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Serious pulmonary and cardiac failure may be treated
with extracorporeal membrane oxygenation (ECMO)
when conventional treatment fails. In some severely ill
patients, it may be necessary to initiate ECMO at the
local hospital and, thereafter, transport the patient back
to the ECMO center. The aim of this study was to evaluate
our experiences with transportation of patients on ECMO.
From Oct 1992 to Jan 2008 23, patients were transported
on ECMO from local hospitals to Rikshospitalet. The
study included seventeen patients with pulmonary failure
and four patients with cardiac failure. All age groups
were represented. Aircraft were used in 17 cases, ground
vehicles in six. The times from decision until ECMO was
established, the time from ECMO to departure from the
local hospital and the transportation time were registered.
All transportations were uneventful. After 10.3 ±6.7 days,
six patients died on ECMO and another patient died
within 30 days. Mean ECMO time for those who died was
13.3 ± 9.6 vs. 8.5 ± 4.7 days for survivors, p=0.34. Seven-
teen patients were able to be successfully weaned from

ECMO. Thirty day survival was 67%. The mean age for
survivors was 15.3±18.3 (range 0-54.6) vs. 23.6 ± 20.3
years (range 0-55.9) in fatal cases, p=0.41. The time from
referral to initiating ECMO was a mean of 7.32 ± 2.3
(3.0-12.0) hours for survivors vs. 7.88 ± 3.0 (3.50-13.40)
hours for non- survivors, p=0.76. The time from initiating
ECMO to departure was 5.1 ± 6.5 (0.58-23.75) hours in
survivors vs. 9.1 ± 6.8 (0.55-18.45) hours in non-
survivors, p=0.18. Time from departure to arrival at Rik-
shospitalet was a mean of 3.2 (0.50-5.10) hours for survi-
vors versus 2.5 (0.5-4.40) for non-survivors, p=0.41. This
study shows that ECMO can be successfully established at
local hospitals, using an experienced team, and that
transportation of patients on ECMO can be performed
safely and without technical difficulties. Survival for this
group of patients did not differ from patients treated at the
ECMO center. Perfusion (2008) 23, 101–106.
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Introduction

ECMO (extracorporeal membrane oxygenation) may
be used in neonatal, pediatric and adult patients with
pulmonary or cardiac failure unresponsive to con-
ventional therapy. The condition of some of these
patients does not allow transfer to an ECMO center
while on conventional therapy. A mobile inter-
hospital ECMO service was established in Norway
in 1992. In the United States of America, 12 centers
are offering inter-hospital service.1 ECMO may be
used as a bridge to recovery, as a bridge to transplant
or as a bridge to a long-term assist device.

The purpose of this studywas to evaluate our expe-
rience with the transportation of 23 patients from
local hospitals to Rikshospitalet, Oslo. Selection of
patients for ECMO treatment was based on a written
protocol. The majority of the adult patients suffered
acute respiratory distress syndrome(ARDS), either
post infection or post trauma. Among the neonatal

patients, meconium aspiration, diaphragmatic hernia
and persistent pulmonary hypertension(PPHN) were
the most common diagnoses. Only three patients suf-
fered fromcardiac disease. One patient neededECMO
after intoxication and cardiac arrest. Our study
included analysis of possible risk factors of outcome,
with emphasis on 30-day mortality.

Materials and methods

Patients and procedures
All 23 patients with pulmonary (n=19) or cardiac
failure (n=4) who were transported on ECMO from
a local hospital to Rikshospitalet were included in
the study. Our ECMO program started in Sept 1990
and we performed the first transportation on ECMO
in Oct 1992. All our ECMO transportations from this
date and until Jan 2008 were included in this study.

The study population consisted of 8 neonates
(0-28 days), 4 children (29 days-18 years) and
11 adults (>18 years). Mean age was 17.8 (0-55.9)
years. There were 13 males and 10 females. Diagno-
ses leading to initiating of ECMO treatment were
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ARDS post infection/sepsis (n=7), ARDS post trauma
(n=3), PPHN (n=2), meconium aspiration (n=5), dia-
phragmatic hernia sinister (n=2), cardiomyopathy
(n=2), cardiac insufficiency post infarctum (n=1),
and cardiac arrest caused by intoxication (n=1).

