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Introduction: Aeromedical transport of patients with highly—infectious diseases, particu-
larly over long distances with extended transport times, is a logistical, medical and organiza-
tional challenge. Following the 2014-2016 Ebola Crisis, sophisticated transport solutions
have been developed, mostly utilizing large civilian and military airframes and the patient
treated in a large isolation chamber. In the present COVID—19 pandemic, however, many
services offer aeromedical transport of patients with highly—infectious diseases in much
smaller portable medical isolation units (PMIU), with the medical team on the outside,
delivering care through portholes.

Methods: We conducted a retrospective review of all transports of patients with proven or
suspected COVID—19 disease, transported by Jetcall, Idstein, Germany, between April 1 and
August 1, 2020, using a PMIU (EpiShuttle, EpiGuard AS, Oslo, Norway). Demographics and
medical data were analyzed using the services’ standardized transport protocols. Transport
—associated challenges and optimization strategies were identified by interviewing and
debriefing all transport teams after each transport.

Results: Thirteen patients with COVID—19 have been transported in a PMIU over
distances up to 7,400 kilometers (km), with flight times ranging from 02:15 hours to
11:10 hours. We identified the main limitations of PMIU transports as limited access to the
patient and reduced manual dexterity when delivering care through the porthole gloves and
disconnection of lines and tubes during loading and unloading procedures. Technical
solutions such as bluetooth—enabled stethoscopes, cordless ultrasound scanners and com-
munication devices, meticulous preparation of the PMIU and the patient following stan-
dardized protocols and scenario—based training of crew members can reduce some of the
risks.

Discussion: Transporting a patient with COVID—19 or any other highly infectious disease
in a PMIU is a feasible option even over long distances, but adding a significant layer of
additional risk, thus requiring a careful and individualized risk—benefit analysis for each
patient prior to transport.

Keywords: highly infectious diseases, COVID—19, transportation, portable medical

isolation unit, aircraft

Introduction
During the present global COVID—19 pandemic, and also during previous Public
Health Emergencies of International Concern like the 2014-2016 West African
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Ebola Crisis, safe transport of patients affected by highly
infectious diseases has become a unique challenge for
which a wide array of solutions has been developed.

Transport of a COVID—19 infected patient in the con-
fined environment of an ambulance, helicopter or aircraft
might be a particularly difficult task, especially over long
distances with prolonged transport times. Experimental
studies in a laboratory—controlled environment demon-
strated that aerosolized SARS—CoV—2 particles (<5 um)
remained suspended in the air for at least 3 hours, viable in
air for at least 1 hour, and on surfaces for up to days.'

In this retrospective study, we report on our experience
using a portable medical isolation unit (PMIU) for long
—distance fixed—wing air ambulance repatriation of 13
patients with COVID—19 and briefly review alternative
options. Risks of a PMIU transport are identified and
mitigation strategies proposed.

Methods

e Retrospective review of all transports of patients with
proven or suspected COVID—19 disease, transported
by Jetcall, Idstein, Germany, a EURAMI (European
Aeromedical Institute) accredited Air Ambulance com-
pany, between April 1 and August 1, 2020; using
a PMIU (EpiShuttle; EpiGuard AS, Oslo, Norway).

e Retrospective analysis of demographics (age, sex),
transport specific data (point of origin, destination, flight
time, number of fuel stops, cabin pressure) and medical
data using the services’ standardized transport protocols.

e Analysis of transport—associated challenges and opti-
mization strategies by interviewing and debriefing all

transport teams after each transport.

Transport System

All patients were transported using a Bombardier Challenger
604 long distance air ambulance aircraft and the EpiShuttle
PMIU (EpiGuard AS, Oslo, Norway). Patients were loaded
head—first into the aircraft and transported with the head
towards the rear of the fuselage to guarantee best access to
the head portholes (see Figure 1). The PMIU was fixed on
a Spectrum Aeromed 20/2200 Stretcher Base Module during
the transport (Spectrum Aeromed, Fargo, ND, USA). Standard
Air Ambulance equipment, including advanced monitoring
(oxygen saturation (Sa0,), heart rate (HR), invasive and non
—invasive blood pressure (BP), temperature), ventilator, suc-
tion pump, infusion pumps and syringe drivers, portable blood
gas analyzer and portable ultrasound, a wide array of intrave-
nous and oral medications was available on board.

