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ABSTRACT

Since the diagnosis of the first case of COVID-19 in December 2019, there have been reports of several healthcare workers infected with COVID-
19. It has changed the infection control practices of most ICUs all over the world. Prevention is better than cure is definitely proven true as
there is no definite cure for COVID-19 yet. Personal protective equipment and hand hygiene are must while handling any suspected COVID-19
patient. Apart from that, there are several other things, which should be followed in ICU and specifically while caring for patient on ventilator.
There are a large number of interventions done while treating any critically ill patient in ICU, which can generate aerosols and exaggerate
spread of COVID-19, which include high-flow nasal cannula, NIV, nebulization, suctioning, bag and mask ventilation, endotracheal intubation,
and bronchoscopy. We will be reviewing those things beyond PPE and hand hygiene along with the rationale of each of them, which can
help to minimize the risk of exposure to healthcare workers and other patients in the surrounding. It will help not only to prevent COVID-19
transmission but also to reduce overall nosocomial infection rate. As per our knowledge, this will be the first paper reviewing innovative ideas

to minimize the risk of infection in a comprehensive manner.
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INTRODUCTION

Since the diagnosis of the first case of COVID-19 in December 2019,
there have been reports of several healthcare workers infected
with COVID-19. It has changed the infection control practices of
most ICUs all over the world. Prevention is better than cure is
definitely proven true as there is no definite cure for COVID-19
yet. Personal protective equipment and hand hygiene are must
while handling any suspected COVID-19 patient. Apart from that,
there are several other things, which should be followed in ICU
and specifically while caring for patient on ventilator. There are a
large number of interventions done while treating any critically
ill patient in ICU, which can generate aerosols and exaggerate
spread of COVID-19, which include high-flow nasal cannula, NIV,
nebulization, suctioning, bag and mask ventilation, endotracheal
intubation, and bronchoscopy.

In this article, we will not be discussing routine infection
control measures (e.g., proper PPE and mask/respirator usage,
hand hygiene, isolation practices, disinfection of equipment,
environmental cleaning, and spacing of beds) assuming they are
already being followed. We will be reviewing various other minor
but important things, which need to be considered for extra
precautions, which can help to minimize the risk of exposure to
healthcare workers and other patients in the surrounding (Fig. 8).
It will help not only to prevent COVID-19 transmission but also to
reduce overall nosocomial infection rate. As per our knowledge,
this will be the first paper reviewing innovative ideas to minimize
the risk of infection in a comprehensive manner.

1. Maximize air exchanges and negative pressure isolation'

« Either natural ventilation with airflow of at least 160 L/s
per patient or in negative pressure rooms with at least 12
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air changes per hour is recommended during any aerosol-
generating procedures. HEPA filter unit is required for the
recirculation of air. One hundred percent fresh air system
is better but may not be available. Apart from this, the
direction and pattern of airflow are also important, and
it should be from clean to dirty and laminar distribution
pattern. Use area with maximum number of air changes per
hour to manage critically ill COVID-19 patient to minimize
the risk of cross-infections. Most of the doctors may not
be aware about heating, ventilation, and air conditioning
(HVAC) system in their hospital. One should confirm the
number of air changes with their maintenance department
and intimate them to create negative pressure if possible. If
negative pressureisolation is not available, ask maintenance
staff if they can create relatively negative or less positive
pressure by changing flow rates.
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2. Minimize transport and minimize opening and closing of the door*

Whenever opening the door, close the door as soon
as possible. Minimize transport of the patient inter- or
intrahospital. Transport of patient may be required for
several reasons, and it is really challenging to comply with
fullinfection control measures. Proper planning of transport
route and coordination between various departments are
of upmost importance. Detailed discussion on transport
protocol is beyond the scope of this article.

Use high-efficiency bacterial/viral filter on the expiratory
port of ventilator (Fig. 1B).

Mechanical filters are preferred over electrostatic filters.
Avoid using heated humidifier. Theoretically, it decreases
the risk of room contamination during the disconnection
of circuit but increases viral load in circuit. It increases the
risk of blockage of the filter.

