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Abstract

Open heart surgeries are inevitable during pandemic and there is the possibility of corona virus transmission through oxygenated exhaust
during cardiopulmonary bypass (CBP). In this study, researchers try to test the hypothesis by placing an antiviral and antibacterial filter in
the air outlet of the oxygenator in order to prevent spread of COVID-19 virus in operating room.

The COVID-19 positive patient needed emergency open-heart surgery due to her critical situation. The patient was under cardiopulmonary
bypass for almost two hours. Antibacterial and antiviral filters were placed in oxygenator outlet. At the end of the procedure, polymerase
chain reaction (PCR) swab was taken from both sides of the filter. The result of the test behind the filter was positive, but at the other side
of the filter was negative. This may suggest, the exhaust air from the oxygenator can spread viruses into the room and the antibacterial
and antiviral filters may be able to prevent operating room contamination. The installation of filter in the oxygenator exhaust can prevent
the spread of COVID-19 viruses into the operating room air. Using this cheap and affordable method, operating room staff safety can be
assured.
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Introduction

New dimensions of the emerging COVID-19 virus
are recognizing everyday, although the transmission
and spread of virus is not fully known. As open-heart
surgeries are inevitable during pandemic, it is important
to find or change all possible sources of contamination
in the operating room to protect surgical staff (1,2).
Although theoretically, it is possible for virus to pass
through oxygenator membranes (3-5). In most research
studies it is believed that in long-term oxygenators such as
extracorporeal membrane oxygenation (2), installation of
antiviral and antibacterial filters in the oxygenator outlet
during open heart surgery can prevent the spread of corona
virus in the operating room. In this study researchers will
test this hypothesis.

Case Presentation
In this study, patient was a 53-year-old female with

severe mitral stenosis and tricuspid regurgitation who
had COVID-19 disease a month before her visit. Patient
had fever and chills with chest computerized tomography
(CT) scan showed 15% of lung injury. The nasopharyngeal
swab was taken and polymerase chain reaction (PCR) for
COVID-19 was negative. The patient was hospitalized and
treated with ceftriaxone and hydroxychloroquine for one
week. She was discharged with azithromycin prescription
and quarantine at home for few weeks. She became a
candidate for surgery after two months. Three negative
nasopharyngeal PCR reported with IgG=0.1and IgM=9.1
before surgery. Open heart surgery was conducted due
to progressive heart condition. Mitral valve replacement
with mechanical ST No=29 and tricuspid valve repair
was performed successfully. During the surgery, a cardio
pulmonary bypass was conducted. The patient’s venous
blood as well as suctioned blood entered the oxygenator
for oxygenation and CO, excretion. Then, it was returned
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I Implication for health policy/practice/research/
medical education

The installation of filter in the oxygenator exhaust can prevent
the spread of COVID-19 viruses into the operating room air. It is

important to find or change all possible sources of contamination in
the operating room to protect surgical staff.

to the patient through the aortic cannula. The air inside
the oxygenator evacuated through two exhaust outlets:
oxygenator exhaust (OE) and reservoir exhaust (RE).
The research team attached a 1/4-inch tube to the RE
outlet. They also connected the OE outlet to a 1/2 or 3
/8-inch tube and attached both tubes to the three-way
connector by using an antibacterial and antiviral filter in
between (Figure 1). Then the outlet of cardiopulmonary
bypass (CPB) machine was connected to the ventilator
outlet through a 3-way connector which then directed
the exhaust air outside the operating room. After
disconnecting the patient from the CPB machine and
before the surgery completion, the filter was separated
from the tubes and two samples were taken from both
sides of the filter. Sample number one was taken from
the inner surface which transfer air from OE (behind the
filter). Swab number two was taken from the other side of
the filter which evacuate air to the room. Then the samples
were sent to the laboratory and the patient was transferred
to the ICU. The PCR test was positive for sample number
one and it came back negative for sample number two.
This may suggest that air evacuated from oxygenator is
able to contaminate operating room with COVID-19
virus and installation of filters can prevent it.

Discussion

Although SARS-CoV-2 is apparently transmitted through
respiratory particles (6) it is also present in the blood,
feces and urine (7), while different studies show the
virus is isolated from patients’ blood (8, 9). Although
theoretically the blood inside the oxygenator is not in
contact with air, due to the size of the pores which is less
than 200 nanometer and the size of the corona virus which
is 60 to 140 nanometer (3, 4). There is the possibility of
coronavirus exhaustion from blood to the air (5). There is
also a large number of hollow fiber through which blood
passes and some of which are likely to be damaged (10)
and therefore the air inside the oxygenator is likely to be
contaminated.

Reverse transcription PCR (RT-PCR) is a laboratory
method which is recognized as a diagnostic test by World
Health Organization (WHO) and Centers for Disease
Control and Prevention (CDC) (11). The sensitivity of
this test is not known yet, but it has been reported as 60%
in some studies (12). Although the preoperative PCR
test was reported negative in this patient, there is still the
possibility of having corona disease or the availability of
virus in her blood.
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Figure 1. The evaluation of the effectiveness of antibacterial and
antiviral filters (number one is the place to take the PCR sample
behind the filter and number two is the place to take the PCR
sample after the filter).

