LUXEMBOURG AIR AMBULANCE

The Luxembourg Air Ambulance system includes a foldable ‘airlock’ to connect the isolation unit to the aircraft door during loading and unloading

We have the technology

speaks to Phoenix Air, Luxembourg Air Ambulance,
Medic’Air International and US Transportation Command about their
solutions for transporting infectious patients by air

Up until fairly recently, the received wisdom seemed to be that patients
suffering from highly infectious diseases could only be safely transported using
large-scale isolation units loaded onto heavyweight military transport aircraft.
However, that orthodoxy has been overturned thanks to the work of private
air ambulance operators, most notably US-based Phoenix Air; during the
current outbreak of Ebola virus disease in West Africa.

There are a number of measures that need to be put in place before an
operator can perform this type of mission. There are logistical challenges (not
least overflight permissions and fuelling stop options), and the need to monitor
staff after they return home, for example. For this article, though, let's look at
the kit involved. We spoke to US Transportation Command (USTRANSCOM)
about their recently acquired, modular isolation unit system. Civilian air
ambulance operators Phoenix Air and Luxembourg Air Ambulance are both
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using what could be considered a scaled-down version of this technology
(accompanied, in the case of Phoenix Air, with airframe modifications), and
both receive state funding to create these solutions. We also caught up
with Medic’Air International, which has been using a smaller; more portable
isolation device for some time, including for Ebola flights.

USTRANSCOM

The military has long provided the benchmark for the safe transport of
infectious patients, and in January, USTRANSCOM unveiled the latest
iteration of its equipment, the modular Transport Isolation System

initiative (TIS). The agency is responsible for creating and implementing
worldwide global deployment and distribution solutions in support of the
US Department of Defense. Its primary mission is to facilitate global patient
movement by aeromedical evacuation through its US Air Force component,
Air Mobility Command; USTRANSCOM is the combatant command
sponsor of the TIS, as well as requestor for the urgent funding to develop
it. The Defense Threat Reduction Agency led research and development
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and the Joint Project Manager — Protection led the acquisition of the system,
which is operated by Air Mobility Command. Before development of the
TIS, the US military did not have the capability to transport multiple patients
with highly contagious and infectious diseases.

The TIS has been designed to provide aeromedical evacuation for patients
with known or suspected exposure to a contagious and infectious disease
and to protect airframe, aircrew and support personnel. It provides
worldwide patient transport capability in case of a biological event. The
TIS is a modular, buildable system capable of transporting up to three litter
patients or four ambulatory patients in each module. Each unit has an air
filtration system and a disposable liner supported by a metal structure. The
modular approach allows for flexibility with various patient configurations;
the standard configuration is for two seats and one litter. Each module is
roughly 9.0 ft by 7.5 ft, is 8.5 ft tall (approximately 2m x 3m x 2.5 m) and
weighs less than |,500 pounds (680 kg).

The system was developed in conjunction with a private contractor. It is
based on existing patient support pallets, which are built on standard 463L
cargo pallets carried on military cargo aircraft and is certified for C-17 for
strategic (international) airlift and C- 130 tactical (regional) operations. Two
isolation modules and an anteroom module can fit on a C-17 Globemaster
Il aircraft or C-130] Super Hercules, and one isolation module and

an anteroom module will fit on a C-130 Hercules. Importantly, said
USTRANSCOM, no aircraft modifications are necessary.

Although Ebola is only known to have been transmitted by direct

contact with bodily fluids, many infectious diseases, including other viral
haemorrhagic fevers, can be transmitted by air. Therefore, each TIS unit

is fitted with an air filtration system that removes contaminants from
outflowing air. By sucking air out through the filters, a negative pressure is
created within the unit, so that while fresh air may leak in, contaminated
air will not leak out. An alarm sounds if negative pressure is lost. These
measures mean that the medical (and flight) crew do not need to wear
personal protective equipment while outside the unit.