Keep in mind higher resistance due to HME filter and
change immediately when blocked or soiled. It should be
changed routinely every 48 hours or as per manufacturer

3. Oxygen recommendation.
+ Use minimum flow of oxygen required. Prefer low-flow 5. High-flow nasal cannula (HFNC)'""'2
oxygen c!ellvery devices over hlgh ﬂf)w wheneverpossﬂole. . HFNC is recommended by surviving sepsis campaign
Use surgical/N95 mask over patient’s face whenever using S o )
) . e guidelines, and it is preferred over NIV whenever available.
nasal cannula or any patient without artificial airway to ; - .
S + Ifusing high-flow nasal cannula, use medical or N95 mask to
minimize aerosol spread. = - .
cover patient’s mouth and nose. Use minimum flow required
4. HME filter> 10 to avoid aerosol spread.
. Size of corona virus is 125 nm.> Due to such small size, filter 6. Noninvasive ventilation (NIV)"

is mandatory when managing any patient with COVID-19

on ventilator.

Five types of devices are available:

o Heat and moisture exchanger (HME) without filter,

0 Mechanical/hydrophobic filter,

o Electrostatic filter,

o Heat and moisture exchanger with mechanical/
hydrophobic filter (HMEF), and

o Heat and moisture exchanger with electrostatic filter
(HMEF).

Out of these five types, HME with electrostatic filter and HME

without electrostatic filter are most commonly available and

used in India.

For bacterial and viral filters, one that filters particles in

size >0.2 to 0.3 um with >95% viral filtration efficiency

(VFE) should be used. VFE of 99.99% means that only one

particle in 104 will pass through the filter under standard

test conditions and usually at flow rate of 30 L/min, so the

higher the flow rate, the lower the efficiency.

Mechanical filter has more dead space and requires

minimum 150 ml of tidal volume, but it is more efficient and

less affected by water vapor.

Use heat and moisture exchanger and high-efficiency

bacterial/viral filter (HMEF) between catheter mount

connected to facemask (when using NIV or doing bag and

mask ventilation) or endotracheal or tracheostomy tube

and Y-piece of ventilator circuit or Ambu bag/self-inflating

bag (Fig. 1A).

Fig. 1: (A) HME filter between catheter mount and Y-piece. (B) HME
(without filter) at expiratory limb of ventilator circuit (right)

Use full facemask over nasal or oronasal mask to minimize
aerosol spread.

Use mask with bronchoscopy port when doing
bronchoscopy. Ideally, bronchoscopy should be avoided
as it creates aerosol spread (Fig. 2).

Mask should have tight seal and minimum leak.

Mask should be nonvented. Vented masks should be
avoided.

Fig. 2: NIV mask for bronchoscopy (upper arrow for oral route and lower
arrow for nasal route)
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+ Avoid using single-limb circuit over dual-limb circuit. If using
portable CPAP machine and need to single-limb circuit, use
exhalation valve in circuit and keep HME filter between
facemask and exhalation valve in circuit.

- Use minimum effective pressure (pressure support/
inspiratory pressure and PEEP).

7. Precautions for intubation'*"®

« Early versus late intubation is controversial as per available
data till now. Decision to intubate should be individualized.

- It must be done by expert. Keep minimum staff in room.
Totally, three individuals are required, which include one
expert for intubation, one assistant, and one staff to give
drugs.

- Rapid sequence intubation should be done.

«  Keep low threshold for intubation to avoid crash intubation
and minimize aerosol spread with HFNC/NIV.

- Avoid bag and mask ventilation.

« Preoxygenation for 3 to 5 min.

« Mask ventilation through close circuit through ventilator
rather than bag and mask ventilation if necessary.

- Use HME filter as discussed earlier whenever doing bag and
mask ventilation or mask ventilation using ventilator.

- Supraglottic airway is preferred over facemask ventilation.

« Ensure complete neuromuscular blockage before
attempting intubation and even before mask ventilation.

+ Clamping ET tube/attach HME filter while intubation.

- Use video laryngoscope for intubation if available.

.« Using plastic drapes or aerosol box during intubation.””
Role of aerosol box during intubation is controversial and
not routinely recommended.

- Inflate cuff with airimmediately after intubation to keep cuff
pressure 25 to 30 mm Hg and make sure there is no leak.

- Monitor cuff pressure every 6 to 8 hours and minimize leak.

- Higherrisk of leak with peak inspiratory pressure higher than
cuff pressure. Increase cuff pressure before performing any
recruitment maneuver.

L

[ -

Fig. 3: Aerosol box for intubation and extubation

Start mechanical ventilation only after inflating cuff to avoid
leak and aerosolization.

8. Prepare for extubation

Aerosol box and plastic drapes are also helpful and easier
to use during extubation and then intubation'® (Fig. 3).
Use of mild sedation (dexmedetomidine/fentanyl,
etc.), intracuff lidocaine to avoid coughing during
extubation'>°,

Start nasal oxygen/high-flow nasal cannula after extubation.
Immediately apply surgical/N95 mask to face after
extubation.