The severity of the patient’s illness was calculated
using the National Committee on Aeronautics Score
System(NACA). This is a pre-hospital scoring system
with a range of 0-7, where seven is a deceased patient.
All our patients represented grade 6. Following the
request from the local hospital, a team including one
cardiothoracic surgeon, one anesthetist, one perfu-
sionist and one intensive care nurse was transported
to the local hospital where ECMO was established.

Nine patients were initially treated with veno-
venous ECMO (VV ECMO), three needed to be con-
verted to veno-arterial ECMO (VA ECMO) due to
developing cardiac insufficiency. Fourteen patients
were initially treated with VA ECMO. One was later
converted to VV ECMO. Twelve patients received
nitric oxide(NO) gas prior to ECMO; in one patient,
NO gas was continued during transportation and, in
nine patients, NO was continued after the patient
arrived at our hospital. (Table 1) The transportations
were performed using military cargo aircraft (Hercu-
les) (n=17) from the Norwegian Air force, ambulance
plane (Beech) (n=1) and ground vehicles (n=6). The
Hercules was used to transport the ambulance. (Fig-
ure 1) We registered the time when the decision was

made to offer ECMO treatment to the patient, and
when ECMO was initiated. Further, departure time
from the local hospital, and arrival time at our hospi-
tal were registered. (Table 2) The stay at the local
hospital varied. In some cases, we had to wait for
the best opportunity to transport the patient back to
Rikshospitalet as the Hercules aircraft was not
always available. In two cases, ECMO had already
been established by the local cardiothoracic staff.

In one case, due to the serious condition of the
child, we advised the local team to put the patient

Table 1 Demography, diagnoses, ventilation data prior to ECMO

No Age years Sex Diagnosis OI PaO2/FiO2-ratio NO gas Pre
ECMO

Type of ECMO

1 18.8 M ARDS trauma 58 41 no VV
2 25.6 M ARDS sepsis 25 72 no VV-VA
3 21.4 M ARDS trauma 24 87 yes VV
4 15.1 M ARDS sepsis 72 50 no VA-VV
5 40.5 M ARDS trauma 43 47 no VV-VA
6 0 F MAS 112 25 yes VA
7 39.7 F ARDS mycoplasma 48 62 no VV
8 24.4 F ARDS inf 73 40 no VA
9 30.3 F Card.arrest intox — — no VA
10 0.2 M PPHN pertussis 21 89 yes VA
11 39.2 M ARDS varicella 48 58 no VV
12 0 M MAS 156 9 yes VA
13 0 M MAS 31 49 yes VA
14 0 F MAS 45 42 yes VA
15 0 M CDH 109 17 yes VA
16 55.9 F Post inf.cordis — — no VA
17 10.5 F ARDS inf 47 47 yes VV
18 4.8 M Cardiomyopathy — — no VA
19 0 F CDH 70 30 yes VA
20 54.6 M Cardiomyopathy — — no VA
21 0 M PPHN — 17 yes VA
22 0 M MAS — 36 yes VA
23 26.5 F ARDS inf — 47 yes VV
Mean (±SD) 17.8 (±18.4)
range 0-55.9

M, male; F, female; ARDS, Acute respiratory distress syndrome; MAS, Meconium aspiration; PPHN, Persistent pulmonary hyperten-
sion; CDH, Congenital diaphragmatic hernia; inf, infection; OI, Oxygenation index; NO, Nitric oxide; VA, veno arterial; VV, veno
venous; card, cardiac; intox, intoxication.

Figure 1 The intensive ambulance with the patient and ECMO
transport rack has entered the Hercules aircraft.
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on cardiopulmonary bypass. The bypass was con-
verted to ECMO by our team prior to transportation.

The medical transportation team consisted of an
anesthesiologist, a cardiac surgeon, an intensive
care nurse and a perfusionist. We have no team espe-
cially dedicated for ECMO transportations. Upon
request, the anesthetist and cardiac surgeon on call
make the final decision. The Department of Air
Ambulance, Ullevaal University Hospital is con-
tacted, being responsible for all necessary arrange-
ments around the transportation.

The referral hospital is asked to send over data
regarding ventilatory, circulatory and cerebral status
of the patient. Depending on the airports and dis-
tances, we decide on ground or air transportation. If
more than two hours can be saved, we go by air. The
distances between Oslo and Bergen, Trondheim and
Stavanger represent 60 minutes, to Bodø the flight
time is 120 minutes and to Tromsø 140 minutes.
One transportation by ground lasted five hours, as
an Hercules aircraft was not available. So far, we
have not been able to establish helicopter transporta-
tions with patients on ECMO.

