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Procedure room innovation during
the COVID-19 crisis: Protecting healthcare
workers while learning from history
Dinesh Vyas,1,2,* Kayla K. Umemoto,2 Arpita Vyas,2 and Deepak L. Bhatt3
The impact of the recent pandemic on healthcare workers highlights the need to
improve the working environment in hospitals. This is especially true in proce-
dural rooms such as the operating and delivery rooms, which inherently require
extended exposure to the virus, allows no social distancing, and generates aero-
solized virus into the room through the use of the equipment.While reviewing the
history of the development of the current Heating, Ventilation, and Air Condi-
tioning Systems (HVAC), we identified inadequacies in the architecture and reg-
ulations of the system that resulted in insufficient protection during the current
pandemic. Thus, we worked with building/facilities management, the operating
room and nursing staff, and learned from research on airplane cabin air circulation
to modify HVAC systems to address this issue. The modification includes calcu-
lating and implementing appropriate air changes per hour of the HVAC system.
Modifying the existing system allows sufficient exchange of air within the proced-
ure room to reduce the amount of exposure to viruses which results in safer work-
ing environments for healthcare workers. In the future, there will continue
to be more pandemics, thus it is important to start creating safer working envi-
ronments now, such as revisiting the hospital architecture and HVAC system,
so that they can be improved upon and so that we are more prepared for the
future.
Visual representation of the devices

(Left) The existing HVAC system depicting enhanced transmission of the virus in the chamber through air recirculation.

(Right) The novel HVAC system depicting secure air exchange which allows chamber air to leave while introducing fresh,

uncontaminated air from the outside, thus reducing dissemination of the virus within the chamber.
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SARS-CoV-2 is intriguing, because it has an intermediate level of deadliness and contagiousness,

compared with the plague which is highly deadly but less contagious, and the measles virus which is highly

contagious but less deadly. This unique combination of virulence resulted in the COVID-19 pandemic

exposing inadequacies in all parts of our society. Owing to the urgency of the situation, fixing some of these

inadequacies required thinking outside the box and taking a page from other disciplines for creative solu-

tions. One such issue was the great toll the pandemic had on the health of front-line workers: physicians and

other hospital personnel (Wang and Bhatt, 2020). Globally, thousands of healthcare workers lost their lives

in the line of duty, reinforcing the importance of finding ways to protect healthcare workers. To address this

issue, we must close the gap in knowledge this pandemic has exposed—the interplay between virology,

immunology, and environmental engineering. Thus, the success in mitigating both the COVID-19

pandemic and future pandemics will involve a strategy targeting three areas (1) decreasing exposure

risk, (2) environmental control, and (3) pathogen-size appropriate personal protection (Centers for Disease

Control and Prevention, 2003).
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Many current efforts to contain SARS-CoV-2 in the hospital focus on non-procedural care. However, the pro-

cedural room should be of more concern for worker infection in the hospital (i.e., endoscopy, cardiac cath-

eterization, operating, or delivery rooms). In particular, the laminar flow of the operating room is not suffi-

cient in reducing the risk of COVID-19. This insufficiency is because of multiple pathogen and carrier/

disseminator factors such as the number and the size of active virus particles, route of shedding (e.g., airways

andgastrointestinal tract), and patient infectivity stage (e.g., early or late). In this Backstory, wewant to share

our experiences during the COVID-19 Delta Variant surge, where we worked with those in other disciplines,

particularly building/facilities management and the operating roomnursing staff. Many hospitals, including

ours, had high infection rates of healthcare workers, especially nursing staff. Thus, as administrators, we pre-

emptively acted to protect our scarcest resource by collaborating with building/facilities management to

establish an increase in air changes per hour. This collaborationwas an extremely positive experience in pre-

venting COVID-19 transmission to healthcare workers in the operating room at Dameron Hospital.
Proximity

What inspired/motivated your research?

Dr. Dinesh Vyas (Adventist Health Dameron Hospital) is a general surgeon who works in the operating room

andDr. Deepak L. Bhatt (Brigham andWomen’s Hospital Heart & Vascular Center, HarvardMedical School)

is an interventional cardiologist who works in the cardiac catheterization laboratory. During the COVID-19

pandemic, we worked in procedure rooms that resulted in more exposure to the virus compared with other

parts of the hospital. This is because of the innate nature of the work which requires (1) a long duration of

exposure because of the length of procedures, ranging anywhere between 15 min to 10 h, (2) no social

distancing because it is not feasible with five or more people who must work elbow to elbow, and (3)

aerosolized viral exposure moving at high velocities through jet-streams because of the drills, cautery,

scopes, saws, fluid spillage, and other equipment we work with on a daily basis. This unique situationmakes

COVID-19 a serious risk for all healthcare workers in the procedure rooms. Fortunately, during the heart of

the pandemic, there was a voluntary reduction in elective procedures. But since reopening, thoseworking in

procedure rooms had to be cautious of the huge surge in infections because of the new COVID-19 strains.

