of patients. TUS is a safe alternative to 
CXR post-TBLCB, with CXR reserved for inconclusive TUS findings or symptomatic cases. 

Keywords: iatrogenic pneumothorax (IPTX); transbronchial lung cryobiopsy (TBLCB); thoracic 
ultrasound (TUS); chest X-ray (CXR); sliding lung (SL); seashore sign (SS) 
 

1. Introduction 

The adoption of transbronchial lung cryobiopsy (TBLCB) for the evaluation of interstitial lung 
disease (ILD) has increased as it is a valuable alternative to other modalities such as transbronchial 
lung forceps biopsy (TBBX). With its widespread implementation, it requires thoughtful 
implementation of procedural standardization to ensure both diagnostic accuracy and patient safety. 
One aspect that must be considered is the prompt recognition and management of complications, 
particularly iatrogenic pneumothorax (IPTX) [1 - 3].  

Traditionally, routine post - procedural chest X-Ray (CXR) has been the gold standard for ruling 
out iatrogenic pneumothorax secondary to TBBX. While CXR is still guideline recommended, there 
is limited data that compels further investigation into the ideal role of post-TBBX CXR, as it may be 
avoided in asymptomatic patients [4]. More supporting evidence is required for widespread 
acceptance of this practice after forceps transbronchial biopsies and certainly for TBLCB [5].  

Thoracic ultrasonography (TUS) has earned the reputation of being a rapid and highly sensitive 
imaging modality for pneumothorax detection in different clinical scenarios whether in the intensive 
care unit or emergency department. Its utility also remains valuable for post-procedural evaluation, 
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however, its role in IPTX detection after TBLCB is not well established. Our early institutional 
experience incorporating pre and post-TBLCB thoracic ultrasonography (TUS) in comparison to CXR, 
demonstrates promising utility in ruling out IPTX [6].  

This study evaluates TUS, for the first time, as an alternative to CXR for ruling out IPTX related 
to TBLCB. 

2. Materials and Methods 

Institutional Review Board approved this retrospective observational study (CCC # 43022) of 51 
consecutive patients that underwent ambulatory TBLCB (between 6/2018 -1/2020 and 3/2021- 2/2023) 
implementing our TUS protocol. All procedures included in this study were performed by a single 
operator in a single institution. The following data were collected: age, gender, procedural indication, 
complications (Table 1) and management of complications (Figure 1). 

Table 1. Patient Characteristics. Indications for TBLCB and Complications. 

Patient Characteristics  

          Median Age (Y) 70 (22 – 88) 

Gender N (%) 

          Male 24 (47.6%) 

          Female 27 (52.94%) 

Indication for TBLCB  N (%) 

          Suspected ILD +/- nondiagnostic     

          bronchoscopy  

43 (84.31%) 

          Other Computed Tomographic  

          Abnormality (ie, diffuse infiltrates) +/-  

          nondiagnostic bronchoscopy  

8 (15.69%) 

Complications N (%) 

          Pneumothorax 4 (7.8%) 

          Bleeding* 5 (9.8%) 

               Grade 1 1 (1.96%) 

               Grade 2 4 (7.8%) 

Key, ILD – Interstitial Lung Disease. *  Per Delphi Consensus Statement of the Nashville Working Group. 

Bleeding complications were categorized per the Delphi Consensus of the Nashville Working 
Group (Table 1). 

Per our institutional protocol previously published, all TBLCB ’s were performed under general 
anesthesia via combined rigid ventilating bronchoscopy (i.e., 12mm)/ flexible fiberoptic 
bronchoscopy. Radial Probe Endobronchial Ultrasonography (RP-EBUS) image guidance and 
fluoroscopy were integrated. Fogarty balloons (i.e., 4-5 Fr) were positioned in the targeted segmental 
takeoff and optimal airway blockade confirmed prior to performing TBLCB.  

