
 
 

 

 
 

Vented Individual Patient (VIP) Hoods for the Control of Infectious Airborne Diseases in
Healthcare Facilities

Patel, J.; McGain, F.; Bhatelia, T.; Wang, S.; Sun, B.; Monty, J.; Pareek, V.

Published in:
Engineering

Published: 01/08/2022

Document Version:
Final Published version, also known as Publisher’s PDF, Publisher’s Final version or Version of Record

License:
CC BY-NC-ND

Publication record in CityU Scholars:
Go to record

Published version (DOI):
10.1016/j.eng.2020.12.024

Publication details:
Patel, J., McGain, F., Bhatelia, T., Wang, S., Sun, B., Monty, J., & Pareek, V. (2022). Vented Individual Patient
(VIP) Hoods for the Control of Infectious Airborne Diseases in Healthcare Facilities. Engineering, 15, 126-132.
https://doi.org/10.1016/j.eng.2020.12.024

Citing this paper
Please note that where the full-text provided on CityU Scholars is the Post-print version (also known as Accepted Author
Manuscript, Peer-reviewed or Author Final version), it may differ from the Final Published version. When citing, ensure that
you check and use the publisher's definitive version for pagination and other details.

General rights
Copyright for the publications made accessible via the CityU Scholars portal is retained by the author(s) and/or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal
requirements associated with these rights. Users may not further distribute the material or use it for any profit-making activity
or commercial gain.
Publisher permission
Permission for previously published items are in accordance with publisher's copyright policies sourced from the SHERPA
RoMEO database. Links to full text versions (either Published or Post-print) are only available if corresponding publishers
allow open access.

Take down policy
Contact lbscholars@cityu.edu.hk if you believe that this document breaches copyright and provide us with details. We will
remove access to the work immediately and investigate your claim.

Download date: 24/05/2023

https://scholars.cityu.edu.hk/en/publications/vented-individual-patient-vip-hoods-for-the-control-of-infectious-airborne-diseases-in-healthcare-facilities(efe23412-9699-4a58-88ef-e0ccc447fe33).html
https://doi.org/10.1016/j.eng.2020.12.024
https://scholars.cityu.edu.hk/en/persons/steven-wang(aa0fd4b9-d12f-44eb-90e7-49b6a6c5d6ab).html
https://scholars.cityu.edu.hk/en/publications/vented-individual-patient-vip-hoods-for-the-control-of-infectious-airborne-diseases-in-healthcare-facilities(efe23412-9699-4a58-88ef-e0ccc447fe33).html
https://scholars.cityu.edu.hk/en/publications/vented-individual-patient-vip-hoods-for-the-control-of-infectious-airborne-diseases-in-healthcare-facilities(efe23412-9699-4a58-88ef-e0ccc447fe33).html
https://scholars.cityu.edu.hk/en/journals/engineering(e0a8b20f-f7a3-4e01-b5e5-17965cdfccf8)/publications.html
https://doi.org/10.1016/j.eng.2020.12.024


Engineering 15 (2022) 126–132
Contents lists available at ScienceDirect

Engineering

journal homepage: www.elsevier .com/ locate/eng
Research
Public Health—Review
Vented Individual Patient (VIP) Hoods for the Control of Infectious
Airborne Diseases in Healthcare Facilities
https://doi.org/10.1016/j.eng.2020.12.024
2095-8099/� 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail address: Jim.Patel@csiro.au (J. Patel).
J. Patel a,⇑, F. McGain b,c,d, T. Bhatelia e, S. Wang f, B. Sun e, J. Monty g, V. Pareek e

aCSIRO Energy, Melbourne, VIC 3169, Australia
bWestern Health, Melbourne, VIC 3021, Australia
c School of Public Health, The University of Sydney, Sydney, NSW 2006, Australia
dCentre for Integrated Critical Care, The University of Melbourne, Melbourne, VIC 3010, Australia
e The Western Australian School of Mines: Minerals, Energy and Chemical Engineering, Curtin University, Perth, WA 6102, Australia
fDepartment of Mechanical Engineering, City University of Hong Kong, Hong Kong 999077, China
gDepartment of Mechanical Engineering, The University of Melbourne, Melbourne, VIC 3010, Australia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 24 September 2020
Revised 28 October 2020
Accepted 17 December 2020
Available online 15 June 2022