Why did you feel the need to pursue this research?

In the 18th century, epidemics were the norm for crowded, impoverished urban inhabitants, where large urban

hospitals had more cross-infections than rural hospitals. An article published in March 1942 inModern Hospital

laid the foundation of an innovative inpatient hospital floor plan. This article proposed the removal of patient

room windows with a common nursing station, prioritizing efficiency over sunlight and fresh air for patients (Ki-

sacky, 2017). Thismodeldideventually succeedbecauseofperceived reduced cross-infection rates and reduced

costs that came with windowless buildings. However, the reduced cross-infection rates were more likely due to

the introductionof antibiotics, which occurredaround the same time. Antibiotics helped improve cross-infection

rates because now more patients were treated, leaving fewer patients who were infected in closed rooms.

The process went full circle with a publication in 1984, in which hospital architect Roger Ulrich presented a

significant finding: hospital rooms with windows lead to faster recovery than hospital rooms without win-

dows (World Health Organization, 2009).

In the current day, Heating, Ventilation, and Air Conditioning Systems (HVAC) are indispensable in hospital

building design (American Institute of Architects, 2006; American Society of Heating, Refrigerating and Air-

Conditioning Engineers, 2003). During prior SARS outbreaks and the more recent COVID-19 pandemic, fil-

ters and HVAC were implemented. However, they were implemented with a lack of Class 1 scientific evi-

dence (Escombe et al., 2007). Based on current scientific knowledge, researchers believe that HVAC,

with the size of particles, buoyancy of aerosol, current filter size, and air circulation pattern, is a double-

edged sword. This may contribute to the continued prevalence of COVID-19 infecting physicians taking

care of patients, even with the utmost precaution.

This history of devastating yet improving working environments, in conjunction with the COVID-19

pandemic, inspired us to pursue this research project. We hope this work will now inspire others to further

research and improve procedure room working environments to help save healthcare workers from infec-

tion, and better prepare them for future pandemics.
iScience 25, 104704, August 19, 2022 3



ll
OPEN ACCESS

iScience
Backstory
Research methods

How did you approach developing the methodology for your research?

Our methodology consisted of examining current hospital ventilation standards in relation to SARS-CoV-2

and researching airplane cabin air circulation to further improve the ventilation.

Most healthcare facilities are more than 30 to 50 years old (The Joint Commission, 2003) and thus have a

lower air exchange setup. Even newer facilities are not strictly mandated to be built according to the guide-

lines laid down by the Facilities Guidelines Institute (FGI) & the American Society of Heating, Refrigerating,

and Air-Conditioning Engineers (ASHRAE) (American Institute of Architects, 2006; American Society of

Heating, Refrigerating and Air-Conditioning Engineers, 2003). These guidelines are updated annually;

the latest policy suggests various air changes per hour (ACH) for different parts of the hospital (i.e., clinics,

operation rooms, and hallways). ACH ranges from 2 to 15 per hour, and they are based on either droplet

infection (>5mm) or aerosol (1 to 5mm) (The Joint Commission, 2003). The ideal ACH is 9 per hour in non-

pandemic situations (The Joint Commission, 2003). However, because SARS-CoV-2 virus particles are

small—0.12mm—rooms require an ACH of more than 25 per hour. To put it into perspective, the current

HVAC is efficacious for particles as small as 0.3mm (Ridic et al., 2012).

This discrepancy exists because current guidelines are designed based on tuberculosis and HIV precau-

tions, not for COVID-19. Tuberculosis is a large airborne particle that is easily trapped, and HIV is a small

virus that is fluid transmissible. Therefore, both infectious diseases were well controlled with barrier im-

provements (e.g., proper masks and gloves). On the other hand, SARS-CoV-2 is 0.12mm in size with trans-

mission through both air and liquid, a dual mode that is among the most unique transmission we have seen

thus far in medicine.

Because themost recent guidelines were designed for tuberculosis and HIV, hospitals had to quickly adjust

for SARS-CoV-2. The two standard cleaning measures currently used are ultraviolet radiation and high-rate

ACH with HVAC. Taking into account our SARS-CoV-2 research, several immediate ventilation measures

must be implemented, the most important is establishing localized ventilation: have a higher ACH (25 to

30 per hour) close to those in an airplane cabin. Traditionally, aircrafts replace 50% of the cabin with fresh

air from the outside, the other 50% being recycled (Elwood and Space, 1994). Thus, the aircraft has a com-

plete change in cabin air every two to three minutes or an ACH of 20 to 30 per hour (Elwood and Space,

1994). Presumably, this reduces the dissemination of germs.
The survival of the airplane industry
was dependent on safe travel for their
passengers. During the pandemic
they shared historical ventilation
research on safety in the airplane
chamber via mass communication.