A total of 2-3 segments from 1-3 different lobes from the ipsilateral lung were targeted and 
biopsied based on chest computerized tomography (CT) findings and RP-EBUS’s confirmation of 
loss of “snow-storm” effect. Cryobiopsies (2.4 mm outer diameter probes) were performed through 
the working channel of the flexible bronchoscope under fluoroscopic guidance targeting zone 4 
(approximately 1 cm from the pleural). Fogarty balloons were systematically inflated for 2 minutes 
immediately upon removal of the cryoprobe/flexible bronchoscope as a unit through the barrel of the 
rigid bronchoscope. After two minutes, slow balloon deflation was performed. If no bleeding was 
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evident, additional biopsies followed in with the same procedural steps as described above. If active 
bleeding was evident, algorithmic management and grading of the bleed followed.  

 

Figure 1. Algorithm for the Evaluation and Management of TBLCB – related IPTX. Key, TBLCB – Transbronchial 
Lung Cryobiopsy, TUS – Thoracic Ultrasound, IPTX – Iatrogenic Pneumothorax, CXR – Chest X – Ray, * - Patient 
Spontaneously Breathing, △ – Presence of Lung Sliding and Seashore Sign in all 4 Lung Zones, ○ – Lung Sliding 
and/or Seashore Sign not verifiable in all 4 Lung Zones. ⁺ - Per American College of Chest Physician’s 
Pneumothorax Size Criteria. 

TUS was performed during spontaneous breathing pre- and immediate post-TBLCB, within 15  ’
of extubation. Four zones were mapped on supine patients based on the parasternal, anterior axillary 
and posterior axillary lines (Figure 2). Using a linear array transducer (Z.One Pro, Zonare Medical 
Systems Inc) in B and M-modes, zones were scanned both longitudinally and transversely for sliding 
lung (SL) and seashore sign (SS) assessment in both the pre- and immediate post-TBLCB stages of the 
procedure  (Figure 3A,B). The number of zones demonstrating the presence of both SL and SS signs 
were documented (i.e., 4 of 4 zones).     

 

Figure 2. Anterior Lung Zones Mapped in TUS [7]. 
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Figure 3. TUS with M – Mode and B – Mode. (a) M – Mode shows a “barcode sign” and B – Mode shows an 
absence of lung sliding, pneumothorax. (b) M – Mode shows a “seashore sign” and B – Mode shows presence of 
lung sliding, no pneumothorax. 

Clinically significant IPTX was defined as presence of symptoms (i.e. chest pain, shoulder pain, 
dyspnea or worsened dyspnea from baseline) and/or signs (i.e. new hypoxia, worsened baseline 
oxygen saturations with a slow recovery) suggestive of pneumothorax.  

Asymptomatic IPTX that met the  “large” size criteria (distance of >3 cm from the apex of the 
collapsed lung to the ipsilateral thoracic cupola) per American College of Chest Physicians (ACCP) 
would also require an intervention. 

TUS was used as the sole imaging study if a) both pre- and post-TBLCB TUS images 
unequivocally demonstrated the presence of both SL and SS signs in 4 of 4 zones (concordant results) 
and b) patients did not manifest symptoms and/or signs suggestive of clinically significant 
pneumothorax as above.  

Patients additionally received a portable CXR if a) post-TBLCB TUS could not verify presence 
of SL and SS in all lung zones that were present on pre-TBLCB TUS (discordant results) and/or b) 
patients manifested symptoms and/or signs suggestive of clinically significant pneumothorax as 
above.  

Patients with pre-TBLCB ultrasonographic features that are non-specific for IPTX were 
automatically sent for postprocedural CXR and were excluded from the study to minimize the chance 
of false positive results. 