9. Precautions while disconnecting ventilator

Minimize disconnection to avoid derecruitment and

exposure of virus to environment. If disconnection is

necessary (e.g., while shifting patient and emptying water
in circuit), follow below-mentioned steps:

o Preoxygenation with 100% oxygen for 2 to 3 min,

o Keep ventilator on standby,

o Clamp ET tube (if intubated),

o Disconnect (with direction of both disconnected ends
facing down rather than up) circuit with HME still
connected to patient, and

o Reconnect after doing activity for which it was
disconnected and unclamp ET tube if clamped before
reconnecting.

10. Cover equipment with transparent sheet®

.

Covering ventilator with transparent plastic drape. Cover
any other equipment (multipara monitor, X-ray, echo, USG
machine, etc.) being used with plastic drape (Fig. 4). Placing
the ventilator and syringe pump outside the room if feasible
(e.g., through a wall port). This allows to do necessary
settings and changes whenever required without exposure
to staff, although no proven benefit.

11. Use disposable accessories®

Use disposable expiratory valve and new flow sensor when
available. (Dragor has disposable expiratory valve available.)
If not, clean and disinfect expiratory valve and flow sensor
as per manufacturer instructions.

If available, use disposable ECG leads, SpO, probes,
temperature probes, NIBP cuff, etc. Otherwise, clean and
disinfect as per manufacturer recommendation before
reuse.

Fig. 4: Transparent plastic sheet covering (A) ventilator and (B) monitor
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12. Avoid routine suctioning'®

+ Use of close suction is mandatory to avoid aerosol spread
when available.

« Continuous suctioning can be done during aerosol-
generating procedures like intubation, tracheostomy, and
bronchoscopy as it helps to minimize the risk of nosocomial
transmission.

13. Minimize nebulization'*"

+ Nebulization creates aerosolization, so unnecessary routine
nebulization should be avoided.

- MDI with spacer is preferred if nebulization required.

«  MDI can be used along with close suction device as well,
which has separate port/adapter for MDI (Fig. 5).

« If cannot use MDI and nebulization is essential, use jet
nebulizer or vibrating mesh nebulizer, which should be
inline close circuit nebulization from ventilator.

Fig. 6: Novel T-connector for nebulization with auto shut-off function.
Without nebulizer chamber (left), nebulizer chamber attached to
T-connector (right)

334

« Whenever available, use T-connector with auto shutoff
function (one-way valve) to attach nebulizer chamber and
use HME filter with switch to on or off (bypass) HME filter
to avoid disconnection and keep circuit closed before and
after nebulization (Figs 6 and 7).

Fig. 7: Novel HME design. HME active (left) and HME bypassed during

nebulization (right)

Negative pressure isolation
maximize air exchanges
airflow from flean to dirty

minimize opening and closing
of door minimize transport

minimize physiotherapy

Avoid nebulization
use MDI over bublization
minimize circuit disconnection
protect equipment by covering
with transperent sheet
use disposaabole expiratory
valve and flow sensor
use disposable accessories

Place surgical/N-95 mask over face

use minimum oxygen flow
perfer HFNC over NIV
minimize leak

use minimum pressure with NIV
attach HME filter between
Y-pice and catheter mount

attachm filter at expiratory limb

Extra precautions
while caring for
COVID-19 patient

in ICU

Intubation by expert only
Do RSI

use video larngoscope
avoid bag and mask ventilation

clamp ET/attach HME to ETT while intubation

check cuff pressure g6h and keep 25-30 mmhg

use aerosol box during extubation

avoid routine suction

use close suction

Fig. 8: Overview of extra precautions while caring for COVID-19 patient
in ICU

14. Minimize chest physiotherapy'®'®

+ Most patients with COVID-19 do not require routine
chest physiotherapy. Most interventions in respiratory
physiotherapy are potentially aerosol generating, so it
should be done only when deemed necessary. Italian
association of respiratory physiotherapist and international
experts in cardiorespiratory physiotherapy have come
up with recommendation for physiotherapy in the
management of COVID-19 patients. Each hospital should
make their own policy and protocol as per available
resources and feasibility, and standard preventive measures
must be followed.

- Apartfromthe PPE kit, hand hygiene, and above measures,
there are some in vitro studies of povidone-iodine nasal
solution to mitigate virus transmission. It has been found
to be effective for contact time as short as 15 seconds and
even in 0.5% concentration, but further clinical studies are
needed to establish benefit.?!
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