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Abstract

Objective: Extracorporeal Membrane Oxygenation (ECMO) has long been used in the treat-
ment of acute respiratory and circulatory failure by providing time for damaged organs
to recover. The aim of this study was to evaluate the safety and feasibility of interhospital
transport of pediatric patients with acute respiratory failure who had undergone venove-
nous extracorporeal membrane oxygenation (VV ECMO) initiated at the referring facilities.
Subjects and methods: Because of the critical condition of these patients, the high risk
associated with transport, and the failure of conventional therapies, ECMO was initiated at
the referring center. After cannulation, the patients were transported by ground ambulance
to the Pediatric Intensive Care Unit in Poznań for further treatment. Results: Fourteen
patients aged 2 months to 11 years with acute respiratory failure were transferred to our
ECMO center. The mean time from decision to departure was 7.62 h, and the mean ICU
stay before transfer was 4.14 days. The mean transport distance was 157.5 km. No mortality
occurred during transport, and no serious adverse events were reported. Two technical
complications were noted. Conclusions: Interhospital transport of pediatric patients on
VV ECMO initiated at referring centers was feasible and safe, with favorable outcomes in
patients who have exhausted conventional intensive care options. Effective collaboration
between referring hospitals, ECMO centers, and emergency medical services was essential
for optimal results.

Keywords: PARDS; ECMO; respiratory failure; transportation

1. Introduction
Extracorporeal Membrane Oxygenation (ECMO) has been used for many years in car-

diac surgery centers to treat acute circulatory and respiratory failure. ECMO provides time
for damaged organs to recover. Due to its specific indications and the complex management
it requires in terms of both equipment and human resources, it is primarily performed in
facilities that, in addition to appropriate technical infrastructure, have personnel trained
and authorized to operate ECMO systems, often within cardiac surgery departments.

Ideally, patients should be transported to ECMO centers before their condition deteri-
orates to the point where conventional transport is no longer possible. However, in many
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cases, the clinical course is unpredictable, and patients’ condition can deteriorate rapidly.
In such cases, rapid clinical deterioration may necessitate the initiation of ECMO at the
referring hospital, followed by specialized interhospital transport. Although mobile ECMO
programs have expanded in recent years, most published data originate from high-volume
centers in Western Europe and North America, with limited evidence from Central and
Eastern Europe [1]. In Poland, aside from our center, no other unit performs such transports,
and there are no published reports from other Polish centers to date [2].

In Poland, pediatric patients with acute respiratory failure (ARF) are treated in Pe-
diatric Intensive Care Units (ICUs) located in clinical hospitals, as well as in regional,
municipal, and district hospitals across the country. Because of the critical condition of
these patients, the excessive risk associated with transport, and the exhaustion of conven-
tional therapies, the decision to initiate ECMO is sometimes made at the referring center.
After cannulation, the patient is transported to our hospital for further treatment.

The ECMO technique was first used in 1972 by a team led by John Donald Hill at the
California Pacific Medical Center [3]. Since then, its use in children has been primarily
limited to the treatment of acute heart failure as extended extracorporeal circulatory support
(reperfusion) after cardiac surgery or in neonatal respiratory failure. Depending on the
method of connection between the ECMO circuit and the patient, the following types are
distinguished [4]:

VA ECMO (venoarterial): blood is drawn from a vein, oxygenated, decarboxylated,
and returned under pressure to an artery or aortic arch. In this configuration, it is used to
support or temporarily replace the function of the heart and lungs.

VV ECMO: venovenous: blood is drawn from a vein and returned to the vena
cava/right atrium. VV ECMO is used to support the respiratory system.

Indications for VV ECMO [5–9]:
ARF despite aggressive treatment in an intensive care setting.
a rapid course of the disease with a tendency to worsen.
a potentially reversible cause of ARF.
Contraindications for VV ECMO:
ARF as a terminal stage of a long-term illness
active bleeding into the central nervous system—CNS
no technical possibility of cannulation
lack of parental consent
expected non-survivability
Combes et al. designed the ECMO to Rescue Lung Injury in Severe ARDS (EOLIA) trial

to determine the effect of early initiation of ECMO in patients with the most severe forms of
acute respiratory distress syndrome (ARDS). Patients were considered for inclusion in the
study if they met the American European Consensus Conference definition of ARDS, had
been intubated and mechanically ventilated for less than 7 days, and, despite optimized
ventilator settings, still fulfilled at least one of the predefined severity criteria. These criteria
are now commonly used as inclusion thresholds for initiating ECMO in patients with severe
ARDS. Criteria from the EOLIA trial include [8]:

PaO2/FiO2 < 50 mmHg >3 h or
PaO2/FiO2 < 80 mmHg >6 h
pH < 7.25 with PaCO2 > 60 mmHg
The aim of this study was to evaluate the safety and feasibility of interhospital trans-

port of pediatric patients with acute respiratory failure supported with ECMO initiated at
referring centers, as well as to describe transport organization, present clinical cases, and
identify potential challenges encountered by the transport team.
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2. Material and Methods
According to the rules of the Local Bioethical Committee of Poznan University of

Medical Sciences, ethical approval is not required for retrospective documentation research
and literature research, and therefore, no formal ethical approval was required (number of
decision 418/25). All data processing was performed in accordance with the EU General
Data Protection Regulation (GDPR) and applicable Polish legislation. Only pseudonymized
datasets were used within the hospital, acting as the data controller, and no direct access to
identifiable data was provided to journals or external reviewers.