Early mortality was defined as any death occurring
within 30 days of treatment. The Regional Committee
for Medical Research Ethics approved the study.

Surgical and ECMO technique
In one patient, NO was continued during transporta-
tion. The gas supply was delivered from INO-vent

equipment. (Datex-Ohmeda Division. Instrumentar-
ium Corp., Finland).

In VV ECMO, the cannulas were inserted percuta-
neously into the jugular vein and the femoral vein
using the Seldinger technique. In VA ECMO, the can-
nulas were inserted percutaneously into the femoral
artery and femoral vein. This technique was used in
adult patients. In children < 10 kg, the cannulas were
inserted into the jugular vein and the carotid artery
by cutdown technique on the right side of the neck.

In two patients, the cannulas were inserted
directly into the aorta and right atrium. Various oxy-
genators, such as Minimax Plus, Maxima (Medtronic
BioMedicus Inc., Eden Prairie, MN, USA), Lilliput 2
ECMO (Dideco S.r.l., 41037 Mirandola, Modena,
Italy) and Quadrox D (Maquet Cardiopulmonary
AG, Hirlingen, Germany) were used.

In all cases, a centrifugal pump was used. The fol-
lowing centrifugal pumps have been used: BioMedi-
cus BP 50, BP 80 (Medtronic BioMedicus Inc.). Since
Nov 2002, we have used the Rotaflow (Maquet Car-
diopulmonary AG).

Hemoglobin (Hb) was kept above 12g/dl and pla-
telets above 100 000 109/l. Activated clotting time
(ACT) was held between 150-180 sec. Antithrombin
(AT) levels were kept above 60% in adults and 80%
in children. To avoid hemolysis, the negative pres-
sure on the inlet side of the centrifugal pump was
not allowed to exceed 80mmHg.2

Table 2 Transportations times

Pat.no Mode of transportation Alarm to ECMO (hrs) ECMO to start
transportation (hrs)

Transportation back to
ECMO center (hrs)

1 amb 7.25 — —

2 Herc 9.30 13.83 3.75
3 Herc 9.70 16.67 3.70
4 Herc 6.10 5.75 3.40
5 amb 6.20 2.12 1.70
6 Herc 9.10 1.17 3.75
7 Herc 8.70 1.72 3.50
8 Beech 7.25 9.58 4.40
9 Herc 6.00 23.75 3.00
10 Herc 9.55 1.18 2.60
11 Herc 4.25 7.75 2.90
12 Herc 6.80 1.60 2.75
13 Herc 8.50 0.72 3.20
14 Herc 5.10 2.93 4.50
15 Herc 8.25 10.25 3.00
16 amb 13.40 18.45 1.70
17 Herc 7.30 1.33 3.30
18 Herc 6.35 1.05 2.50
19 amb 3.50 0.55 0.50
20 amb 8.50 6.32 5.10
21 Herc 6.20 1.25 3.40
22 amb 3.00 0.58 0.50
23 Herc 12.00 7.40 2.80
Mean (±SD) 7.49 (±2.43) 6.17 (±6.55) 2.99 (±1.12)
range 3-13.40 0.55-23.75 0.5-4.50

SD, Standard deviation; Herc, Hercules; Amb, ambulance; hrs, hour.
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Equipment
When we first planned to use a mobile ECMO in an
aircraft, we tested out the set-up using pigs. Exten-
sive testing was required in order to certify the Her-
cules for this kind of mission, including ventilator,
monitors, NO unit, extra electrical power and gas
supply. The rack with the ECMO equipment had to
be firmly secured to a stretcher. This included the
ECMO circuit with the oxygenator, centrifugal
pump, heating device, blood pressure monitoring, a
device for intra-circuit saturation measurement and
the ventilator. Additional lengths of tubing were nec-
essary for loading and unloading. This rack is now
always available in our hospital. The stretcher was
placed next to the patient’s bed. During transporta-
tion, the stretcher with the ECMO rack had to be
firmly mounted in the ambulance. The ambulance
itself must be safely secured in the aircraft
(Hercules).

When using the Hercules aircraft, the patient on
ECMO was loaded into the ground ambulance, then
brought to the airport where the ambulance could
enter the Hercules. (Figure 1) On arrival, the ambu-
lance could leave the aircraft and continue to the
Hospital, thereby, avoiding any unnecessary re-
loading of the patient during transportation.