It’s important for physicians to look at
the engineering aspect of the
environment including air, water, and
food. During the COVID-19 pandemic
we realized the most vulnerable
population consists of older patients
living in nursing homes with enclosed
ventilation.
Governance

Where did you get help from or seek advice to execute your project?

In our research, we sought out already studied technology-airplane

cabin air circulation. This was possible because, ‘‘The survival of the

airplane industry was dependent on safe travel for their passengers.

During the pandemic they shared historical ventilation research on

safety in the airplane chamber via mass communication.’’ Airplanes,

similar to procedure rooms, are very crowded and enclosed chambers

with medium to long duration air exposure. The airplane industry inten-

tionally exchanges air every two to four minutes resulting in 15 to 30 air

changes per hour (ACH) (The Joint Commission, 2003).

‘‘It’s important for physicians to look at the engineering aspect of the

environment including air, water, and food. During the COVID-19

pandemic we realized the most vulnerable population consists of older

patients living in nursing homes with enclosed ventilation,’’ thus we

sought help from building/facilities management to help us implement

this ACH technology gathered during our research, as patients in the

hospital are similar, or even more vulnerable than older patients living

in the nursing homes.

Can you answer how you decided to look into airplane cabin airflow?
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My partners and I are frequent fliers on major international routes with travel time in excess of ten hours.

During the influenza season, our team developed minor or major flu-like symptoms, and it was a challenge

for our project and health. The aviation industry did not share the literature on ventilation in the aircraft

chamber before COVID-19. This epidemic caused a major upheaval in the industry, and passenger safety

became the most important concern. This challenging circumstance forced the aviation industry to proac-

tively share and publish the data in the mainstreammedia and implement its recommendations to assuage

health concerns of the travelers.
Challenges

What challenges have you faced so far or project for the future?

Any large infrastructure change will be a challenge to implement because of the expense. Thus, we believe

one challenge will be giving the hospitals a financial incentive to make the change. Though a challenge, we

also believe that implementing a better air circulation system can be further supported because of

decreased financial costs of having healthcare workers who are infected with COVID-19 or other future

pathogens. It is estimated that inpatient admission to treat COVID-19 can be $20,292 for patients with ma-

jor complications or comorbidities, $13,767 for patients with some complications or comorbidities, and

$9,763 for patients without complications (Rae et al., 2020). Then, patients who require ventilator support

for less than 96 h may cost $34,223 and those who require ventilator support for more than 96 h may cost

$88,114 (Rae et al., 2020). Finally, these costs do not account for the time the healthcare workers are not

able to work, indicating a heavy financial burden that can result from not improving the working environ-

ment of procedure rooms.
Publication/final thoughts

What breakthroughs do you imagine or hope to see in upcoming years?

In the upcoming years, we first hope to see windows that communicate with the outside environment and

that have the option of localizing circulation in certain parts of the hospital. Next, we hope that more mea-

sures are taken to protect healthcare workers. During the height of the pandemic, some changes included a

push to (1) suspend elective surgical procedures, (2) minimize staff during the procedure, (3) wear the

appropriate personal protective equipment, and (4) use a negative or positive pressure room, if possible.

However, though the appropriate personal protective equipment greatly reduces the infection rates of

healthcare workers, there is still a risk. In one study assessing the effectiveness of universal masking, the

risk dropped from 21.3% to 11.5% in one population and is in an overall downward trend in infection rates

in other populations (Temkin et al., 2021). In addition, such decreases in risk of infection also depend on

availability and the proper use of the appropriate personal protective equipment and thus potentially

have limited use.

The major change we hope to see is implementing HVAC with the appropriate ACH and other changes in
Though we were able to quickly make
changes to address COVID-19, we
must use this warning sign as an
opportunity to make the appropriate
changes to our ventilation system
now, as this will not be the last
pandemic.
ventilation. This is crucial because, ‘‘Though we were able to quickly

make changes to address COVID-19, we must use this warning sign as

an opportunity to make the appropriate changes to our ventilation sys-

tem now, as this will not be the last pandemic.’’

What questions does your research open now?

This research challenges us to continue questioning the quality of the

working environment in hospitals. Though the HVAC system can greatly

improve this environment, researchers anticipate that there will be a few

iterations of the HVAC innovation before a more cost-effective and bet-

ter version is designed. However, we have a direction.
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