We analyzed data (basic demographic variables, ECMO type, transfer details, and
complications) from pediatric patients with acute respiratory distress syndrome (PARDS)
who were initially treated in regional hospitals, cannulated for VV ECMO, and subsequently
transported between January 2023 and December 2025 to the Karol Jonscher Clinical
Hospital at Poznań University of Medical Sciences. Retrospective data were collected from
our Hospital Information System (HIS). Transport complications were classified according
to the risk category system published by Fletcher-Sandersjöö et al. [10]:

• Risk category I events: High risk for morbidity and mortality without response
within seconds

• Risk category II events: High risk for morbidity and mortality with no response
within minutes

• Risk category III events: Need for attention, with no risk to morbidity or mortality
• Risk category IV events: Low risk, needed to be noted

In this paper, we focus on the technical aspects of patient qualification, cannulation,
circuit connection, and transport to our hospital.

2.1. Statistical Analysis

Descriptive statistics were used to summarize the demographic and clinical character-
istics of the study participants. Categorical variables (e.g., sex) were presented as absolute
numbers and percentages. Continuous variables (e.g., age, height, weight, distance, and
time-related measures) were summarized using the mean and standard deviation (SD) to
describe central tendency and variability, as well as the median and interquartile range
(IQR, Q1–Q3) to account for potential skewness in the data. Minimum and maximum
values (range) were also reported to illustrate the full data dispersion.

2.2. ECMO Procedure

The VV ECMO system was connected via peripheral cannulation using two veins:
femoral-femoral, jugular-femoral, or jugular-jugular with a double-lumen cannula. Con-
sidering the internal vessel dimensions and the invasiveness of a sternotomy, the
preferred cannulation approach in our patients was peripheral cannulation using an
Avalon Elite® double-lumen cannula (Bi-Caval Dual Lumen Catheter, Maquet Getinge
Group, Rastatt, Germany).

The cannula size was selected according to the patient’s body weight and subsequently
adjusted based on ultrasound assessment of the right internal jugular vein. The cannula
is reinforced and includes a drainage lumen with distal suction openings positioned in
the inferior vena cava (IVC) and proximal openings in the superior vena cava (SVC). The
return lumen has a lateral opening located in the right atrium (RA), directing blood flow
toward the tricuspid valve (TV). Connection to the ECMO circuit is achieved via a ¼-inch
connector. The cannula does not have a dedicated skin fixation system. When organizing
the cannulation and transport of a mechanically ventilated patient with VV ECMO support,
the following factors must be considered:
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cannulation is performed in a center with limited experience in VV ECMO support
the patient is critically ill, mechanically ventilated, often in the prone position
the circulation is stabilized with vasopressor support
adequate analgosedation is required
during transport, reperfusion injury, coagulation disorders, bleeding, hypovolemia,

and inadvertent awakening may occur
potential early complications include critical damage to the vena cava or right atrium,

air entrainment, or other mechanical failure of the ECMO system
When arranging a transport, we inform the referring facility of the following requirements:
operating room readiness
ultrasound with a linear probe
X-ray imaging
basic surgical instruments
blood products (min. 2 units of red blood cells, min. 1 unit of cryoprecipitate/10 kg,

min. 2 units of FFP)
consent from a parent or legal guardian for high-risk therapy with an uncertain prognosis
We bring with us:
ECMO equipment approved for wheeled transport with a disposable kit
Avalon cannulas (the required size, plus spare cannulas of larger and smaller sizes)
introducers
equipment and medications necessary for routine intensive care during the first

hours of VV ECMO: a ventilator, infusion pumps, monitoring equipment, and disposable
pressure transducers

