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Introduction. Much data suggest that thoracic ultrasound prior to MT could reliably and safely 

identify sites for trocar entry in patients without artificial pneumothoraces. However, its value 

on MT patients with artificial pneumothoraces has not been fully explored. This study aimed 

to evaluate the role of thoracic ultrasound prior to MT in patients with artificial 

pneumothoraces. 

Methods. A total of 62 patients underwent pneumothorax induction and MT concurrently. The 

safety of pneumothorax induction and the feasibility of ultrasound-guided pleural entry site 

localization were recorded. 

Results. Artificial pneumothoraces were successfully induced in all 62 patients without severe 

complications (subcutaneous emphysema occurred only in 3 patients). Thoracic ultrasound 

located appropriate entry points for trocar insertion in all patients. Conclusion. Artificial 

pneumothorax induction is a relatively safe procedure, and ultrasound-guided pleural entry 

site localization is feasible for patients with artificial pneumothoraces.  

 

1. INTRODUCTION 

Medical thoracoscopy (i.e., thoracoscopy with local anesthesia under conscious 

sedation, MT) is a safe, minimally invasive, and low-cost endoscopic technique that 

can significantly improve the diagnostic rate of pleural diseases [1, 2]. A critical issue 

prior to MT is locating the best pleural access point to avoid adhesions and tearing the 

lung with instruments when entering the chest cavity. It is not always possible to note 

adhesions and fibrous septations on pleural CT, whereas thoracic ultrasound detects 
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these more readily [3, 4]. Moreover, current data support the novel use of thoracic 

ultrasound to indicate the optimal point of entry and successful thoracoscopy [3, 5, 6]. 

However, these studies focused on patients with visible pleural effusion at the affected 

side in the lateral decubitus position. For patients with small or no pleural effusion, 

artificial pneumothoraces are often induced to collapse the lung and allow access [2]. 

A chest radiograph or CT scanning was commonly performed to confirm the 

separation of the lung from the chest wall, potentially adding considerable time to the 

MT procedure and exposing the patient to ionizing radiation.  

Thoracic ultrasonography has developed into a well-established method for 

examining structures of the chest wall and pleura. However, though it holds the 

advantage of portability, simplicity, rapidity, and higher sensitivity and accuracy 

compared to CXR to confirm pneumothorax [7-9], there are few published data 

regarding the role of thoracic ultrasound prior to MT in a patient with an artificial 

pneumothorax. Therefore, we reviewed cases from our center where pneumothorax 

induction and thoracoscopy were performed to assess the role of thoracic ultrasound 

prior to MT.  

 

2. METHODS 

2.1. Study Population. Sixty-two patients with pleural effusion underwent 

pneumothorax induction and MT concurrently in Beijing Luhe Hospital, Capital 

Medical University, from July 2018 to December 2021. The inclusion and exclusion 

criteria followed the guideline of the British Thoracic Society published in 2010 [2]. 

The study was carried out ethically in conformity with the World Medical Association 

Declaration of Helsinki and approved by the Ethics Committee of Beijing Luhe 

Hospital, Capital Medical University (2019-LHKY-041-01). Informed consent was 

obtained from all the participants. 

2.2. Pneumothorax Induction. Firstly, thoracic drainage catheterization was performed 

for pleural effusion sample collection and relief of shortness of breath. Then, the 
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patient sat in the sterilized therapy room, and 300ml of air was slowly injected into 

the thoracic cavity through the thoracic drainage catheter (Mode K1, Changzhou 

Medical Instrument Co., Ltd., Changzhou, Jiangsu Province, China) to induce the 

artificial pneumothorax. The patients were closely monitored and queried for any 

discomforts during the procedure, such as chest tightness, chest pain, and palpitation. 

The procedure will be suspended immediately if any discomfort occurs. If discomforts 

were relieved after a few minutes, induced pneumothorax could be continued to reach 

the target volume of 300ml. Otherwise, the procedure was stopped, and patients were 

given oxygen, monitored closely, and transferred to the ward. 

2.3. Pneumothorax Formation Confirmation. After pneumothorax induction, the 

patient was placed in a lateral decubitus position with the affected side upward. A 

thoracic CT scan was conducted to observe intrathoracic adhesions and gas 

distribution in the thoracic cavity. A site with sufficient pleural space separating the 

lung from the chest wall was marked (the pleural access point in the CT scan, shown 

in Figure 1A). 