Keywords:
COVID-19
Vented individual patient hood
Airborne transmission
Healthcare worker
Infectious disease
By providing a means of separating the airborne emissions of patients from the air breathed by healthcare
workers (HCWs), vented individual patient (VIP) hoods, a form of local exhaust ventilation (LEV), offer a
new approach to reduce hospital-acquired infection (HAI). Results from recent studies have demon-
strated that, for typical patient-emitted aerosols, VIP hoods provide protection at least equivalent to that
of an N95 mask. Unlike a mask, hood performance can be easily monitored and HCWs can be alerted to
failure by alarms. The appropriate use of these relatively simple devices could both reduce the reliance on
personal protective equipment (PPE) for infection control and provide a low-cost and energy-efficient
form of protection for hospitals and clinics. Although the development and deployment of VIP hoods
has been accelerated by the coronavirus disease 2019 (COVID-19) pandemic, these devices are currently
an immature technology. In this review, we describe the state of the art of VIP hoods and identify aspects
in need of further development, both in terms of device design and the protocols associated with their
use. The broader concept of individual patient hoods has the potential to be expanded beyond ventilation
to the provision of clean conditions for individual patients and personalized control over other environ-
mental factors such as temperature and humidity.

� 2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coronavirus disease 2019 (COVID-19) was first identified in
December 2019 [1]. Over the next few months, the disease quickly
spread across the globe. On 11 March 2020, the World Health
Organization (WHO) declared the COVID-19 outbreak to be a glo-
bal pandemic [2]. From the earliest reports, it was clear that hospi-
tals in significantly affected regions were inundated by patients
requiring respiratory support [3]. Experience from the severe acute
respiratory syndrome (SARS) outbreak in 2002–2003 and early
reports on COVID-19 suggested that exhaled air dispersion during
high-flow nasal oxygen therapy and noninvasive ventilation (NIV)
presented a high risk of infection for healthcare workers (HCWs).
For hospitals with insufficient negative-pressure and isolation
room capacity, and in the absence of other strategies to make these
interventions safe, it was widely recommended that these thera-
pies be avoided [4]. In response, several groups around the world
embarked on the development of vented individual patient (VIP)
hoods, which utilize (architectural) ventilation for the protection
of HCWs from emissions associated with these aerosol-
generating procedures [5–10].

The broader potential for these hoods to reduce hospital-
acquired infection (HAI) of COVID-19 has become apparent as evi-
dence for the aerosol transmission of severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2), the virus causing COVID-
19, has emerged [11]. Hospitals around the world have struggled
with HCW infection [12], highlighting the limitations of existing
protective measures against infectious airborne diseases. In this
context, VIP hoods offer a novel and powerful tool to limit the
spread of virus from the source (patient) and reduce the exposure
of HCWs.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eng.2020.12.024&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eng.2020.12.024
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Fig. 1. A schematic comparison of PPE, dilution ventilation, and LEV as controls for
the protection of HCWs against airborne diseases.
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The use of (architectural) ventilation as a means of diluting and
displacing pollutants has long been recognized as an effective
strategy for controlling the spread of infectious airborne diseases
[13–15]. In many industrial and research facilities, local exhaust
ventilation (LEV) is used to ensure that workers are not exposed
to toxic gases and emissions. In healthcare environments, LEV is
challenging; hence, the protection of HCWs is heavily reliant on
the availability, correct selection, and use of personal protective
equipment (PPE), and on dilution ventilation (e.g., heating, ventila-
tion, and air conditioning (HVAC)) and air filtration. Facilities with
enhanced dilution ventilation, such as negative-pressure and isola-
tion rooms, do provide higher levels of ventilation and/or air filtra-
tion than ordinary rooms [14,16,17]; however, their availability is
often limited, and they do not completely separate HCWs from the
airborne emissions of infected patients (Fig. 1). This leaves HCWs
vulnerable to HAI from contagious airborne diseases—a weakness
in existing healthcare facilities that has been clearly illustrated
by the COVID-19 pandemic.