Transport Teams

Transport teams consisted of three medical team members
(1 physician and 2 nurses or 2 physicians and 1 nurse) and
two or three pilots (number of pilots depending on dis-
tance and transport times). Physicians and nurses were
critical care experienced and qualified and underwent the-
oretical and practical training on the PMIU according to
the instructions by the manufacturer.

Preparation of the PMIU

The PMIU was leak—tested according to the instructions by the
manufacturer prior to each deployment. During the outbound
sector of the flight towards the takeover point, the PMIU was
prepared with all lines, cables, tubes and cables threaded
through the
a standardized checklist (Box 1). Prior to loading the patient,

wireport, blocked and secured, using

Figure | EpiShuttle PMIU in a Bombardier Challenger 604 Air Ambulance Jet. Panel (A) Loading/Unloading of the EpiShuttle PMIU. Panel (B) The EpiShuttle PMIU in the
Cabin of the Challenger 604. Panel (C) Equipment “Rack” at the Head End of the EpiShuttle PMIU and “Saddle” to prevent disconnection of lines, ventilation tubes and

monitoring during loading and unloading.
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Box | Checklist PMIU Preparation Prior to Patient Loading

Box 2 Checklist PMIU Patient Preparation

The Following Equipment is Stored Inside the PMIU

® Max. weight | 10 kg, max. width (at hips) 50 cm, height 140-195 cm

® Ventilation bag and oropharyngeal airway.

® Pillow and blanket.

® Water bottle.

® Suction catheters, suction tube (tubing threaded through the wire-
port to the outside of the PMIU, closed with a clamp outside the
PMIU while not in use).

® Oxygen Mask with tubing (tubing threaded through the wireport to
the outside of the PMIU, closed with a clamp outside the PMIU

while not in use).

® Written informed consent re transport risks in a PMIU and possible
need for sedation.

® At least two peripheral iv cannulas (well secured and patent), or

one multi—lumen CVC.

® Arterial cannula in all patients with circulatory instability (well

secured and patent).

® |n intubated patients: documented endotracheal tube position and

thorough fixation of the tube.

® Bladder catheter in all flights longer than 3 hours.

® All monitoring cables (ECG, NIBP, SaO,, Temp, etCO,; threaded
through the wireport to the outside of the PMIU).

® Bowel prep with laxatives on the day prior to transport, diapers
and nil by mouth on the day of transport.

® At least three infusion lines, filled with normal saline, with a 3—way
stopcock at each end, threaded through the wireport to the outside of
the PMIU.

® |f patient ventilated, preparation of the ventilator sleeve ventilator
hose and fixation of the HEPA filter that connects the ventilation
hose on the clean side and the ET tube, mask or other patient
respiratory device inside the PMIU.

® |f patient ventilated, cuff pressure monitoring line (tubing threaded
through the wireport to the outside of the PMIU, closed with

a clamp outside the PMIU while not in use).

a “‘contaminated” and a “clean” side of the PMIU were defined
and the contaminated side covered with a large, adhesive single
use blanket. The medical crew in full personal protective
equipment (PPE) loaded the patient from this side and after
securing all lines, tubes and monitoring cables, the blanket was
removed and discarded. The PMIU was closed and the outside
thoroughly disinfected, the medical crew then discarded their
PPE. After unloading the patient at the destination (process
reverse to the above), the PMIU was again closed, the outside
thoroughly disinfected, and transported to the Operations Base
to be cleaned, disinfected and prepared for the next transport by
trained personnel according to the instructions supplied by the
manufacturer. The aircraft was disinfected after each transport

with peroxide swipes and nebulizer.?

Preparation of the Patient

Optimal preparation of the patient prior to loading into and
closing of the PMIU was communicated with the treating
hospital/via the assistance company following a standardized

® No rings, jewelry and watches.

checklist on the day before the transport (Box 2). All personal
belongings and luggage of the patient, as well as the medical
report were placed in large plastic bags and sealed prior to
transport.

Institutional Review Board

The project plan was presented to the Ethics Review
Board of the German (Hessen) Chamber of Physicians in
Frankfurt/Germany, who granted an exemption of formal
Ethics Board Review and a waiver of patient informed
consent due to the retrospective nature of the analysis
without any interventions imposed on the patient by the
analysis. The principles of the Declaration of Helsinki and
data confidentiality were followed throughout the conduct
of this retrospective analysis.

