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Severe forms of coronavirus disease 2019 (COVID-19)
can lead to hypoxemic pneumonia and the need for treatment
with high-flow nasal cannula (HENC) oxygen therapy."!
This treatment decreases the need for subsequent invasive
ventilation in patients with hypoxemic pneumonia. The
oxygen flow in the nasal cannula is driven pneumatically
or using a turbine. Oxygen and air are mixed (giving the
fraction of inspired oxygen [FiO,]) and propelled at up to 80
L-min"". The propelled gases must be heated and humidified.
HFNC system is not intended for use outside a hospital
environment.

The COVID-19 has been spreading quickly, and
almost all countries and regions around the world have
been affected.” In France, the COVID-19 pandemic led
to the saturation of intensive care units, a lack of beds,
and thus the need for patient transfers. Patients on HFNC
with no indication for immediate invasive ventilation
cannot be transferred using conventional oxygen therapy.
However, the use of invasive ventilation for inter-
hospital transfers raises ethical questions. With a view to
avoiding transfers with intubation,”’ the Somme County
Emergency Medical Service (SAMUS0, part of Amiens-
Picardy University Hospital [CHU-AP], Amiens, France)
studied the feasibility of transferring patients on HFNC.

METHODS

Firstly, an intensive care physician and an emergency
physician made a clinical assessment of each candidate
for transfer and determined whether invasive ventilation
was essential or not. The ROX score (the oxygen
saturation to inspired oxygen fraction ratio, divided by
the respiratory rate) was used to assess transferability on
HFNC."

The SAMUSO estimated the transfer duration from
the mean duration of previous patient transfers over

© 2022 World Journal of Emergency Medicine

World J Emerg Med 2022;13(3):219-221
DOI: 10.5847/wjem.j.1920-8642.2022.036

similar routes. The calculation of the quantity of oxygen
required was based on the maximum flow rate with
100% FiO,, multiplied by the estimated travel duration
and with an extra 20% safety margin. The ambulance
loaded two 3 m’ tanks and four 1 m’ tanks. During the
first ward-ambulance transfer, the SAMURSO used the
in-hospital oxygen tanks. HFNC was delivered via a
battery-powered turbine-propelled system (Monnal
T60™ [MT60], Air Liquide Medical Systems, France)
or a pneumatic system (a digital manometer plugged
directly into the oxygen tank upstream of the heater).
In both cases, an MR850 heater (Fisher & Paykel
Healthcare, New Zealand) was placed upstream of a
disposable patient circuit. The heater was unplugged
during the transfers to and from the ambulance. The
MT60’s batteries were fully charged, and the ventilator
ran on battery power throughout the transfer. Two
moisture exchangers were placed between the disposable
patient circuit and the respirator. The patient wore
an FFP1 mask over the nasal cannula, and all the
members of the SAMURSO0 team wore personal protection
equipment (an FFP2 mask, hairnet, eye shield, and
disposable coveralls).

The HFNC transfer was considered to have been
successful if the patient did not require intubation and
did not die in the two days following the transfer. In
line with the French legislation on retrospective studies
of clinical practice, the study protocol was approved
by a local committee with competency for research
not requiring approval by an institutional review board
(Amiens, France; reference: P12021_843 0173).

RESULTS
The first patient (Table 1) was a 57-year-old man

with multiple comorbidities (chronic pancreatitis,
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and quadriparesis following spinal trauma). Thirteen
days after the onset of COVID-19 symptoms, he was
transferred from CHU-AP to a nearby private-sector
clinic (4 km away), using a pneumatic air-propelled
HFNC. The ROX score was 4.54 and the attending
physicians chose to initiate the HFNC transfer. No
complications occurred during the transfer, and
approximately 1,000 L of oxygen was used. There was
no indication for intubation but the patient died 11 days
after the transfer.

The second patient was a 37-year-old man with B
cell lymphoma in remission. Eight days after the onset
of COVID-19 symptoms, he was transferred from Saint-
Quentin General Hospital to CHU-AP (76 km away)
using a turbine-propelled HFNC system. Even though the
ROX score was 2.71, the attending physicians decided to
transfer the patient on HFNC, with the patient’s consent.
No complications occurred during the transfer, and
approximately 3,200 L of oxygen was used. The patient
did not require intubation and was alive 7 days after the
transfer.

The third patient was a 68-year-old woman with chronic
obstructive pulmonary disease. Ten days after the onset of
COVID-19 symptoms, she was transferred from CHU-AP
to Lille University Medical Center (114 km away) using
turbine-propelled HFNC. The ROX score was 3.68, and
the physicians decided to transfer the patient using HFNC.
No complications occurred during the transfer. The transfer
consumed approximately 5,200 L of oxygen.

The first problem encountered was how to monitor
the amount of oxygen remaining. With a flow rate of
80 L-min"', the digital manometers are not calibrated to
calculate the remaining amount. The MT60 monitors
the Fi0O, delivered to the patient and sounds an alert
when the oxygen tank is empty. The pneumatic air-
propelled HFNC system also sounds an alert when
the tank is empty. The second problem was related to
changing the oxygen tank, which led to a short period
of desaturation for two patients, although there were
no clinical complications. The third problem was the
absence of a heater during the ambulance-ward transfer.