During—and subsequent to—the earlier SARS outbreak in 2002–
2003, several researchers identified VIP hoods as a potential con-
trol strategy to reduce the extent of HAIs. In an internal report pub-
lished in 2003 from the University of Hong Kong, Li et al. described
a pram-style VIP hood that extended over the head of a patient’s
bedy. Later, in a survey of ventilation strategies for the control of air-
borne infectious diseases published in 2009, Nielsen [14] identified
the potential for this style of hood to enable the use of nebulizers
with infected patients. In 2015, Dungi et al. [18] presented a compu-
tational fluid dynamics (CFD) study on the efficiency of a headboard
extraction-style VIP hood in preventing the exposure of an HCW to
cough-produced aerosols from a patient lying on a bed within the
hood. The models demonstrated the effectiveness of the strategy,
with no aerosols escaping from the enclosure into the breathing
space of the HCW.

Based on the Hierarchy of Hazard Control, engineering controls
sit below elimination and substitution, but above administrative con-
trols and PPE [19]. Elimination and substitution are clearly not
available options in the case of an infected patient; hence, engi-
neering controls should be the primary form of protection. VIP
hoods, as an engineering control, offer a more effective means of
protecting HCWs than negative-pressure and isolation rooms, as
VIP hoods offer the following advantages:

� They can provide a physical barrier that protects HCWs from
both airborne (e.g., aerosols) and projected (e.g., coughed or
sneezed droplets) emissions, and reduce the spread of virus
beyond the patient’s bed;

� Protecting HCWs does not depend solely on the correct selec-
tion and use of PPE by the HCW and patient and, in contrast
to masks, the performance of VIP hoods can be monitored and
alarmed;

� The HCWs can be near the patient, as long as they are outside
of the enclosure, with minimal risk of infection or exposure to
aerosolized medication;

� The enclosure’s volume is significantly smaller than that of a
room; hence, high ventilation rates can be achieved with
greater efficiency (i.e., smaller fan, less energy).

While VIP hoods clearly have potential application beyond the
COVID-19 crisis, for other airborne diseases such as measles and
tuberculosis, it is still an immature technology and will require
further development before finding widespread application in
non-crisis scenarios. In this review, we explore the design and
y This report is not published. Li Y, Chan ATY, Leung YC, Lee JHW. Dispersion and
control of SARS virus aerosols in indoor environment-transmission routes and ward
ventilation. Hong Kong: University of Hong Kong; 2003.
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function of the various hoods described to date and identify key
design challenges and performance indicators, which we anticipate
will help to guide further development and inform the production
of standards and codes of practice.
2. Discussion

From March to May 2020, several VIP hoods were reported in
academic journals and magazines and on websites. Each of these
devices, developed in response to the COVID-19 pandemic, incor-
porates several key features:

� The ability to isolate individual patients. While similar
multi-bed enclosures have previously been described, such
as those developed for use during the Ebola outbreak in
2014–2015 [20], they do not provide the same level of air-
borne protection for HCWs.

� The use of fans to extract air from within the enclosure
and treatment of the effluent air prior to release. This fea-
ture provides protection from airborne transmission that is
not provided by traditional curtain-style approaches and
hoods without ventilation.

� Hood-style, partial coverage of the patient and bed
designed primarily to cover the patient’s upper body and
head. This approach enables the easy setup and removal of
the enclosure, in comparison with full-bed enclosures such
as the Trexler isolator tents. It also reduces the volume of
the enclosure requiring ventilation.