A typical USTRANSCOM mission will have three flight nurses, four
aeromedical evacuation technicians, one critical care physician, one critical
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The inside of a USTRANSCOM Transport Isolation Systemin a hanger at Joint Base Charleston, South Carolina,

before it is loaded onto a C-17 Globemaster Il in January 2015
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Aeromedical Evacuation airmen from throughout Air Mobility Command participate in
an exercise to set up a Transport Isolation System onboard a C-17 Globemaster lll on 14
January at Joint Base Charleston, South Carolina

care nurse, one respiratory therapist and one infectious disease physician.
During flight, the aeromedical evacuation crew can observe patients from
the exterior of the unit through the clear liner. To provide care, they don
personal protective equipment (PPE) and enter the system through an
anteroom. Medical monitors can be located outside, with leads passing ports
with protective sleeves.

After a mission, the main support structure and elements can be reused
following decontamination. However, the liner and other single-use items
are decontaminated then disposed of according to established hazardous
material disposal procedures.

Phoenix Air

Dr Michael Flueckiger describes how the Phoenix Air mechanics first
prototyped a transport isolator using a flexible lining attached to poles as
used in camping tents, but these were found

to be too flexible. The Aeromedical Biological
Containment System (ABCS) now in use, which
even has its own Wikipedia page, boasts a rigid
aluminium exoskeleton tailored to fit onboard the
company'’s Gulfstream Il planes. A transparent
plastic liner is attached to the frame with simple
cloth ties. The ABCS can accommodate one
patient at a time and includes a small, camp-style
toilet. The ABCS was specifically designed and
built by Phoenix Air, who incidentally worked
with the same contractor as USTRANSCOM,

all in collaboration with the US Department of
Defense and the Centers for Disease Control
and Prevention.

The Gllls already had oversized cargo doors, a
modification made when they were owned by
the Danish military. However, further adaptations
have been made to two of the firm’s fleet,
particularly for managing the airflow. As with

the USTRANSCOM design, air is filtered as it

is pumped out of the isolation unit, in this case
being piped through an exit port retrofitted into
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A Phoenix Air ABCS pictured onboard a Gulfstream llI

an aircraft door, rather than have it recirculate in the cabin. This has worked
perfectly so far, said Flueckiger, but in case the negative pressure protection

failed, the air inlet at the front (crew-facing) side of the tent is also fitted with
a filter to prevent airborne contamination of the main cabin. As a further

Aview inside a Luxembourg Air Ambulance LearJet 45XR
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protection for the crew, Phoenix Air's mechanics have reversed the airflow
in the whole aircraft, so that now it flows fore to aft (instead of aft to fore as
it comes from the factory); the pilots and medical crew are in effect located
‘upwind’ of the patient.

During loading and unloading, the patient wears PPE, and the entire main
cabin is draped with plastic to prevent contamination. Personnel can don
PPE and enter the tent at any time during a flight to work directly with the
patient. On exit, they doff the PPE in an antechamber.

All non-disposable equipment (monitors, pumps, ventilators, suction, etc.)
is mounted externally on the metal exoskeleton, with wires and tubing
threaded into the ABCS through two long sleeves that are sealed off when
the cables are threaded through. For communication, the patient has a
walkie talkie so they can call the medical crew.

At the end of the flight, the monitor cables are cut and pulled into the ABCS
so they can be incinerated with the tent and its contents (including the
toilet, mattress and linens). Only the metal stretcher is decontaminated and
reused. A private company meets the plane on return and decontaminates
the cabin using high pressure hydrogen peroxide and a quaternary
ammonium compound, which takes a total of around 24 hours.

Luxembourg Air Ambulance

This February, Luxembourg’s Interior Ministry and Luxembourg Air
Ambulance issued a joint statement that the civilian fixed-wing air
ambulance service had completed its work to develop the capacity to
transport highly infectious patients. Two of the company’s Learjet 45XRs
were converted to accept patient isolation units in a project funded by the
European Commission as part of the European Union Civil Protection
Mechanism. The conversion involved internal configuration changes, with

MEDIC'AIR INTERNATIONAL

At the end of a mission, all equipment that has been in contact with the
patient is incinerated. Only the external tent frame is reused.