3. Results 

Forty-four (86.1%) patients demonstrated concordant pre- and post-TBLCB TUS findings. Two 
of 44 (4.5%) developed symptomatic IPTX. Forty-two of 44 (95.45%) patients with concordant TUS 
findings did not require a CXR. Discordant TUS findings prompted CXR in seven (13.7%) patients. 
Of these, five (71.4%) were negative for IPTX and two (28.6%) were positive for asymptomatic IPTX. 
(Figure 4). 
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Figure 4. Results Demonstrating Concordance and Discordance of TBLCB TUS Findings. KEY, TBLCB – 
Transbronchial Lung Cryobiopsy, TUS – Thoracic Ultrasound, IPTX – Iatrogenic Pneumothorax, SBCT – Small 
Bore Chest Tube, MA – SBCT – Manual Aspiration via Small Bore Chest Tube, CXR – Chest X – Ray, SL – Sliding 
Lung, SS – Seashore Sign, ED – Emergency Department, D/C – Discharge, W/O – Without, H – Hour, * - Per 
American College of Chest Physicians. 

Amongst those with concordant findings on pre- and post TBLCB TUS (N=44), one patient 
(2.27%) developed symptomatic IPTX and one patient (2.27%) developed symptomatic delayed IPTX 
after 12 hours. The remaining 95.45% (N=42) were asymptomatic and discharged. 

Amongst those with discordant findings on pre- and post- TBLCB TUS (N=7), five (71.43%) were 
asymptomatic and were discharged after portable CXR proved negative for IPTX. Two (28.57%) had 
asymptomatic IPTX on portable CXR.  

IPTX which required an intervention were considered to be clinically significant. Based on 
the total 42 of the 44 patients with concordant pre-and post-TBLCB TUS that did not require a 
subsequent CXR, the negative predictive value of TUS for excluding a clinically significant IPTX was 
95.5% (95% CI, 0.89, 1.01); this is an exact Clopper-Pearson interval (Table 2).  

Table 2. Thoracic Ultrasonography and Chest X-Ray Findings. 

Study PTX (+) PTX (-) 
TUS (+) 2 5 
TUS (-) 2 42 

KEY, TUS – Thoracic Ultrasound. TUS (+) indicates discordance in pre/post – TBLCB TUS Imaging; TUS (-) 
indicated concordance between pre/post – TBLCB imaging. PTX – Pneumothorax. 

Complications 

Four patients (7.8%) developed pneumothorax, of which two (3.9%) were clinically significant 
requiring interventions - one successfully treated and discharged after ambulatory-based manual 
aspiration (MA) via a small-bore chest tube (SBCT) and one requiring hospitalization with SCBT 
placement and removal at discharge within 48 hours. This management strategy was guided by our 
algorithm for the management of transbronchial biopsy-related IPTX [7].  

Two (3.9%) had asymptomatic IPTX; one large per ACCP criteria which required hospitalization 
after failing ambulatory management with MA via SBCT, followed by discharge after SBCT removal 
at 48H. The second was small per ACCP criteria and demonstrated complete radiographic resolution 
on a follow up PA/Lateral outpatient CXR. 
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Bleeding complications were classified according to the Delphi Consensus Statement of the 
Nashville Working Group. Five patients (9.8%) developed bleeds. One (1.96%) developed Grade 1 
and four (7.8%) developed Grade 2 bleeds. No Grade 3 or 4 bleeds occurred. 

No mortality was reported. 

4. Discussion 

TBLCB has established its role in clinical practice guidelines as a safe and acceptable alternative 
for undetermined interstitial lung diseases in medical centers capable of performing and interpreting 
TBLCB [8-10]. As TBLCB becomes more widely adopted, prompt identification and management of 
complications should be integral to standardized procedural approaches [6]. Without defined and 
accepted procedural protocols, complications may be higher [11].  

Pneumothorax complicates TBBX in 1-6% of cases, with a higher incidence of 6-20.9% for TBLCB 
[11 – 20]. A meta-analysis of 68 studies evaluating the safety and diagnostic yield of TBLCB in 6386 
patients by Zayed et al. reported a pneumothorax rate of 9.6% [21]. Proposed risk factors that can 
increase the prevalence of IPTX after TBLCB may be due to low total lung capacity (TLC) and reduced 
diffusion capacity of the lungs for carbon monoxide (DLCO) [19].  