Small vented and non-vented enclosures developed specifically
for the protection of HCWs conducting particular aerosol-
generating procedures, such as intubation, extubation, and bron-
choscopy, were not included in this review, as they have been
designed for different purposes [21–23].
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2.1. Types of VIP hoods

Although each of the hoods incorporates the three features
described above, the nature of the different designs varies.
Fig. 2. VIP hoods. (a) Pram-type; (b) draped canopy; (c) box-type; (d) headboard
extraction type. E: extraction port; F/F: filter/fan system; H/E: headboard extractor.
2.1.1. Partially enclosed VIP hoods
We define ‘‘partially enclosed” to mean an enclosure that pro-

vides a physical barrier between the upper body of the patient
inside the enclosure and a person on the outside. Such enclosures
are not airtight and are designed to allow air to enter either
through vents or through gaps, such as those around the periphery
of the enclosure. One major benefit of such hoods is that they pro-
vide HCW protection from respiratory particles projected away
from patients by semi-ballistic sneezes and coughs.

For these enclosures, air is typically extracted through a port, or
ports, behind and/or above the patient’s head. This creates suction,
and air from the outside is drawn through vents or gaps and over
the patient. The resulting flow of air within the hood can be com-
plex, with implications for the ventilation rates required for differ-
ent hood designs.

We have grouped partially enclosed VIP hoods into three
classes: pram-type, draped canopy, and box-type.

(1) Pram-type VIP hoods. Adir et al. [5] reported on the devel-
opment of a pram-type hood to enable the safe use of NIV and
high-flow nasal cannula (HFNC). When the hood is deployed, a
transparent plastic canopy that is attached to the back of the bed
covers the patient’s upper body, Fig. 2(a).

The canopy can be retracted to allow access to the patient and
for the patient to be able to easily leave the bed. A single extraction
port is located above the patient’s head at the back of the enclo-
sure. Extracted air is passed through a pre-filter and a high-
efficiency particulate-absorbing (HEPA) filter before being released
back into the room. McGain et al. [7] described a similar enclosure
developed for the same purposes; this hood differs slightly from
that reported by Adir et al., being mounted on a mobile frame that
can be wheeled away from the bed. The canopy is internal to the
fixed frame, which reduces the need for decontamination of the
hood frame.

(2) Draped canopy VIP hoods. Several VIP hoods have been
reported in which a transparent plastic canopy drapes from a poly-
vinyl chloride (PVC) frame over a bed, thus forming an enclosure
over the upper body of a patient (Fig. 2(b)) [8,10,24]. Such devices,
as described by Convissar et al. [10] and Patel et al. [8], use the PVC
frame as ducting for air extraction. In the case of Convissar et al.
[10], ports were introduced into the canopy’s rear to allow rear
patient access.

(3) Box-type VIP hoods. A box-type VIP hood developed for use
in Brazilian hospitals appears to have been the most widely
deployed of the reported devices [9]. Named the ‘‘Cápsula
Vanessa,” after the first treated patient, this VIP hood was devel-
oped by the Instituto Transire and Samel Health Tech, and the
design was made freely available. This box-type hood is based on
a simple PVC pipe frame with a fan and filter system attached to
the outside of the hood. The frame rests on the bed, covering the
upper body of the patient, and a lightweight transparent plastic
canopy covers the frame (Fig. 2(c)). Unlike draped canopy hoods,
which are free-standing, the frame of a box-type hood rests on
the bed and must be lifted off the bed for the patient to exit the
hood.

The box-type hood appears to be ideally suited to fast deploy-
ment in a crisis scenario, such as COVID-19, as it is constructed
from easily available, low-cost components. However, manual han-
dling issues for both medical workers (in accessing the patient) and
patients (in exiting the hood without assistance) may limit the use
of this type of hood in non-crisis scenarios.
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2.1.2. Open VIP hoods
Here, we define ‘‘open” to mean an enclosure that does not pro-

vide a complete physical barrier between the upper body of the
patient inside the enclosure and a person on the outside (Fig. 2).
The open vented hoods that have been described to date are simi-
lar to draped canopy hoods, but do not have a canopy covering the
front face of the enclosure. The major benefit of these hoods is the
ease of access to the patient for HCWs and the potential for the
patient to exit the hood unassisted. A key limitation is that they
do not provide physical separation of patients from HCWs; hence,
there is a risk that semi-ballistic sneezes and coughs from patients
can expose HCWs to projected virus-bearing droplets.