Results
A total of 13 patients have been scheduled for aeromedical
transport with one of those not being released from the
hospital after arrival of the air ambulance at the pick—up
point, resulting in an aborted mission. This patient subse-
quently died in the referring hospital. All 12 patients who
boarded the aircraft survived the transport, with major
adverse events (AEs) occurring in one patient (inadvertent
inward movement of the endotracheal tube despite fixation
of the tube with a Thomas Tube Holder, with subsequent
one—sided intubation, and

hypercapnia respiratory

acidosis).
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Median flight time was 08:00 hours (range 02:15—
11:00 hours), with a median distance of 5,110 km covered
(range 1563 km to 7412 km). Table 1 depicts patient and
transport characteristics of all transports, including the
aborted mission. No crewmember (medical crew or flight
crew) developed signs and symptoms of COVID—19 dis-
ease within 14 days after each transport.

Debriefing sessions revealed a couple of challenges for
which subsequently mitigation strategies have been devel-
oped; these are listed in Table 2. Checklists for preparing
the PMIU and a checklist for preparing the patient for
transport in the PMIU have been created in this process,
see Boxes 1 and 2.

Discussion

Movement of patients with highly infectious diseases
between hospitals is a technical, logistical and medical
challenge with significant risks for the safety of the patient,
the crew, and the public. The safety of such transports,
specifically during the present COVID—19 pandemic, is an
area of growing interest and concern and has prompted calls
for standardized guidelines in the past.>* In response to
previous Public Health Emergencies of International
Concern, mostly hemorrhagic fevers such as Ebola and
Lassa, a multitude of transport solutions have been devel-
oped, many of those with the military or government/public
health agencies involved.” '

Aeromedical transport solutions for highly infectious
patients are available as open and closed systems. In open
systems, the medical crew is entering a negative pressure
isolation unit (container) via an air lock wearing full PPE,
sometimes including a positive pressure suit, while inside
the unit. Such concepts have been developed for the use in
road ambulances and aircraft.'>'? The large volume of the
unit requires unique engineering solutions for the use in
pressurized aircraft — such as large equalizing tanks to
store the explosively expanding air in the case of rapid
cabin decompression. The size and weight of open systems
are prohibitive for the use in rotary wing aircraft and
require large civilian or military fixed wing aircraft as
transport platforms.'*'

In closed systems, the patient is isolated in a smaller
negative pressure isolation chamber, with the medical crew
outside that chamber. Patients can be treated/manipulated
with gloves that are fixed to several portholes in the wall of
the isolation chamber. Lines for infusions and cables for
monitoring, as well as ventilation and oxygen tubes are
threaded through specifically designed ports. A small air

lock with a disinfection port allows the movement of small
equipment in and out of the chamber. Several soft—shell (eg.
IsoArk, BethEl Group, Zikhron Yaaqov, Israel; Portable
Isolator (1Z0.04), LAMSYSTEMS CC, Miass, Russia;
CAPSULS™, ISOVAC Products LLC, Romeoville, IL
USA; Portable Isolation Bed CIB—2000S, NK Systems,
Osaka, Japan; Adult Pic — Portable Isolation Chamber,
Securotec, Tarare, France) and hard—shell chambers
(EpiShuttle, EpiGuard AS, Oslo, Portable
Isolation Chamber, ATA Medical, Orvault, France) are avail-
able today. The hard—shell PMIU used in the case series
reported here has been tested and approved for the use in

Norway;

fixed— and rotary—wing air ambulances, including testing for
integrity during rapid decompression and flotation in case of
emergency landings on water, while some soft—shell PMIUs
have been reported to leak internal air in the event of a rapid
decompression, which prompted individual design solutions
such as air bags for air volume expansion.”'’

One may speculate that open systems allow easier
access to the patient and thus enable safer care for criti-
cally ill patients, however, prohibitive high costs of open
systems due to the need of a larger airframe compared to
a PMIU may be a limiting factor, specifically in large scale
global pandemics such as the current COVID—19 situation.
In our experience, the majority of transfers of moderately
to severely ill patients in the present COVID—19 pandemic
are carried out by private air ambulance providers, rather
than military and government bodies, with the focus shift-
ing from open transport systems towards more cost—effec-
tive closed PMIU based solutions for the majority of these
916719 transport of COVID-19
patients in a container—based open system that is loaded

transports. However,
in a Boeing 747 and capable of transporting multiple
patients in a single mission has also been described
recently.”’ On the other end of the spectrum, Cornelius
et al*” described a mass evacuation of COVID—-19 patients
who were asymptomatic or showed only mild symptoms in
the regular cabin of chartered airliners with the crew
wearing PPE.>' This highlights the need for careful con-
sideration of the patient’s individual condition, number of
patients to be transported, transport distance and available
options to find the safest and most cost—effective option.
While the older CDC’s Guidance for Air Medical
Transport of Severe Acute Respiratory Syndrome
Patients and the Guidance on Air Medical Transport for
Middle East Respiratory Syndrome Patients as well as the
regional guidelines such as the AirMed guideline pub-
lished on the Association of Air Medical Services
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Note: *Patient not released from hospital, mission aborted.

