
Supplementary S1- Study protocol 

1. Preparations: (1) Obtain Inform consent, (2) 

Position the patient’s head of bed at an angle of 30 to 

45 degrees, (3) Injected 20ml normal saline into the 

vacuum bottle for visualization of air bubbles, (4) Turn 

the vacuum bottle upside down and hang up on a drip 

stand at the same level of the patient’s chest, and 

connect to drainage set, (5) Identify the catheter 

insertion site with chest ultrasound by absence of 

sliding sign and presence of Barcode sign or 

Stratosphere sign, lung point, (6) Sterile the skin with chlorhexidine-based solution 

and allow to dry. 

2. Procedure: (1) Local anesthesia, (2) 

Insert the over-the-needle catheter into 

pleural space, remove the needle, and 

attach the catheter to three-way 

stopcock, (3) Connect the other two 

ends of the three-way stopcock to the 

drainage 

set and the 

digital 

pressure gauge (GiO 6, JITTO), (4) Manipulate the 

three-way stopcock, connecting the pleural space to 

Vacuum bottle filled with 20ml 

normal saline hanged upside 

down 

Intrapleural pressure 

measurement at end-expiration 

A schematic diagram for the connection of the 

non-tunneled catheter, 3-way stopcock, digital 

pressure gauge, and the drainage set 



the digital pressure gauge, check intrapleural pressure at end-expiration, (5) 

Manipulate the three-way stopcock, connecting the pleural space to the vacuum 

bottle, then manipulate the drainage set to start to drain the pneumothorax with 

formation of air bubble in one straight line. (Video in online content) (6) Slowly 

elevate the patient’s head of bed to a 90-degree angle, (7) Manipulate the three-way 

stopcock and check intrapleural pressure at end-expiration 1 min later, (8) Connect 

to Second vacuum bottle if indicated, (9) If no more air was drained, check 

intrapleural pressure again, then remove the catheter, (10) Follow up chest X-ray 

immediately after the procedure and on the next day.   



Supplementary Video S2- Online video content.  

Link address: 

https://drive.google.com/file/d/1GP9xpLBnAwaWIqizXbPkQOTlj1URSE51/view?usp=

sharing  

The video demonstrated the process of air drainage. To avoid rapid intrapleural 

pressure change and suction trauma, the flow rate of air drainage was slow and air 

bubbles were kept in one straight line throughout the procedure.   

https://drive.google.com/file/d/1GP9xpLBnAwaWIqizXbPkQOTlj1URSE51/view?usp=sharing
https://drive.google.com/file/d/1GP9xpLBnAwaWIqizXbPkQOTlj1URSE51/view?usp=sharing


Supplementary Figure S1 

 
Figure legend:  

Pressure-time curve of end-expiratory intrapleural pressure measurement during air 

drainage by vacuum bottle plus non-tunneled catheter in 21 patients. 

  



Supplementary Figure S2 

 
Figure legend: 

Box plots in combination with scattered dot plots for the numeric pain scale of 10 

recording before, during and after the procedure.  
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