Table 1. The patients’ characteristics

The heater does not have a battery and requires mains
electricity. With maximum flow, the heater falls from
a temperature of 37° to room temperature within a few
minutes of disconnection. To counter this problem,
the setpoint temperature was set to the highest value
before disconnection, the ambulance-ward transfer
was as short as possible, the heater was covered with a
survival blanket, and the heater was the first equipment
to be plugged in on arrival. No immediate clinical
complications were observed during these ambulance-
ward transfers.

DISCUSSION

The transfer of patients on HFNC was feasible, and
no immediate clinically observable complications arose.
The SAMUS8O had to plan the transfer carefully: the
status of the transferred patient, the oxygen requirement
for the journey, the shortest ambulance-ward transfer
route, etc. The patient’s transferability must be evaluated
by an experienced physician. Based on the results of our
pilot study, we have drafted a checklist (Figure 1) for
HFNC transfers.

With regard to safety, there is no consensus on
risk of droplet dispersion by patients with COVID-19.
Li et al® compared droplet dispersion with a simple
mask and HFNC at similar distances (11 cm and 17 cm,
respectively) and concluded that the use of HFNC did
not increase the risk of microbiological contamination.
Leonard et al' suggested that the risk of dispersion
could be reduced by placing an FFP1 mask on the
patient. Morin et al”! and Carteaux et al"”’ suggested
using the Boussignac continuous positive air pressure
system (equipped with a moisture exchanger to prevent
dispersion) and demonstrated that the device was safe.

These complex transfers can avoid the need to
(1) initiate invasive ventilation that is not otherwise
indicated; and (2) provide the patient with an intensive
care bed. The absence of invasive ventilation avoids the
complications of mechanical ventilation.

Time from Transfer HENCO ROX

Oxygen

Patients Age . Clinical variables . Outcome
symptom onset _distance parameters _score consumption

1 57 years 13d 4 km 60 L/minute  4.54 SpO, 94% About 1,000 L Died on post-transfer day 11 (do-not-
90% RR 23 breaths/min resuscitate order issued prior to transfer)

2 37years 8d 76 km 60 L/minute  2.71 Sp0O, 95% About 3,200 L Continuation of HFNCO
100% RR 35 breaths/min

3 68 years 10d 114 km 70 L/minute  3.68 Sp0O, 92% About 5,200 L Invasive ventilation on post-transfer
100% RR 25 breaths/min day 3

SpO,: oxygen saturation (%); RR: respiration rate; HFNC: high-flow nasal cannula; FiO,: fraction of inspired oxygen; ROX score: the oxygen

saturation to inspired oxygen fraction ratio, divided by the respiratory rate.

http://wjem.com.cn



World J Emerg Med, Vol 13, No 3, 2022

221

Preparation of the equipment

Monnal T60™ and its power cable

Heater and its power cable

Respirator tubing (in case invasive ventilation is needed)
Filters

Connecting cables

Nasal cannula (3 sizes) and its tubing

Water for injection (heater)

Strap system

Survival blanket

Ooooooooo =

I1. Calculation of the amount of oxygen required

a V(L)= Duration (min) x 1.2 x 1,5, x 80 (L/min)

0 Determine the shortest ambulance-ward transfer distance

g Do not trust the digital manometer, which underestimates the
amount of oxygen remaining

I11. Preparation of the patient

o First, connect the heater to the mains electricity and power it on

o Connect the Monnal T60™ to the mains electricity and power it on if
possible

g Use the unit’s wall oxygen supply

o Start the flow at 60 L-min™ to accelerate the heating

0 When the heater’s temperature reaches its maximum, connect the patient

IV. Departure from the hospital unit

o Switch to a full mobile tank of oxygen

o Place a survival blanket over the heater

o0 Power off the heater just before leaving the unit
O Monitor the FiO, delivered by the Monnal T60™

V. In the ambulance

o Switch to the ambulance’s wall oxygen tank

o Start the engine to get an electricity supply

o0 Remove the survival blanket and power on the heater

o Attach the Monnal T60™ + heater column firmly

O Monitor the FiO, delivered. A fast tank change is required if the
FiO, falls

VI. Departure from the ambulance

0 Check the shortest path to the destination

o Check that the mobile oxygen tank still contains oxygen
o Power off the heater

o Cover the heater with the survival blanket

o Switch to the mobile oxygen tank

0 Monitor the FiO, delivered by the Monnal T60™

Figure 1. Checklist for transferring a patient receiving high-flow nasal cannula oxygen therapy.

CONCLUSIONS

Our pilot study shows that transferring patients
on HFNC is possible but we only evaluate the short-
term impact. A longer-term, prospective study of the
transfer of a larger number of patients on HFNC is now
warranted.
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