Anesthesia
All patients were under general anesthesia prior to
ECMO and during transportation. Later on, the
patient was lightly or heavily sedated, depending
on the situation. This enabled us to better monitor
the patient’s consciousness and diagnose any cere-
bral insults. Drugs used were morphine, fentanyl
and midazolam, and, if necessary, pancuronium or
cisatracurium. Morphine and midazolam mostly in
continuously infusions.

Data collection and analysis
Data were obtained from our database (Datacor) and
from the Extracorporeal Life Support Organization
(ELSO) registry. Additional data were obtained from
the patient’s record and from the ambulance charts.
We collected the following data: age group, gender,
diagnosis, type of ECMO (VV, VA, VV-VA), NO gas
prior to ECMO, preoperative oxygenation index(OI)
and mean PaO2/FiO2 ratio. Also, the time from when
the decision was made until initiating ECMO, the
time from ECMO to start of transportation, and the
time from departure from the referring hospital to
arrival at our hospital.

Statistical methods
Continuous variables were presented as means ± 1
standard deviation, whereas discrete variables were

presented as frequencies. EPI-info version 6 (CDC,
Atlanta, Georgia, USA) was used for the univariate
analysis. The Chi2 or Fisher exact test, whenever
applicable, were used for discrete variables. The
Mann-Whitney test was used to compare continuous
variables. A p-value less than 0.05 was regarded as
statistically significant. Using the Statistical Software
BMDP-PC version 7.01, statistically significant or
borderline values were entered into a logistic regres-
sion model to determine any independent predictors
of early death.

Results

There were no deaths or serious complications in
connection with transportation. After an average of
10.3 (3-28) days, 17 patients (73.9%) could be
weaned from ECMO, while 6 patients (26%) died
on ECMO. Mean ECMO time for those who died was
13.3 ± 9.6 vs. 8.5 ± 4.7 days for survivors, p=0.34.
After weaning, one patient died during the hospital
stay. Seven patients died within 30 days of treatment
(33.3%). There were two late deaths.(Table 3) One
patient died from suicide (earlier intoxication), and
one from cardiomyopathy, 3 years and 6 months,
respectively, after treatment. At follow-up (Jan
2008), 12 patients (52%) are still alive.

There were no differences in early mortality
related to gender. The mean age for survivors was
15.3 ±18.3(0-54.6) years vs. 23.6 ±20.3(0-55.9) years
in fatal cases, p=0.41. Patients in the transport group
were younger, mean 17.7 (0-55.9) years, versus in-
house patients 25.3 (0-73.5) years. The OI prior to
ECMO had a mean of 60.4 (21-156) in survivors and
a mean of 63 (25-109) in non-survivors. The PaO2/
FiO2 ratio prior to initiating ECMO was 47.5 (9-89)
in survivors and 41.2 (17-72) in non-survivors.
Table 1. The time from the decision until ECMO
was initiated was 7.32 ± 2.3 (3.00-12.00) hours in sur-
vivors and 7.88 ±3.0 (3.50-13.40) hours in non- sur-
vivors, p=0.76. The time from ECMO start to depar-
ture from the referring hospital varied due to the
possibility of getting transportation back to our hos-
pital. The time from ECMO to departure was 5.1 ± 6.5
(0.58-23.75) hours in survivors and 9.1±6.8
(0.55-18.45) hours in non-survivors, p=0.18. The
length of the transportation time on ECMO back to
our hospital was 3.2 ±1.0 (0.5-5.1) hours in survivors
and 2.5 ±1.5 (0.5-4.4) hours in non-survivors,
p=0.41.(Table 2)

NO was delivered prior to ECMO in 12 cases and,
in one case, during transportation as well. Two of
these patients suffered early mortality versus five
who did not receive NO gas. (Table 3) Thirteen
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patients needed revision due to bleeding; average
bleeding was 1660 ml (0-26.730) ml. All patients
needed blood transfusions. None of the patients
was later transplanted or switched to a long-term
assist device. Besides bleeding, renal failure, septice-
mia, stroke and arrhythmia were the most commonly
seen complications. (Table 4)