Conclusion

The PCR test results show the COVID-19 virus is able to
spread into the operating room through the oxygenator
exhaust and the placement of the antibacterial and
antiviral filters in the outlet path can prevent the room air
contamination. This cheap and accessible method is very
effective in order to protect operating room staff and it
tested in this study.

It is recommended that this study be repeated with a
larger sample size. Due to the unknown nature of this
virus and its pathogenicity and also in order to protect
Perfusionists and operating room staff during CBD, it is
recommended to install a filter in the exhaust path of the
oxygenator.

If this approach proven in several studies, regulatory
agencies and manufacturers may change the existing
protocols and the installation of antibacterial and antiviral
filters in the oxygenator outlet may become mandatory.

We hope that by using this new approach, the health and
safety of the health care team will be adequately ensured.

Acknowledgements

The authors would like to thank Modarres hospital operating
room staff and perfusionists, Mr. Hassan Ahmadi and Ezzatollah
Ghaznavi for their generous help.

Authors’ contribution

Conceptualization, methodology, investigation, visualization: MH.
Validation, supervision, project administration, writing—original
draft preparation: HG.

Formal analysis, resources: SAM.

Data curation, writing—review and editing: ZAA.

Funding acquisition: RT.

2 | Journal of Renal Endocrinology, Volume 9, 2023



Preventing COVID-19

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues

Ethical issues (including plagiarism, data fabrication, double
publication) have been completely observed by the authors. The
patient gave the consent for publication. A consent was taken from
the patient to publish as a case report.

Funding/Support
The authors declare that they have no funding source.

References

1.

Alizadeh Chavidel A, Mirzaaghayan M, Yousefnia MA,
Asdaghpour E, Baghaei Tehrani R, Jalilifar N, et al. Iranian
Society of Cardiac Surgeons COVID-19 task force version
I, restarting elective surgeries. J Cardiovasc Thorac Res.
2020;12:158-164. doi: 10.34172/jcvtr.2020.28.

Hekmat M, Ghaderi H, Aval ZA, Fani K, Foroughi M, Mirjafari
SA, et al. Introducing a method for safe air evacuation
from oxygenator in cardiac surgery operating rooms during
COVID-19 pandemic. Journal of Cellular & Molecular
Anesthesia. 2020;5:125-8. doi: 10.22037/jcma.v5i2.30415
Chang L, Yan Y, Wang L. Coronavirus Disease 2019:
Coronaviruses and Blood Safety. Transfus Med Rev.
2020;34:75-80. doi: 10.1016/j.tmrv.2020.02.003.
Squiccimarro E, Rociola R, Haumann RG, Grasso S, Lorusso
R, Paparella D. Extracorporeal oxygenation and coronavirus
disease 2019 epidemic: is the membrane fail-safe to cross
contamination? ASAIO J. 2020;66:841-3. doi: 10.1097/
MAT.0000000000001199.

Hekmat M, Ghaderi H, Aval ZA, Mirjafari SA, Hekmat M.

Does the exhaust air from oxygenator during open-heart
surgeries in COVID-19 positive patients cause operating
room air contamination? A case report. Immunopathol Persa.
2021;7:e0x. doi:10.34172/ipp.2021 .xx.

Daneshfar M, Dadashzadeh N, Ahmadpour M, Ragati Haghi
H, Rahmani V, Forouzesh M, et al. Lessons of mortality
following COVID-19 epidemic in the United States especially
in the geriatrics. J Nephropharmacol. 2021;10:e€06. doi:
10.34172/npj.2021.06.

Del Rio C, Malani PN. COVID-19-New Insights on a Rapidly
Changing Epidemic. JAMA. 2020;323:1339-40. doi: 10.1001/
jama.2020.3072.

Micarelli D, Moccia F, Costantini S, Feriozzi S. COVID-19 is
a complex disease with wide spectrum of clinical patterns
and an emerging problem for nephrologist. ] Nephropathol.
2020;9:e33. doi: 10.34172/jnp.2020.33.

Wang W, XuY, Gao R, Lu R, Han K, Wu G, et al. Detection of
SARS-CoV-2 in Different Types of Clinical Specimens. JAMA.
2020;323:1843-4. doi: 10.1001/jama.2020.3786.

Z Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al; China
Novel Coronavirus Investigating and Research Team. A novel
coronavirus from patients with pneumonia in China, 2019. N
Engl ) Med. 2020;382:727-33. doi: 10.1056/NEJM0a2001017.
Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al;
China Medical Treatment Expert Group for Covid-19. Clinical
characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020;382:1708-20. doi: 10.1056/NEJM0a2002032.
Chan JF, Yip CC, To KK, Tang TH, Wong SC, Leung KH, et al.
Improved molecular diagnosis of COVID-19 by the novel,
highly sensitive and specific COVID-19-RdRp/Hel real-time
reverse transcription-PCR assay validated in vitro and with
clinical specimens. J Clin Microbiol. 2020;58:00310-20. doi:
10.1128/JCM.00310-20.

Journal of Renal Endocrinology, Volume 9, 2023 |3