CT scan is the gold standard for diagnosing pneumothorax; however, due to its high cost and 
radiation exposure, it is not recommended as a first-line imaging modality [22,23]. Therefore, erect 
CXR has historically been the modality of choice for diagnosing IPTX following TBBX. The British 
Thoracic Society (BTS) guidelines recommend performing an erect CXR 1-hour post biopsies based 
on Perlmutt et al. ’s detection of 98% of significant pneumothoraces within the first hour of the biopsy 
procedure [24,25]. 

TUS is a safe, radiation-free, and cost-effective imaging modality whose role in the detection of 
IPTX has evolved since Lichtenstein and Menu first demonstrated its value in excluding IPTX in 
critically ill [26]. Its applications have since expanded beyond the intensive care unit to also detect 
and rule-out PTX in trauma patients with superiority over CXR, additionally in the detection of IPTX 
post-TBBX and specifically post-TBBX in lung transplant recipients [27-30]. 

Indeed, TUS is more accurate than CXR, particularly in ruling out PTX of different etiologies 
[6,23,31-40]. Herein, our study adds to this body of literature with our results of a 95% negative 
predictive value (NPV) for the exclusion of post-TBLCB IPTX. 

Our strategy of obtaining TUS imaging before and after TBLCB is based on concerns that 
potential false-positive findings for IPTX can be recognized by identifying pre-TBLCB 
ultrasonographic features that are non-specific for IPTX. Such cases with these pre-TBLCB 
ultrasonographic features should automatically qualify for a postprocedural CXR, as post-TBLCB 
TUS would be rendered unreliable. We speculate and concur with other investigators that false 
positives may be secondary to altered lung anatomy in the selected patient population as they may 
have underlying lung pathology, previous lung surgeries, or the use of radiation therapy, which may 
cause pleural adhesions and loss of lung sliding [28,31]. 

Guidelines recommend that CXR should be performed after TBBX. Interestingly, Izbicki et al. 
suggested that routine CXR after TBBX is not necessary and can be safely avoided specifically in 
asymptomatic patients without significant oxygen desaturation events, as pneumothorax is rare and 
of negligible clinical significance in these patients [4]. 

Delayed pneumothorax can occur as reported in one of our patients. Unfortunately, literature 
describing the incidence and timing of occurrence of delayed IPTX after lung biopsies is not available. 
We must therefore ensure appropriate education is given to instruct patients to seek emergent care if 
any concerning symptoms arise. 

Although not the focus of this study, it is worthwhile mentioning that the implementation of our 
institutional protocol for the management of IPTX with manual aspiration via a small-bore chest tube 
can be a safe and feasible alternative for this complication following TBBX and TBLCB [40]. This 
approach encourages more individualized care supporting the ambulatory management of IPTX. 
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Overall, this study challenges the practice of using CXR to rule out IPTX. If validated, the use of 
TUS as the first line modality would shift procedural guidelines, while CXR can be used in select 
cases, which is in alignment with the evidence brought forth in our study.  By implementing this, 
TUS can reduce radiation exposure, especially in those who require frequent imaging.  

As we highlight the encouraging NPV of TUS for ruling out clinically significant IPTX with 
TBLCB, we acknowledge our study’s inherent limitations in being a single operator at a single center 
in addition to a smaller sample size. Larger, multicenter studies with a diverse patient population 
and multiple operators utilizing TUS as a diagnostic modality would further validate our results. 
Further studies may be necessary to implore the cost - effectiveness for both hospitals and patients 
when utilizing TUS instead of CXR for evaluating IPTX.  

5. Conclusions 

Applying our TUS protocol for ruling out clinically significant IPTX avoided routine CXR in 
95.5% of patients, suggesting its role as a safe alternative to routine CXR in post-TBLCB patients. 
However, the absence of sliding lung and/or seashore sign or presence of suspicious symptoms 
and/or signs should prompt a CXR, as IPTX needs to be excluded. Delayed IPTX can occur and 
regardless of the imaging modality used for the evaluation of IPTX, patients do require specific 
symptom surveillance instructions. Future studies are required to support our findings and ideally 
evaluate upon broadening this approach for all forms of bronchoscopic sampling for diverse 
indications.  
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