Discussion

Patients are referred to our hospital due to serious
lung or heart failure. If their illnesses are life-
threatening, they are in need of high technology
treatment. Transportation of patients on conven-
tional therapy may represent too high a risk. If the
patient fulfills the criteria for ECMO treatment, he/
she can be transported on ECMO to our hospital.
Since 1992, we have performed 23 ECMO transporta-
tions. Only two referrals did not result in ECMO
treatment. All transportations were performed with-
out serious complications or deaths. This is in agree-
ment with other reports.3–7 None of the later deaths
were related to the transportation. The first transpor-
tation was done with an ambulance. However, longer
distances may require air transportation. Transporta-
tion with the Hercules aircraft from the Norwegian
Air Force was established in 2000. Prior to this first

transportation, there were many technical arrange-
ments as well as rules and laws to follow. As with
other centers, we are using a ground ambulance
which is equipped for intensive care and
monitoring.8–10 If necessary, the ambulance can be
moved into the Hercules. This arrangement allows
the patient to stay in the ambulance during the entire
transportation. The Hercules is not dependent on
weather condition, unlike a helicopter. However,
the Hercules is not always available for patient trans-
portation. So far, we have not been able to set up a
helicopter transportation program, as described by
other centers.3,11

Thirty-day survival in patients transported on
ECMO was 66.7%, and is comparable to the survival
rate of 56.5% in our in-house ECMO patients. This is
in agreement with the findings of Foley, et al.7 It is
also comparable to the Swedish study in which a sur-
vival rate of 72% was found for pulmonary patients
who needed transportation on ECMO.3 Wilson, et al.
found a survival rate of 62% in children transported
on ECMO.4 Our study group included five neonates
with meconium aspiration syndrome (MAS); all sur-
vived. Other studies report a survival rate of 75% in
transported MAS neonates vs. 97% in the in-house
group. This is in contrast to our findings.4 Reports
of transportations with patients receiving nitric
oxide have been published.12,13 Both publications

Table 3 Comparison of ECMO established at local hospital and in-house ECMO at Rikshospitalet

ECMO transportation (n = 23) ECMO at RH (n = 154) P –value

Pulmonary failure 19 57 <0.01
Cardiac failure 4 91 <0.01
CPS 0 6 0.73
Weaned 17 86 0.16
Died on ECMO 6 42 0.89
Early mortality (30 days) 7 67 0.34
Late mortality 2 16 0.91
Later transplanted 0 14 0.27
Other VAD devices 0 10 0.44
Minimum days on ECMO 3 1
Mean days on ECMO 10.3±6.7 8.9±8.4 0.59
Maximum days on ECMO 28 56

CPS, cardiopulmonary support; VAD, ventricle assist device; RH, Rikshospitalet.

Table 4 Complications in 23 patients transported on ECMO compared to 154 not transported patients

ECMO transportation (n = 23) ECMO at RH (n = 154) P-value

Infection 4 37 0.66
Pneumonia 9 32 0.09
Sepsis 7 29 0.31
Organ failure 16 124 0.35
Arrhythmia 5 33 0.82
Cardiac infarction 0 16 0.22
Stroke 3 19 0.81
Revision bleeding 13 85 0.92

ECMO, extracorporeal membrane oxygenation; RH, Rikshospitalet.
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describe an improvement in oxygenation with NO
treatment during transportation. Results of a combi-
nation of ECMO and NO treatment have not been
described.

The mean age was lower for the transported
patient group. Nine patients were newborns and
needed treatment at a university hospital. This may
reflect the lower age in this group. The reason could
be that community hospitals are more used to treat-
ing adult patients and, therefore, tend to keep adults
longer in-house than children. The length of ECMO
support was 10.3 (3-28) days in patients who were
transported on ECMO and 8.9 (1-56) days in patients
where ECMO was initiated at our institution.
(Table 3)

There were small differences in the oxygenation
index and PaO2/FiO2 ratio in survivors and non-
survivors. These parameters did not predict outcome
in patients transported on ECMO. The different time
registrations were approximately the same in both
the survivors and non-survivors. The difference in

time from ECMO commencement to departure was
much shorter in the survivors. This may reflect that,
as soon as the patient is stabilized on ECMO, he/she
is ready for departure. This is in accordance with
other studies reporting a poorer outcome when trans-
fer was delayed.5 The time from departure to arrival
at our hospital did not differ significantly between
non-survivors and survivors.

Conclusions

All transportations on ECMO were uneventful. The
results are comparable to patients treated in-house
at Rikshospitalet. Our study shows that, when neces-
sary, ECMO can be established at local hospitals.
After stabilization, the patients can be transported
safely back to the ECMO center. This procedure
should be used whenever the patient is considered
too ill to be transported on conventional therapy.
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