All transport equipment is stored in our department. Transports were performed
with the Xenios ECMO system. The Xenios ECMO console is manufactured by Xenios
AG, based in Heilbronn, Germany. Since 2016, Xenios AG has operated as a subsidiary of
Fresenius Medical Care. The Xenios ECMO system is a versatile, multi-functional console
capable of providing both pulmonary and cardiac support on a single platform. The system
is designed for patients ranging from neonates to adults and has a modular architecture
comprising several key components: a central control unit, a sensor box (interfacing the
circuit sensors with the console), a primary pump drive (DP3), an identical battery-powered
backup pump, an air-oxygen gas blender, and a heater-cooler unit. The backup pump
allows a replacement circuit to be primed while the patient remains supported on the
primary system. The gas blender offers two flow ranges: a pediatric mode for neonates and
infants with flows up to 1 L/min, and a general pediatric mode with flows up to 10 L/min.
The heater-cooler unit maintains patient blood temperature within a range of approximately
15 ◦C to 39 ◦C. The central unit operates on AC power and includes integrated batteries
that ensure several hours of uninterrupted support in the event of a power failure. All
sensors—including flow, pressure, bubble, and temperature sensors-provide non-invasive
monitoring. The console also offers data-logging functionality with an on-screen alarm
history for clinical review. An additional feature is a pulsed-flow mode integrated with
electrocardiographic (ECG) monitoring, used exclusively during cardiac assist procedures.
During in-hospital use, all components are mounted on a dedicated trolley. The Xenios
console in the stationary configuration is shown in Figure 1, while the Xenios console in
the mobile configuration is shown in Figure 2 (Figures 1 and 2).
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Figure 1. The Xenios console in the stationary configuration.

The Xenios system holds MultiSupport Ground certification in accordance with Reg-
ulation (EU) 2017/745 on Medical Devices (MDR), Annex IV, which permits its use for
ground transport within European emergency medical services. To convert the Xenios con-
sole from a stationary to a mobile configuration, a compact holder is used to accommodate
the main pump drive and sensor box. This holder attaches directly to the rear of the console,
allowing the system to function as a portable “table unit” that can be carried or positioned
in confined spaces. In this configuration, the pump drive, oxygenator, and monitor can be
placed directly on the patient’s bed during transport. We use two types of preconfigured
ECMO kits, compatible with the Xenios console and specifically certified for neonatal
and pediatric use for up to 29 days. These kits are standard alternatives to Cardiohelp in
centers that require dedicated pediatric certification and lower priming volumes. Each kit
is coated with a multilayer heparin-albumin surface to minimize the risk of clotting and
improve biocompatibility.
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Figure 2. The Xenios console in the mobile configuration.

Compared with Cardiohelp’s smallest kit (approximately 570 mL total volume), the
MiniLung petite has a markedly lower priming volume of 195 mL, which makes it a
preferred option for neonates and small children in Poland.

The Emergency Response Team consists of at least three essential personnel [11]. Their
responsibilities are displayed in Table 1.

driver: with a category C driving license—authorized to drive trucks in emer-
gency mode

perfusionist: an operator of extracorporeal techniques, proficient in preparing and
administering ECMO; during the journey, they supervise ECMO operations

anesthesiologist: a team leader experienced in vascular cannulation using ultrasound
and X-ray imaging, and proficient in intensive care using extracorporeal techniques; during
the journey, they are responsible for the patient’s general condition, ventilation, fluid and
drug therapy, and monitor the power supply and operation of the equipment

https://doi.org/10.3390/pediatric18040102
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Table 1. Personnel and roles of the ECMO team.

Personnel Before Departure Departure Cannulation Transport of the
Patient

anesthesiologist/intensive
care physician

patient qualification,
control of taken
medications and

equipment

contact with
the referring center

cannula implantation,
connection to ECMO

intensive care
management of

critically ill patients

perfusionist
preparation of the

pump, set, cannulas,
implantation kit

preparation of the
ECMO device for

connection, start-up

supervision of the
ECMO device, control
of AC power and O2

supply

assistant
preparation of

medications and
equipment

assistance with
implantation,

assistance to the
operating theater staff
of the referring center

patient management
during transfer,

including monitoring,
drug preparation

pediatric cardiac
surgeon

patient management
during surgical

procedure, surgical
positioning of the

cannulas

patient management
during transfer,

including monitoring,
drug preparation

nurse
preparation of

medications and
equipment

patient management
during transfer,

including monitoring,
drug preparation

driver

securing oxygen
supply, first aid bags,

checking the 12/230 V
converter, checking

batteries, fuel

driving a priority
vehicle

parking, heater
activated

driving a priority
vehicle taking

particular care to avoid
shocks and sudden

changes in speed and
direction

assistance: a cardiac surgeon if difficulties with cannulation are anticipated; a physi-
cian and/or perfusionist trained in ECMO; the assisting team members participate in
cannulation and system preparation

nurse: intensive therapy management
Avalon cannula implantation is performed under full aseptic conditions in the oper-

ating theater. The procedure begins with preparation of the operating room, including
the availability of a fluoroscopy system (C-arm), an ultrasound device with a linear probe,
an anesthesia workstation, and a complete set of surgical instruments. Blood products
are prepared both for priming the ECMO circuit (filling volume) and for potential use
in the event of massive bleeding, together with crystalloids for volume replacement. In
addition to standard anesthetics used in ASA Physical Status 5 procedures, medications
include a continuous adrenaline infusion, unfractionated heparin, and plasma-derived
products such as Prothrombin Complex Concentrate (PCC), cryoprecipitate, or fibrinogen.
Heparin at a dose of 50–100 IU/kg is administered at the time of guidewire insertion. After
initiating ECMO and transferring the patient onto the stretcher, blood samples are collected
for coagulation and morphology testing. The results are obtained during transport. Owing
to the limited number of infusion pumps on board, continuous heparin infusion is initiated
in the hospital after a control APTT test. Heparin is routinely used; no other anticoagulants
are administered during transport.