Headboard extraction VIP hoods. The only open VIP hoods
reported to date are headboard extraction hoods. The headboards
for these hoods are located at the rear of the hood and provide
extraction uniformly across the back face (Fig. 2(d)). Such an
approach is designed to achieve an even flow regimen similar to
a laminar air flow cabinet. This approach has the potential to min-
imize the dilution time for any airborne contaminants exhaled by
the patient and ensures that airborne emissions flow away from
the entrance to the hood.

A headboard extraction VIP hood design was developed by the
US Department of Health and Human Services, Centers for Disease
Control and Prevention (CDC), and was made freely available [6].
One major challenge for this design is that, in order to produce uni-
form extraction across the headboard, a large complex surface will
be exposed to contaminants, which may cause problems for clean-
ing and infection control (vide infra). Another limitation of this
design is that it prevents access to the patient from behind.

2.2. Effectiveness of VIP hoods

Several of the reports on VIP hoods have included demonstra-
tions of their effectiveness in protecting HCWs from airborne con-
taminants. Adir et al. [5] applied photometry to show that only
0.0006% of smoke particles (0.3–0.5 lm) released inside a pram-



Fig. 3. A VIP hood’s effectiveness against repeated nebulizer aerosol generation.
Reproduced from Ref. [7] with permission.
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type hood passed through a filter system. Lang et al. [24] placed a
humidifier inside a draped canopy hood and positioned particle
counters (0.3–10.0 lm) both inside the hood and outside the hood
at the approximate height of a clinician’s head. Measurements
were performed with both the hood closed and fan on (at an
extraction rate of 230 L∙min�1) and without the hood and fan.
The particle count was found to be 18 and 700 m�3, respectively.
To assess the effect of the fan, the particle count was measured
inside the closed hood with and without the fan on, and the fan
was found to reduce the particle count by 63%. To simulate the
end of an aerosol-generating procedure, the particle count was
monitored after the humidifier was turned off. With the fan on,
the particle count decreased by 98% in 5 min, whereas it took
183 min to achieve the same decrease with the fan off.

The most comprehensive study described to date was reported
by McGain et al. [7], who investigated the potential for a VIP hood
to reduce the exposure of HCWs attending patients undergoing
aerosol-generating procedures. Using an aerodynamic particle
sizer (APS) spectrometer and a scanning mobility particle sizer
spectrometer (SMPS) for the aerosol counts of particles > 0.5 lm
and <0.5 lm, respectively, two high-aerosol-generating proce-
dures were identified: NIV and nebulizer therapy. The use of a
pram-type hood (1.3 m3 volume) with a ventilation airflow of
40 L∙s�1 was found to reduce the aerosol count in the vicinity of
an HCW attending a patient undergoing NIV treatment from 630
to 12 particles per milliliter for particles < 0.5 lm, and from 30
to 0.5 particles per milliliter for particles > 0.5 lm. For a patient
undergoing nebulizer therapy, the aerosol count was found to drop
from 51000 to 570 particles per milliliter for particles < 0.5 lm,
and from 1080 to 9 particles per milliliter for particles > 0.5 lm.
By measurement of the aerosol count consecutively both inside
and outside the hood, the hood efficiency (number of particles
measured outside hood/total number of particles introduced in
hood) was determined as a percentage for different particle sizes
(Fig. 3). The mean efficiency over the range of particle sizes mea-
sured was greater than 98.1%; thus, the tested VIP hood provided
at least the same protection to HCWs as wearing N95 masks.

2.3. Ventilation of VIP hoods

As VIP hoods have not been routinely used in hospitals, guid-
ance regarding the design of appropriate ventilation is not avail-
able. While existing hospital facilities are designed to minimize
the exposure of HCWs to airborne contaminants emitted by
patients, they do not provide compete isolation. Consequently,
ventilation rates are specified primarily to provide sufficient dilu-
tion to prevent airborne transmission. For different hospital envi-
ronments, the appropriate ventilation rate is generally
recommended in terms of either air changes per hour (ACHR) or
liter per second per person.