Abbreviations: km, kilometer; HH, hours (two digits); MM, minutes (two digits); n.a, not applicable; y, yes; n, no; M, male; F, female; PCR, polymerase chain reaction; FiO,, fraction of inspired oxygen.

(AAMS) website and others might offer some advice,
there is currently no specific guideline on the use of (or
the need to use) a PMIU for a COVID—19 infected air
ambulance patient. Regardless of the transport system
employed (aeromedical or ground ambulance based),
transportation in a PMIU is costly. PMIUs are available
from approximately 4,500.— USD onwards for a very sim-
ple soft—shell model to more than 40,000.— USD for an
advanced hard—shell PMIU. In addition to the purchase,
consumables such as air filters and seals, as well as com-
plicated disinfection procedures further contribute to high
operating costs. As a result, such systems might not be
available for the majority of COVID—19 patients in the
developing world, highlighting the need to better under-
stand the risk of transporting — and attending to —
a COVID—19—infected patient in a resource—limited
environment.”

Indeed, there are several risks in transporting
a moderately to severely ill patient in a PMIU. Not sur-
prisingly, we identified the main challenges around limited
access to the patient and reduced manual dexterity when
delivering care through the porthole gloves. In our case
series, we experienced a serious adverse event of endo
—tracheal (ET) tube mal—positioning in one ventilated
patient. While the medical crew noted the hypercapnia
and respiratory acidosis and discussed a one—sided intuba-
tion as the root cause, the inability to auscultate the patient
made an at—risk manipulation of the ET tube a highly
unsafe procedure. While some authors report that emer-
gency airway management, including cricothyrotomy, is
achievable inside a closed PMIU at least in simulations,
we would challenge the ability to handle possible compli-
cations of intubation and cricothyrotomy and strongly
believe that such maneuvers are best to be avoided by
meticulous preparation of the patient before closing the
unit.?® In the follow—up we developed technical solutions
such as Bluetooth—equipped electronic stethoscopes and
cordless ultrasound scanners, which can overcome some
but not all of these problems. Disconnection of ventilation
circuits, intravenous and arterial lines and monitoring
cables due to un—synchronized movement of the very
heavy PMIU (approx. 80 kg plus patient body weight)
and ventilator, infusion pumps, and monitor are other
hazards, particularly during loading and un—loading of
the patient in and off the aircraft. We developed a “rack
and saddle” solution (Figure 1), that, at least on our limited
experience, effectively prevented disconnection in this cri-
tical phase of the transport. Positioning of a patient in
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Table 2 Main Challenges Identified During PMIU Transports and Mitigation Strategies

Problem/Risk Identified

Mitigation Strategy

Lengthy preparation of the PMIU prior to loading the patient.

Development of a dedicated checklist (Box I), Preparation of the PMIU
with all lines, tubes and cables on the outward sector of the mission

prior to arrival at the takeover point.

Complex preparation of the patient prior to closing and disinfecting the
PMIU.

Development of a dedicated Checklist (Box 2). Call with the referring
hospital to ensure patient is adequately prepared, with sending the

respective checklist by fax/email, if possible.

Heavy weight and high center of gravity of the PMIU while loading and

unloading.

All transports conducted with three MedCrew and two or three

FlightCrew to ensure sufficient personnel is available to load and unload
the PMIU. Note that ground ambulance crews transporting the patient
to the airport in PPE without the use of a PMIU have to be considered

“contaminated” and cannot assist in loading.

Risk of line and tube dislodgement as a result of de—synchronized
movement of ventilator, infusion pumps, monitor and the PMIU while

loading and unloading.

Development of a rack to fix vital equipment as ventilator, syringe
drivers and monitor the head end of the PMIU during loading and

unloading (see Figure I).

Limited visibility, environmental heat and noise while in full PPE during

Airport Tarmac takeover and handover.

Takeover and handover of critically ill patients in the hospital (bed—to
—bed transport in the PMIU), if permission for the MedCrew to leave

the airport and enter the country can be obtained.

Reduced manual dexterity when delivering care through the porthole

gloves.

