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Introduction
For a patient with coronavirus disease 2019  
(COVID-19) with chest drain inserted for 
pneumothorax, air leakage from the chest drain 
system, which is not a closed system, can aerosolise 
when bubbling through the underwater seal and 
cause viral spreading.1 There are limited reports 
suggesting means to prevent viral spread by 
modifying the chest drain systems for patients 
with COVID-19.2 The chest drain system used in 
our unit is the Atrium Ocean (MAQUET Medical 
Systems, United States). This system has three main 
chambers—a fluid collection chamber, a chamber 
with water-seal to monitor degree of air-leak, and 
a suction control chamber. The safety port valve, 
which is open to the air, prevents the chest drain 
system from forming a closed system which might 
in turn potentially cause tension pneumothorax, 
especially when suction is not applied. This safety 
port valve however creates a potential pathway for 
viral spread from the drainage system. Herein, we 
suggest modifications to the Atrium chest drain 
system and describe the subsequent COVID-19 test 
results from various parts of the system to test the 
effectiveness of the modifications.

Chest drain system modifications
We suggest three modifications on the system  
(Fig 1).

0.05% Aqueous-based chlorhexidine 
gluconate solution in water seal chamber
Kumar et al3 suggested the use of 1% sodium 
hypochlorite solution (ie, bleach) to replace the 
water in the water seal chamber for patients with 
COVID-19. However, we suggested the use of 0.05% 
aqueous-based chlorhexidine gluconate solution, to 
mitigate the potential risk of chlorine gas leaking 
back through the system to the patient. This 0.05% 
chlorhexidine gluconate solution is as effective 
as povidone-iodine or 70% ethyl alcohol against 
severe acute respiratory syndrome coronavirus 2  
(SARS-CoV-2).4
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Water column in the suction control 
chamber to water seal the chamber
Sterile water (5 mL) was added to the suction control 
chamber to water seal it, so that excessive gas could 
not escape the chest drain system through the suction 
control port. Any excessive air leak to this chamber, 
if any, could only leak out through the suction port.

Bacterial viral filter at the suction port
A bacterial viral filter (BVF) has a filtration 
efficiency rate of >99.9999% as tested with particle 
size of around 3 µm, which is effectively the size 
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FIG 1.  A modified Atrium Ocean (MAQUET Medical 
Systems, United States) chest drain system. (A) Cook 
adapter and bacterial viral filter, (B) 0.05% chlorhexidine 
gluconate solution to replace the water in the water seal 
chamber, and (C) water added in suction control chamber
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of SARS-CoV-2. The filter has a small dead space 
that minimises rebreathing of carbon dioxide. To 
connect the BVF to the suction port, the suction 
control stopcock is disconnected from the suction 
port. An adapter with diameter 15 mm from the 
Cook Airway Exchange (Cook Medical) is then used 
to connect the suction port to the BVF. If the Cook 
Airway Exchange adaptor is not available, an adaptor 
of a 7.5-Fr endotracheal tube is an alternative. The 
length of the suction port should be such that the 
filter does not touch the floor, or it might create a 
closed chest drain system, potentially increasing the 
risk of tension pneumothorax.

Practical experience
Sample collection
The above modified system was connected to a 
patient with COVID-19 who required mechanical 
ventilation for his chest infection complicated 
by pneumothorax. Several swabs from the chest 
drain system were taken and tested by polymerase 
chain reaction (PCR) for COVID-19. Swabs were 
taken from four sites on of the chest drain system 
(Fig 2). Swabs were taken with the sampling sticks 

moistened by sterile water. The sampling sticks 
were rolled over the sample areas at least 10 times 
in a circular motion. The swabs were sent to the 
microbiology laboratory immediately for testing 
for SARS-CoV-2 using a reverse transcription PCR  
(RT-PCR) TIB-E-gene test (TIB Molbiol 
Syntheselabor GmbH, Berlin, Germany) with the 
corresponding cycle threshold (CT) value. For Site 1, 
the chest drain catheter was disconnected from the 
tubing of the chest drain system and the swab was 
taken from the inside of the tubing. For Site 2, 1 mL 
of fluid from water seal chamber was aspirated. For 
Site 3, the tubing was disconnected from the BVF 
and the inside of the tubing was swabbed. For Site 4, 
the surface of the area beyond the BVF was swabbed.

Test results
For Site 1, testing with SARS-CoV-2 RT-PCR  
TIB-E-gene was positive and the CT value was 
29.51, compared with the CT value of 16.1 from the 
tracheal aspirate sample taken in the same patient on 
the same day. For Sites 2 to 4, SARS-CoV-2 RT-PCR 
TIB-E-gene tests were all negative.

Discussion
The results suggested the potential effectiveness 
of our system. Firstly, COVID-19 was detected in 
Site 1 (the chest drain catheter), confirming that 
the virus can potentially spread from a chest drain. 
Secondly, COVID-19 was not detected in Site 2, 
suggesting that the 0.05% chlorhexidine gluconate 
solution was effective against SARS-CoV-2. This is 
further supported by the negative COVID-19 result 
in Site 3. Because the virus was not detected in Site 
3, the negative result in Site 4 does not necessarily 
demonstrate the efficacy of the BVF in preventing 
the spread of COVID-19. Nevertheless, although the 
efficacy of individual modification of the chest drain 
system could not be demonstrated, the complete 
system proved to be effective in isolating the virus in 
the chest drain system.
 The number of patients with COVID-19 in 
Hong Kong has been small, and pneumothorax 
is not a common presentation for patients with 
COVID-19. To validate the efficacy of our suggested 
modifications, further testing of the system is 
required.
 Simple wall suction applied to the system 
could provide even better safeguard. However, 
suction is not clinically indicated for all patients 
with pneumothorax. Furthermore, wall suction 
cannot be applied during transport of the patient. 
If suction is clinically indicated, the modified chest 
drain system can be connected to the wall suction 
in the usual manner after removing the BVF; the 
BVF is unnecessary after connection to wall suction 
because the system is now closed.

FIG 2.  Sampling sites for coronavirus disease 2019 
polymerase chain reaction tests. Site 1: chest drain tubing 
immediately connected to patient; Site 2: chlorhexidine 
gluconate solution from the underwater seal chamber; Site 3: 
chest drain tubing before the bacterial viral filter; and Site 4: 
area beyond the bacterial viral filter
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Conclusion
Our proposed modifications of the chest drain 
system could potentially prevent the spread of 
COVID-19 in patients with pneumothorax. Further 
study is required to confirm the safety and efficacy of 
these modifications.
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