An evidence-based assessment of the safe airborne concentra-
tions of contaminants for a disease would require many factors
to be considered, including the infectiousness of the disease, the
nature of the emission (rate, concentration, composition, etc.),
and the effectiveness of PPE worn by HCWs and patient(s). Much
of this information is not available; consequently, recommended
ventilation rates are typically based on history and consensus
rather than evidence [25].

For a VIP hood, the purpose of ventilation differs depending on
whether the hood is open or closed. While the hood is closed, ven-
tilation is provided to ensure that HCWs have no exposure to the
airborne emissions of patients. In this case, the ventilation rate
should be sufficient to prevent leakage from the hood. When the
hood is open, HCWs can be exposed; hence, other factors associ-
ated with appropriate dilution within the room must be
considered.
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2.3.1. Ventilation rate
The effect of volume is important when determining the appro-

priate ventilation rate for a VIP hood. Although a hood can confine
airborne emissions to within a small volume, it may—depending
on the rate of ventilation—also concentrate infectious contami-
nants. The use of the ACHR or liter per second per person ventila-
tion rates advised for typical rooms would lead to a significantly
higher steady-state concentration of contaminants within hoods
[25,26].

When a hood is closed, the concentration of airborne contami-
nants inside the hood does not have an impact on HCWs. However,
if the concentration is high, opening the hood to access the patient
may threaten the HCW with unacceptable exposure. Two general
approaches can be adopted to address this issue:

(1) The ventilation rate can be set sufficiently high so as to
ensure that the steady-state concentration of contaminants result-
ing from a continuous source (e.g., exhalation or exhaled air disper-
sion during bi-level positive airway pressure (BiPAP) treatment)
does not exceed a safe concentration for HCWs;

(2) The ventilation rate can be set to be sufficient to ensure that
the concentration of contaminants resulting from the termination
of an aerosol-generating activity (e.g., the application of a mask
or ending BiPAP treatment) falls to a safe concentration within a
particular period of time.

Each of these may be acceptable approaches, but each will
require different protocols to be adopted. While option (1) would
likely be the most convenient, as the hood could be safely opened
at any time, it would require a constantly higher ventilation rate
than option (2). Option (2) would require that the conditions be
made safe prior to opening the hood, by both stopping the source
of emission and waiting for a period of time. For option (2), differ-
ent extraction rates could be applied when the hood is being pre-
pared to be opened in order to reduce the wait period.

Clearly, the determination of the appropriate ventilation rate for
a VIP hood requires several factors to be taken into consideration,
including the nature of the disease and emissions, the protocols for
the use of the hood, the environment outside of the hood, and the
design of the hood. It is important to carefully consider the design
of the air treatment systems used in VIP hoods. They should incor-
porate two elements: a fan for removing the air and a device for
purifying the air. Such systems can be attached directly to each
hood, or multiple hoods can be ducted to a single fan/purification



Fig. 4. Schematic of fan/purification system arrangements for VIP hoods.
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system (Fig. 4). Mobile fan/filter systems can also be attached
directly to hoods (Fig. 2(c)).

The selection of the fan will depend on factors such as the
required ventilation rate, efficiency, and noise. The choice of purifi-
cation system will likely depend on the location of exhaust gas
emissions. Although filters [27] and other gas treatment technolo-
gies are effective for reducing the concentration of contaminants
from air streams to safe levels, the exhaust air should ideally be
released at a site and distance that minimizes the risk of contam-
ination of building occupants and the community [26]. The release
of air outside of a facility provides the option to utilize a wider
range of gas treatment technologies, such as heat treatment and
chemical scrubbing. In some cases, the extraction of air from
within a facility and the release of air outside may cause problems
for existing engineering and air management systems. In such
cases, the release of air within the facility is possible, but careful
attention should be paid to the selection of a gas purification
strategy.