Meticulous preparation of the patient prior to closing and disinfecting

the PMIU (refer to Checklist Patient Preparation, Box 2).

Inability to auscultate to diagnose ET tube displacement and

pneumothorax.

Use of Bluetooth microphones to transfer breath sounds, such as
Stemoscope (Hulu Devices, San Diego, CA, USA) and Bluetooth
enabled electronic stethoscopes such as the Littmann Electronic
Stethoscope 3200 (3M™ Littmann®, St. Paul, MN, USA).

Use of cordless ultrasound scanners inside the PMIU for lung and other
ultrasound investigations (eg, Clarius C3 HD, Clarius, Burnaby BC,
Canada).

Suction unit without HEPA filter for exhaust air.

Fixing a HEPA filter to the suction unit air exhaust, change of that filter
after each transport.

Unintentional pull on monitor cables and infusion lines can move
contaminated cable/tubing sections from inside the PMIU to outside of
the PMIU.

All monitor cables, infusion lines, suction and oxygen tubing are secured
with zip ties and/or tape inside the PMIU prior to closing and
disinfecting the PMIU. All lines are clearly labeled inside and outside of
the PMIU.

Very limited verbal communication with the patient inside the PMIU due

to environmental noise in—flight.

IPad (sealed in a pouch) to enable written communication with the
MedCrew via the on—board WIFI hotspot. Alternatively pen and paper
fixed with a line and suction cup to the inside of the canopy close to the
patient's head.

Anxiety and claustrophobia of the patient inside the PMIU.

Carefully educating the patient/relatives about the risks, benefits, and
alternatives of a PMIU transport with written informed consent prior to
the transport. Sedation with oral lorazepam or alternative oral or

intravenous medications.

a PMIU is limited (with a risk of pressure sores on long
transports) and prone positioning of ventilated patients is
impossible. Finally, spending prolonged periods of time in
the close confinement of a PMIU is unpleasant for the

patient and did require some sedation in almost all
cases — a fact that we integrated in a procedural informed
consent describing the nature, procedures and risks of
transportation in an PMIU that patients/relatives signed
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on the day before the transport. Relatives are not permitted
on board, however, in special circumstances accompany-
ing relatives might be considered when tested negative for
COVID-19 within 48 hours prior to transport.

This case series has some obvious limitations. Most
importantly, we report only on the use of one single type of
PMIU, while several models are available on the market
today. However, the two main risks around challenges deli-
vering care though porthole gloves and preventing discon-
nection of critical equipment while moving the PMIU are
likely independent of manufacturer and type. Also, we can-
not directly compare patient safety in open and closed sys-
tems — although it is reasonable to believe that the much
greater access to the patient in an open system would trans-
late to more procedural ability in managing acute deteriora-
tion of a critically ill patient. A prospective study could have
integrated a more detailed assessment of illness severity prior
to transport and protocolized assessments of physiological
parameters of the patient and also the transport team during
the transport. This should be addressed in future studies.

Whatever system is used, training of crew on delivering
care in the PMIU is essential. The lack of training of medical
personnel in working in full PPE and with various isolation
systems has been identified as an area of concern previously
and requires scenario—based training exercises.”** In 2019,
Gibbs et al*® conducted a comprehensive review of the
literature on High—Level Containment Aeromedical
Transport, mostly in open systems utilizing large military
transport airframes, such a Boeing C—17 or Lockheed C
—130.%° In their excellent paper, the authors perform
a detailed analysis of the published operational aspects and
protocols on highly infectious disease transports published
mainly in the wake of the Ebola outbreak, with a focus on
many important pre— and post—transport aspects that go
beyond the scope of this paper.

In conclusion, transporting a patient with COVID—19 in
a PMIU is a feasible and, compared to open systems, cost
—effective option even over long distances; however, such
transportation adds significant additional risk which could
proportionally increase with the complexity and seriousness
of a patient’s condition and, to some extent, the length of air
—transportation. Meticulous preparation of equipment and
patient using standardized protocols and checklists, the use
of wireless technology to transmit as much physiologic data
from the inside of the PMIU to the outside and training and
simulation sessions with transport teams can mitigate some,
but not all of the transport—specific risks. Therefore, the risk
— benefit balance of transporting a patient versus local care

needs to be carefully considered. The most critically ill
patients, who despite a foreseeable high frequency of inter-
ventions during the transport still need to be moved over
great distances, may be better suited for interhospital trans-
fer in open than in closed transport systems.
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