 

 
Figure 1: Thoracic CT and ultrasound images of an artificial pneumothorax. (A) Artificial 

pneumothorax image in a lateral decubitus position CT scan. White arrow indicated the pleural access 

point marked by a clip. (B) Artificial pneumothorax image in thoracic ultrasound. 
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2.4. Thoracic ultrasound and medical thoracoscopy. A thoracic ultrasound was further 

performed to confirm the access point and assess adhesion prior to MT. The linear 

array probe (7.5-10MHz, Hitachi Medical Corporation, Tokyo, Japan; or 3-9MHz, 

Philips Healthcare, Bothell, Washington, USA) was placed in the costal margins 

between the fourth intercostal space and the eighth intercostal space on the lateral 

anterior chest wall, range between the anterior axillary line and the posterior axillary 

line to visualize pleural adhesions and pleural calcifications. Moreover, the B-mode or 

M-mode was used to observe the signs of pneumothorax, such as the absence of lung 

sliding [10], stratosphere sign [11], lung point sign [12], and absence of B-lines [13]. 

The optimal site for pleural access was also marked (pleural access point in 

ultrasound, shown in Figure 1B). The marked pleural access point was infiltrated with 

lidocaine. Next, a small port was dissected bluntly from the skin to the pleura, and a 

trocar was placed through the port. Then, MT (LTF 240, the outer diameter of 7mm, 

working channel diameter of 2.8mm, Olympus, Japan) was performed under local 

anesthetic with continuous ECG monitoring and 2L/min oxygen supply. The 

following information was recorded: pleural access problems, need for a change of 

entry site (from the pleural access point in CT scan to the pleural access point in 

ultrasound), and presence of adhesions.  

2.5. Statistical analysis. All statistical analyses were processed by the SPSS for 

windows, version 18.0 software. The continuous variables were described as mean 

and standard deviation (SD), and the discrete variables were described as frequency 

and proportion.  

 

3. RESULTS 

Sixty-two patients were included in this study; 41 were male with an average age of 

58.53±20.90 years, and 21 were female with an average age of 59.14±14.93 years. 

Among the 62 patients with pleural effusion, 26 (41.94%) had left-sided pleural 

effusion, 30 (48.39%) had right-sided pleural effusion, and 6 (9.68%) had bilateral 
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pleural effusion. The other detailed characteristics of participants are depicted in Table 

1. 

 

Table 1: Baseline characteristics of the 62 patients. 

Variables Data 

Gender, n (%)  

Male 41 (66.13%) 

  Female 21 (35.48%) 

Age, years   

  Male 58.53 ± 20.90 

  Female 59.14 ± 14.93 

Pleural effusion distribution  

Left-sided 26 (41.94%) 

Right-sided 30 (48.39%) 

Bilateral  6 (9.68%) 

Pleural effusion volume  

Small 10 (16.13%) 

Moderate 27 (43.55%) 

Large 25 (40.32%) 

Amount of artificial pneumothorax  

300ml 54 (87.10%) 

<300ml 8 (12.90%) 

Complications during pneumothorax induction  

Chest tightness 9 (14.52%) 

Chest pain 0 

Palpitation 0 

Subcutaneous emphysema 3 (4.84%) 

Data are presented as mean ± SD or number (%)  
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Pneumothorax was artificially induced in all patients prior to the MT operation. 

Most patients (n=54, 87.10%) can tolerate the pneumothorax volume of 300ml. Of the 

54 patients, one patient with a large amount of pleural effusion felt chest tightness and 

subcutaneous emphysema occurred in two patients (with obvious adhesion). The 

induced pneumothorax volumes of the remaining 8 (12.90%) patients did not reach 

300ml because of unbearable chest tightness, and the gas volume was 225±65 ml. 

One of the eight patients developed subcutaneous emphysema, and the patient had 

obvious pleural adhesion. All three patients with subcutaneous emphysema had stable 

vital signs and did not need special treatment.  

Based on signs of pneumothorax, safe and feasible entry sites were identified in all 

62 patients using thoracic ultrasound. No lung injury occurred in all patients. Of note, 

the ultrasound pleural access points of 60 patients were basically the same as those of 

CT scans, without the need for a change to a new site. In two patients, the CT pleural 

access points were located at the adhesive bands, which were not found by CT but 

detected by ultrasound, accepting a change of the entry sites. 