The use of redundancy, alarms, and maintenance protocols
should be carefully considered for VIP hood design, along with
the development of protocols for their use. Alarms that indicate
fan failure—or, preferably, low or reduced flow—will be important
to ensure the effective function of hoods, the protection of HCWs,
and the safety of patients. The potential to use alarms to alert
HCWs to ventilation failure is a key advantage of hoods over
masks, which are difficult to alarm. A redundancy of fans and
purification systems will ensure that safe conditions can be main-
tained even in the event of failure or during maintenance and
cleaning procedures.

2.3.2. Hood design for appropriate ventilation
The nature of airflow within hoods will vary considerably for

different hood designs, depending on factors such as the shape,
size, location, and configuration of air extraction and air ingress.
Fig. 5 shows a CFD analysis of a partially enclosed hood [8]. The
location of openings for air to enter the hood and the location of
extraction ports creates complex flow within the hood, with areas
of recirculation.

The design, development, and verification of VIP hood ventila-
tion performance would benefit from a combination of modeling
and experimental approaches. CFD is a powerful tool for the rapid
screening and optimization of designs to achieve suitable airflow
for different scenarios. Over the past two decades, CFD modeling,
alongside experimental studies, has been widely applied to exam-
ine the air flow in I-Class rooms in hospitals [28,29]. Most studies
have focused on ventilation dilution and diffusion processes in iso-
lation rooms [30–32]. In such studies, a species transport model is
included in order to track airborne contaminants and trace possible
Fig. 5. (a) Computational domain for CFD analysis; (b) particle trajectories colored by velo
inlet.
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infection paths. It is typically assumed that the exhaled air from
patients is the source of airborne contaminants, and that these
contaminants are transported and diffused by means of air flow.
Reynolds-averaged Navier–Stokes (RANS)-based turbulence mod-
els have been validated by experiments and can be used to evalu-
ate other case scenarios.

To fully understand and optimize the airflow within VIP hoods,
a wide range of CFD models need to be developed and validated.
These CFD models must characterize the ventilation performance
for varying:

� Topology of the VIP hood:① shape and size of hood and bed;
② size of the patient; and ③ gaps and blockages for medical
equipment (tubing, attending HCWs, etc.).

� Operating conditions and scenarios: ① breathing modes,
sneezing, coughing, talking, respiratory support, and other
similar scenarios; ② HCWs’ interventions for providing care;
③ partially or fully open canopy; and ④ position, movement,
and activity of patients inside the hood.

Careful attention must be paid to the numerical techniques and
validation of these models. Hydrodynamic characterization using
single-phase and multi-phase modeling approaches must be com-
pared and detailed particle residence time distribution must be
developed in order to fully understand the dilution rates. While a
fully resolved simulation may provide detailed information on
the behavior of droplets and aerosols, a judicial choice between
experiments and CFD models must be made when assessing VIP
hoods. Validation using intrusive and nonintrusive high-fidelity
experiments such as particle image velocimetry, tracer concentra-
tion monitoring, and high-speed imaging must be considered.

The key output from these models is the optimized fluid flow
distribution that can provide adequate ventilation. Further
city magnitude for a draped canopy hood (ventilation rate: 760 L∙min�1) [8]. A/I: air
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development of VIP hoods would benefit from in-depth optimiza-
tion of design elements such as shape and the configuration of
air inlets and outlets, in order to minimize the ventilation required
to achieve acceptable dilution rates. It will also be important to
assess the effect of introducing VIP hoods on the efficiency of the
dilution ventilation in existing facilities. Aspects such as the poten-
tial for the creation of stagnant zones in rooms and the effect of
outlet exhaust fans and inlet flows must be considered.

2.4. Patient comfort

The design of VIP hoods should address several factors relating
to the comfort and wellbeing of patients:

� Temperature: Due to the higher airflow within a hood,
compared with the airflow experienced by a patient in a
conventional hospital room, the potential for a cooling effect
from this flow should be addressed. The flow across the
patient will need to be limited to an acceptable velocity,
which may depend on local conditions (room temperature,
humidity, etc.) [33].

