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Some coronavirus disease 2019 (COVID-19) patients develop rapidly progressive acute respiratory distress syn-
drome and require veno-venous extracorporeal membrane oxygenation (V-V ECMO). A previous study recom-
mended the transfer of ECMO patients to ECMO centers. However, because of the pandemic, a limited number
of ECMO centers are available for patient transfer. The safe long-distance interhospital transport of these patients
is a concern. To minimize transportation time, helicopter use is a suitable choice. We report the first case of a
COVID-19 patient on V-V ECMO, transferred to our ECMO center by helicopter.

ggzgg;us A 45-year-old man with rheumatoid arthritis history, treated with immunosuppressants, presented with fever
Mobile ECMO and sore throat. He was diagnosed with COVID-19 following a positive severe acute respiratory syndrome coro-
Primary transport navirus 2 polymerase chain reaction test result and was subsequently prescribed favipiravir. However, his respi-
Favipiravir ratory failure progressively worsened. On day 10 of hospitalization at the previous hospital, he was intubated,
Tocilizumab

and we received a request for ECMO transport on the next day. The ECMO team, who wore personal protective
equipment (N95 respirators, gloves, gowns, and face shields), initiated V-V ECMO in the referring hospital and
safely transported the patient by helicopter. The flight time was 7 min. He was admitted to the intensive care
unit of our hospital and received tocilizumab. He was discharged on hospital day 31 with no significant sequelae.
In this case report, we discuss important factors for the safe and appropriate interhospital transportation of
COVID-19 patients on ECMO as well as staff and patient safety during helicopter transportation.

© 2020 Elsevier Inc. All rights reserved.

1. Background Here, we report a case of COVID-19 wherein the patient required
multidisciplinary critical care following successful interhospital trans-
The most severe cases of coronavirus disease 2019 (COVID-19) that portation by helicopter by the ECMO transport team.
present with acute respiratory distress syndrome (ARDS) require extra-

corporeal membrane oxygenation (ECMO) [1]. It has been previously

indicated that patients should be transported to ECMO centers with a
well-established protocol to improve outcomes [2] because mortality
is associated with the number of cases in ECMO centers [3]. However,
a transport program for COVID-19 patients undergoing ECMO has not
yet been established [4].

Abbreviations: COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress
syndrome; ECMO, extracorporeal membrane oxygenation; PCR, polymerase chain
reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PPE, personal
protective equipment; ICU, intensive care unit.
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2. Case presentation

A 45-year-old man with a medical history of rheumatoid arthritis re-
quiring immunosuppressants developed a fever of 39 °C and was diag-
nosed with COVID-19 following a positive polymerase chain reaction
(PCR) result for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).

He was admitted to a hospital approximately 40 km away from our
hospital (Supplemental Table 1). Chest x-ray revealed consolidation
with air bronchograms in the left and right lower lobes, indicating
multifocal pneumonia (Figs. 1 and 2). After admission, the patient
complained of shortness of breath, and his oxygen saturation gradually
decreased. On day 10 of hospitalization, invasive mechanical ventilation
was initiated owing to low blood oxygen saturation with a PO,/F,0,
ratio of 60 (mechanical ventilator settings: BIPAP, F,0,, 1.0; PEEP, 12
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Fig. 1. Chest X-ray on emergency department admission at the referring hospital.

cmH,0; inspiratory pressure, 22 cmH,0; ventilation rate, 28/min)
(Fig. 3).

As we received a request for ECMO transport 11 days after the pa-
tient was admitted, we decided to send the ECMO team to initiate
ECMO at the referring hospital and transport the patient back to our
hospital by helicopter. Three doctors and one clinical engineer (ECMO
perfusionist) arrived at the referring hospital within 90 min and initi-
ated V-V ECMO in a negative pressure room (Supplemental Table 2).
As soon as the patient was prepared for transportation, using a dedi-
cated equipment for ECMO transportation attached to a backboard
(Backboard Tree®: BBT®) (supplemental Fig. 1), interhospital transpor-
tation was executed by two medical crew from our ECMO team and five
flight crew belonging to the fire department. The helicopter (Eurocopter
AS365N3) also belonged to the fire department. The entire cabin was
protected by a plastic sheet and was also separated from the cockpit
(Supplemental Fig. 2a, 2b). All of the flight crew wore full personal pro-
tective equipment (PPE), including Tyvek® and N95 respirator equip-
ment, except the pilot who wore a surgical mask owing to the
microphone's technical capability. Within 6 h of the ECMO team leaving
our facility, the patient was safely transported to our intensive care unit
(ICU) following a 7-min flight (supplemental Fig. 3). The transport route
and vehicles were disinfected by a multi-purpose disinfectant cleaner
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Fig. 3. Chest X-ray at V-V ECMO initiation.