The final diagnoses for the 62 patients are shown in Table 2. 11 out of 16 malignant 

patients were diagnosed with lung cancer, followed by four patients with breast cancer 

and 1case of lymphoma. In total, 29 out of the other 46 patients had tuberculous 

pleurisy, and the remaining diseases were parapneumonic effusion in 3 and temporary 

nonspecific pleurisy in 14.  
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              Table 2: The diagnoses of the 62 patients.  

Diagnosis n 

Malignant diseases 16 

Lung cancer with pleural metastasis 11 

Breast cancer with pleural metastasis 4 

Lymphoma 1 

Other diseases 46 

Tuberculous pleurisy 29 

Parapneumonic effusion 3 

Nonspecific pleurisy 14 

 

4. DISCUSSION 

Medical thoracoscopy (MT) is an excellent tool for diagnosing unexplained pleural 

effusion [1]. Before MT, it is necessary to locate the optimal pleural access point to 

avoid lung stabbing injury or to avoid lacerating the adhesions. Many data suggest 

that thoracic ultrasound prior to MT could reliably and safely identify sites for trocar 

entry in patients without an artificial pneumothorax [3, 5]. Our study further 

highlights its role in MT with an artificial pneumothorax. 

MT is a minimally invasive endoscopic technique working on patients with 

spontaneous breathing. Hence, there would be a possibility of lung injury at the time 

of trocar insertion if there is no collapse. Usually, inducing artificial pneumothoraces 

to collapse the lung and allow access is our practice, especially for patients with 

loculated effusion or without enough pleural effusion in the lateral decubitus position. 

However, not all MT units do this because of the time factor [14]. In our institution, a 

chest drainage catheter is commonly indwelled during a routine thoracentesis for 

subsequent drainage of the pleural effusion to relieve symptoms, avoiding repeated 

thoracentesis. Therefore, inducing artificial pneumothorax using this drainage catheter 
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does not delay the MT procedure. 

Moreover, artificial pneumothorax is relatively safe. The vast majority of patients 

can tolerate artificial pneumothorax without serious complications. Only three 

patients developed subcutaneous emphysema in our study, but no special treatment 

was required. However, it is essential to note that the patients should be closely 

monitored and queried for any discomforts during the procedure. 

After pneumothorax induction, a chest X-ray, fluoroscopy, or CT examination is 

required to confirm its formation-which may cause a delay to the MT procedure and 

expose the patient to ionizing radiation. With the application of ultrasound in the 

thorax, thoracic ultrasound offers an alternative approach to confirm the successful 

development of a pneumothorax based on the signs of pneumothorax in ultrasound. In 

this study, we used a portable thoracic ultrasound instrument to ensure the separation 

of the lung from the chest wall and to locate the appropriate entry point further. The 

thoracic ultrasound exam adds only a few minutes to the procedure and reliably 

identifies a pleural access point where there is sufficient space for the trocar insertion. 

Much evidence supports its application in this field regarding the role of ultrasound in 

the localization of thoracic entry points. In the 1990s, Macha et al. used ultrasound to 

indicate the optimal thoracic entry points with a 100% access rate and 20-30 min 

could be saved for each procedure in an uncontrolled study of 687 patients [14]. A 

prospective cohort study of 20 patients illustrated that ultrasound could identify entry 

sites prior to MT, even in cases with pleural adhesions [5]. Another prospective cohort 

study by Medford et al. suggested that pre-MT ultrasound could reduce the pleural 

space access failure rate from 16.7% to zero [3]. However, this series of studies 

focused on the role of ultrasound prior to MT without artificial pneumothoraces. Our 

study extended and suggested the application of ultrasound to MT with an artificial 

pneumothorax. Besides locating the best pleural access point, thoracic ultrasound can 

detect thick fibrous septation. A previous study by Medford et al. showed that thick 

fibrous septations were found in only 12.5% of cases on the pleural CT, while thoracic 
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ultrasound was more likely to detect these [3]. Similarly, two pleural access points 

were initially located at the adhesive bands, which were not found by CT but detected 

by ultrasound, causing a change of the entry sites in our study. The performance of 

thoracic ultrasound in detecting fibrous adhesive bands and its characteristics of 

portability and non-ionizing radiation compared with CT indicates the prominent role 

of thoracic ultrasound in locating the best entry site prior to medical thoracoscopy. 

In summary, although this is a single-center study with a limited sample, our data 

suggest that artificial pneumothorax is safe and ultrasound-guided pleural entry site 

localization is feasible. Our study addressed for the first time the benefits of pre-MT 

ultrasound when introducing a pneumothorax, further extending the application of 

ultrasound prior to MT. 
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