
workers. Indeed, institutions and governments should consider
preventing free marketing of FFR with valves, given that their
indiscriminate use in the community setting can determine an
additional and under tracked risk for the population.
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Aerosol distribution in the cabin and cockpit of an ambulance
helicopter
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Luftrettung gemeinnützige AG, Filderstadt, Germany

To the Editor—Even before the COVID-19 pandemic, when our
study was planned, the question of potential spread of droplets
or airborne particles from the patient in the cabin of an air ambu-
lance helicopter into the cockpit was eminent. Transportation of
patients with aerogenously transmitted diseases in helicopters is
increasingly required, and personal protective equipment cannot
be worn by the pilot to the same degree as the medical crew.
Also, disinfection of aeronautic equipment in the cockpit is
cumbersome.1 Therefore, we developed an experimental model to
simulate aerosol distribution within the helicopter on the ground
and in flight with a worst-case “airborne spread” scenario and a
clinically relevant “short, intermittent droplet spread” scenario.

Material and Methods

The project was approved by the Wissenschaftlicher Arbeitskreis
der DRF Stiftung Luftrettung gemeinnützige AG, WAK-ID
24 (Scientific Review Committee). A Cirrus 2 nebulizer

(Intersurgical GmbH, Siegburger Str. 39, 53757 Sankt Augustin,
Germany) was filled with a fluorescent marker fluid (UV-Tinte
4887, Flockenhaus GmbH KG, Frankfurter Str 536124 Eichenzell–
Fulda, Germany) and positioned at the head of the patient
stretcher, which was positioned at a 30° angle. For the worst-case
scenario, aerosol was produced for 60 seconds with a flow of
8 L per minute every 5 minutes during flight or on the ground
for 30 minutes and for 10 seconds in the short, intermittent
scenario on 5 occasions with EC 135 andH 145 Airbus helicopters
(Industriestrasse 4, 86609 Donauwörth, Germany) with and
without a curtain separating the cockpit from the cabin. In the
ground simulation, a test scenario with open aft doors and wind
(simulated by a fan) directed into the cabin was added. Aerosol
distribution was visualized with ultraviolet light, and the
experiment was videotaped. The surface sedimentation was doc-
umented using serial photographs.

Results

Figure 1 gives an impression of the turbulent, undirected distribu-
tion of the aerosol. The aerosol filled the cabin on the ground and
in flight, independent of helicopter type, ventilation settings, and
flight maneuvers, resulting in sedimentation on all surfaces around
the patient in the worst-case scenario. Without a curtain,
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sedimentation on aeronautic equipment in the cockpit occurred
(Fig. 1b); with a curtain, sedimentation was found on the curtain
but not in the cockpit.

In the short, intermittent scenario, sedimentation was seen in
the cabin and in 1 flight on the curtain but not in the cockpit.
Even with doors open and wind from aft in the ground simulation,
no sedimentation was observed in the cockpit.

Discussion

In the confined space of an air ambulance helicopter, massive aerosol
production, simulating the conditions of a patient with an airborne
transmitted disease, led to direct exposure of the medical crew and
sedimentation of particles on all surfaces in the cabin and, without a
barrier, on aeronautic equipment in the cockpit, too. However, a
simple curtain was sufficient to prevent contamination of the cock-
pit. In a scenario simulating intermittent, short production of drop-
lets (mimicking a clinical situation of coughing or disconnection of a
breathing circuit in a patient with a droplet transmitted disease), the
medical crew was still exposed and sedimentation accumulated
around the patient but not in the cockpit. This result indicates that
the amount of aerosol determines the reach and degree of contami-
nation. Thus, the simplified concept of airborne and droplet precau-
tions is reasonable for clinical decisions to transport a patient by air
ambulance, although more complex scenarios can be used for occu-
pational health risk assessments in general.2 Patients with an illness
requiring airborne precautions should only be transported in air
ambulance helicopters with a physical separation of cockpit and
cabin. The curtain used for night vision goggle (NVG) flights in
an H145 or H135 helicopter in our simulation seems to have been
sufficient to prevent aerosols from entering the cabin. Procedural
instructions for chemo-thermal washing and/or disinfection of cur-
tains or separation walls should be developed.

Our study was limited by the model used for aerosol generation
and by the number and duration of flights. Although we were able

to simulate many real-life conditions on the ground and during
flight, these experimental conditions clearly differ from those in
commercial airplanes.3 In light of recent findings about virus shed-
ding in exhaled breath,4 it seems unlikely that those aerosols would
reach the cockpit just from intermittent coughing or exhalation.
This risk could be further reduced if the patient wears a mask,
which is recommended as part of droplet precautions. Personal
protective equipment is required for the medical crew. Also,
thorough cleaning of all surfaces is necessary in the cabin after
transport because the contamination risk seems to be much higher
in the confined helicopter cabin space compared to a normal
hospital room where contamination is frequently found during
routine care.5
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Fig. 1. (a) The setup to visualize the stream of marked aerosol in the cabin. (b) The sedimentation on aeronautic equipment in the cockpit under worst-case
conditions.

Infection Control & Hospital Epidemiology 371

https://doi.org/10.1017/ice.2020.259 Published online by Cambridge University Press

https://doi.org/10.1038/s41591-020-0843-2
https://doi.org/10.1017/ice.2020.259