(RUBYSTA® KYORIN Pharmaceutical Co., Ltd., Tokyo, Japan) as quickly
as possible. No individual from the transport team or helicopter crew
developed COVID-19 thereafter.

After admission to the ICU (Supplemental Table 3), the patient was
again treated with favipiravir for 2 weeks. Tocilizumab was adminis-
tered for 2 days. Prone positioning was applied for 16 h daily, with care-
ful attention to V-V ECMO. Consequently, the patient's respiratory
condition gradually improved, followed by successful weaning from
V-V ECMO after 12 days of ECMO treatment. He was extubated
16 days after being admitted to ICU and was discharged from the hospi-
tal 31 days after admission without sequelae.

3. Discussion

Since 15%-30% of COVID-19 patients develop ARDS [5], V-V ECMO
may have the potential to improve patient outcomes. Because ECMO is
not available in all hospitals, interhospital transportation of COVID-19
patients is a possibility that should be considered [6]. Although it is re-
ported that a well-trained transport team is essential to safely transport
patients on ECMO, transportation of COVID-19 patients is challenging,
especially in cases of primary transport (i.e., the transport team performs
cannulation for ECMO at the referring hospital and then transports the
patient to the ECMO center [7]).

Fig. 2. Computed tomography of the chest on emergency department admission at the referring hospital.
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In our case, primary transport was successfully executed. Based on
our experience with this case, we make the following practical recom-
mendations for the safe and appropriate interhospital transportation
of COVID-19 patients on ECMO (Supplemental Table 4). First, prepara-
tion on a routine basis and effective communication allowed for quick
adaptation to the modified protocol for COVID-19 cases [8]. We previ-
ously established a bi-annual training program for ECMO patient trans-
port using a helicopter in collaboration with the fire department.
Furthermore, problems related to ECMO patient transport are discussed
every 2 weeks atan ECMO team meeting and all issues are subsequently
addressed. Further training for PPE was compulsory for all medical staff
following the initial outbreak of the virus, in addition to regular training
programs. In a combination of these programs, a modified protocol for
the transport of COVID-19 patients was established immediately after
the outbreak and appropriately executed in this case through a careful
briefing at each step. Second, it is important that the virus does not dis-
seminate across regions, with regard to not only the public but also the
medical staff [4]. According to a previously published suggestions for
the development of guidelines for helicopter transportation of COVID-
19 patients, a lower threshold for intubation is recommended to pre-
vent aerosolization in the confined setting [9]. Furthermore, to reduce
the risk of aerosol generation and contagion by aerosol, a practical rec-
ommendation has been published, suggesting that all staff should
wear PPE, including N95 respirators, and that high-efficiency particulate
air filters should be inserted between the ventilator and patient [10].
Immediate disinfection of the route and vehicles and strict ongoing
compliance with infection control policies are also indicated in a practi-
cal recommendation by ECMO experts [4]. Finally, it is necessary to con-
sider the vehicle used for transportation to minimize the exposure time
of medical staff with regard to temporal and spatial distances and the
patient's condition [8]. Because the risk of infection is higher during
transport in the confined environment than in a hospital setting [9],
we strongly recommend that the fastest means of transportation avail-
able is utilized.

The medical treatment for severe COVID-19 requiring ECMO re-
mains unclear. We believe favipiravir worked well with regard to con-
trolling the viral pneumonia as evidenced by the negative SARS-CoV-2
PCR test from the tracheal aspirate on the day of admission to our facil-
ity. In our experience, favipiravir in combination with the immuno-
modulating agent tocilizumab worked exceptionally well.

4. Conclusions

Here, the patient with COVID-19-associated ARDS was successfully
supported by primary transport using a helicopter along with critical
care that includes a combination of favipiravir and tocilizumab.

Consent

Written informed consent was obtained from the patient for publi-
cation of this case report along with all accompanying images. A copy
of the written consent is available for review by the Editor-in-Chief of
this journal.
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