Medic’Air International

French operator Medic'Air International, another civilian fixed-wing

air ambulance provider, has been using a negative-pressure ‘bubble’

to transport infectious patients for the past three years. In early 2015,
Medic’Air transitioned to a new generation Air Transport Isolator (ATI) that
was adapted so as to be easily carried into small propeller aircraft such as

a Cessna Caravan, allowing for landing on short airstrips in the middle of
nowhere. The system used by the company was first acquired off the shelf,
but has since been improved to meet its requirements. The firm previously
used its Falcon 50 for transporting Lassa fever and tuberculosis patients with
a positive-pressure bubble (which does not require an exoskeleton but
provides less protection against air leaks), but for the Ebola epidemic has
been using a Citation S2 with a cargo door. As no modifications are made
to the aircraft, the team can board any aircraft with a large enough door and
sufficient space in the cabin for the bubble. Each ATl is disposed of after use,
along with its contents, including a finger pulse oximeter if used.

The unit is small enough that the patient can enter it on the tarmac before
they are loaded onto the plane — the company’s philosophy is that the
bubble and the team go to the patient, rather than the patient walking into
the aircraft and putting themselves in a protective atmosphere. Once the
patient is sealed inside the bubble, the medical crew can remove their PPE,
and pilots and ground staff can move around without specific precautions. As
with the other systems mentioned, air is filtered as it exits the ATI to protect
cabin occupants.

To assist in the treatment of patients in flight, there are three pairs of ‘gloves’
fitted to the isolation unit wall. Medic’Air does not fly infectious patients
requiring intensive care, but has transferred patients with multi-resistant
bacteria under mechanical ventilation, and for haemorrhagic fevers, patients
have an oxygen cannula and venous line, with the capacity for treatment by
intraosseous or intravenous infusion.

An Ebola patient is unloaded in Oslo after a flight by Medic’Air International

no modifications to the airframes of the planes. During a mission, one plane
will be sent to collect the patient while the second is on stand-by, ready to
take over if the first aircraft suffers a technical fault.

The isolation unit adopted by Luxembourg Air Ambulance is a new,
bespoke design that consists of a PVC enclosure fitted inside the aircraft.
The company worked with AAT to create the unit. Negative air pressure is
maintained in the enclosure, with air being pumped out through two filters.
The unit fits a single patient with enough room to allow them to sit up.

For loading and disembarking, the medical crew and the patient wear PPE.
For certain highly infectious cases, the patient can be placed in a stretcher-
borne isolation pod instead, and a pilot will wear PPE and help with the
loading. A foldable airlock is deployed between the tent and the exterior
of the aircraft, making a tunnel that the patient can go through or be slid
though, depending on whether he/she can walk, and preventing any direct
contact between the patient and the aircraft. During flight, the airlock is
folded inwards and the unit is sealed.

Before the patient boards, the tent is prepared with any necessary
equipment depending on the patient’s condition and possible evolution
during the flight, such as drugs, food and drinks, and a disposable toilet

that solidifies any bodily fluids. Once the patient is installed, limited access
is allowed via eight PVC sleeves, with gloves positioned on different parts
of the tent based on the access points needed for patient care. Similarly to
Phoenix, the patient can be monitored via cables that go through sealed
sleeves. It's also possible to have an IV line going through the sleeves. If the
medical crew need to use the sleeves of the enclosure to access the patient,
they wear protective sleeves and additional gloves so they always have a
minimum of two layers of protection between themselves and the patient.

MEDICAIR INTERNATIONAL

Dr Hervé Raffin of Medic’Air International prepares an isolation pod for an Ebola mission
from Freetown to Olso
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