� Noise: The use of fans and the movement of air through ports
and ducting will inevitably create noise. For patient wellbeing,
equipment selection and hood design should aim to minimize
the noise level inside the hood [34].

� Communication: Hood design should ensure that verbal and
visual communication are possible between the patient and
HCWs and visitors. This must be considered during the mate-
rial of construction (MOC) selection for canopies.

� Accessibility and space: The design of hoods should consider
the nature of deployment and, if required, enable patients to
enter and exit the hood unassisted. Similarly, in some scenar-
ios, it may be important for patients to be able to sit up and
possibly eat unassisted.

It is important to note that patient conditions such as dementia,
delirium, or claustrophobia may preclude the use of VIP hoods with
some patients. Patients will wish to exit VIP hoods to mobilize, for
toileting, or just for a ‘‘break” from the enclosure. Similarly, the
suitability of these devices for use with children may need to be
considered.

2.5. Usability for HCWs

The use of VIP hoods will inevitably change the ways in which
HCWs operate facilities and interact with patients. The design of
hoods and associated protocols should aim to minimize any addi-
tional burden on HCWs and ensure that important elements of
patient care are not compromised. The development of these
devices and associated protocols and procedures will benefit from
close consultation between engineers and clinicians, nursing staff,
and other hospital staff. The optimization of the design and use of
VIP hoods will likely be an iterative process, with developments
being informed by practical experience. The following key aspects
of VIP hood design require further study:

� Patient accessibility. A major challenge to VIP hood use is the
ability of HCWs to access patients. HCWs’ ability to perform
simple yet integral tasks, such as measuring a patient’s vital
signs or feeding a patient, are important considerations when
entertaining the use of VIP hoods. The simple introduction of
ports or holes in hoods could allow some tasks to be per-
formed without opening the hood, thereby further reducing
risks to HCWs.

� Patient visibility. The importance of being able to see patients
is inherent to nursing care [35], and the use of VIP hoods will
pose challenges from this perspective. This will have implica-
tions for the design of hoods, their placement within facilities,
and the subsequent routine procedures adopted by HCWs.
131
� Decontamination and maintenance. The design of VIP hoods
and associated protocols must ensure that decontamination,
cleaning, and maintenance procedures can be conducted in a
safe manner. The successful development of these devices will
require guidance from infection-control specialists, which will
include consideration of the suitability of different materials
for the enclosure, including the potential use of antiviral
materials.

2.6. Sustainability considerations

VIP hoods pose both opportunities and challenges from a sus-
tainability perspective. The potential to reduce the reliance on
negative-pressure and isolation rooms may reduce the energy
use of health facilities, particularly that of air-handling systems.
However, the use of hoods will introduce new sustainability chal-
lenges, especially for the consumption of single-use materials.
Thus, the design of hoods and associated protocols should incorpo-
rate sustainability concepts and aim to avoid the need for single-
use materials.

3. Conclusions

VIP hoods offer a means of reducing HAIs by separating the air-
borne emissions of patients from the air breathed by HCWs. Fur-
ther development of these devices should focus on improved
hood geometries, ventilation systems, and the incorporation of
sensors and alarms. The development of appropriate protocols
for their use is also required.

Early reports have demonstrated that VIP hoods can provide a
level of protection to HCWs from typical patient-emitted aerosols
that is at least equivalent to that provided by N95 masks. The level
of protection will largely depend on the nature of the infectious
airborne material associated with the disease being treated. Conse-
quently, the rational design of VIP hoods will benefit from an
improved understanding of the nature of the emissions of poten-
tially pathogenic bioaerosols and their role in airborne
transmission.

The broader concept of individual patient hoods has the poten-
tial to be expanded beyond ventilation and, by the reversal of flow,
to the provision of clean conditions for individual patients and per-
sonalized control over other environmental factors, such as tem-
perature and humidity.

Compliance with ethics guidelines

A patent has been filed for a personal ventilation hood by the
University of Melbourne/Western Health. Two authors (F. McGain
and J. Monty) were the leads in this patent application. All other
authors declare that they have no conflict of interest or financial
conflicts to disclose.
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