Once the equipment is ready, a crucial step is a briefing with the operating room team
to review the cannulation sequence and the ECMO pump activation protocol. Typical
technical issues are discussed, together with the assistance expected from the operating
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team, bearing in mind that most of them have limited or no prior experience with ECMO
procedures. Only after this debriefing and once all questions have been addressed, the
patient is transported from the ICU to the operating room.

After the patient is placed supine on the operating table, the right internal jugular vein
is punctured under direct ultrasound guidance using an out-of-plane technique [12]. The
connection of the Avalon cannula is performed carefully to avoid air entrapment, as the
ECMO circuit is a closed system without a venting option [13].

The first macroscopic sign of proper VV ECMO function is the color difference between
the cannulas: a bright red color in the return line and a dark red color in the drainage line.
This confirms that recirculation is not occurring within the superior or inferior vena cava or
the right atrium. If a sector ultrasound probe is available, blood flow from the cannula to
the right atrium and across the tricuspid valve can be visualized in the substernal view.

ECMO Blood Flow and Gas Exchange Management—Blood flow was typically initi-
ated at 50 mL/kg/min and titrated towards a target of 150 mL/kg/min. However, pump
flows above 100 mL/kg/min were often not achievable because of recirculation, markedly
elevated pre- and post-oxygenator pressures (greater than 300 mmHg), and highly negative
pre-pump pressures (below −100 mmHg). These limitations were managed by optimizing
hemoglobin levels. Sweep gas flow was adjusted within a range of 0.5 to 2 times the
extracorporeal blood-flow rate, according to arterial carbon dioxide levels, always with
an FiO2 of 100%. Systemic anticoagulation was provided with unfractionated heparin,
targeting a partial thromboplastin time (PTT) of 50–60 s.

From the moment VV ECMO is initiated in a child, the main sources of heat loss are the
uninsulated cannulas, the oxygenator, and the pump. The equipment remains uninsulated
to permit continuous visual monitoring for air bubbles, adherent thrombi, and possible
unintended recirculation. Hypothermia is prevented by using an active heater-cooler unit
that maintains appropriate thermoregulation. This device is powered by a 230 V AC supply.
Unlike the ECMO and anesthesia systems, the heater-cooler is not battery-operated. During
the transfer from the operating table to the transport stretcher and while the equipment is
being secured for transport, the hospital oxygen and electrical supply remain connected.

3. Results
A total of 14 participants were included in our retrospective analysis. Most of the

sample were male (78.6%, n = 11), while females accounted for 21.4% (n = 3). The median
age was 16 months (interquartile range [IQR]: 13.25–33 months), with an age range from 2
to 132 months (0.17–11 years). The median height of participants was 76 cm (IQR: 72.5–83)
and a range from 52 to 130 cm. The mean body weight was 10.9 kg (SD = 4.21), with
a range between 4.3 and 20 kg. The mean time of departure information was 7.62 h
(SD = 9.12), with a range from 1.5 to 36 h. The mean duration of ICU stay prior to transfer
was 4.14 days (SD = 2.41), with a range of 1–10 days. The median transport distance was
151 km (IQR: 137–151) and a range between 5 and 520 km. Baseline characteristics of the
study population are displayed in Table 2. There was no mortality during transfer, and
no serious adverse events occurred. Two technical complications were encountered. All
our patients at the beginning experienced an increase in arterial blood pressure (ABP),
and it was necessary to reduce the dose of vasopressors if they had been previously used
(continuation of the medication was discontinued in six cases, and in one case, vasodilator
therapy was necessary). Diuresis was uncontrolled—access to a urinary reservoir was
inaccessible. In one case, after receiving information (from the maternal hospital) about
the INR value above 5, with accompanying fibrinogen (FBG) values below <60 mg/dL,
APTT 60 s, PLT 60 × 103/µL and increasing bleeding around the cannula, prothrombin
complex concentrate (PCC) preparations (Beriplex P/N manufactured by CSL Behring)
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were transfused and the appropriate persons at the home center were informed about
the need to prepare cryoprecipitate preparations, which were transfused on board the
ambulance before preparation for disembarking the patient.

Table 2. Demographic and clinical characteristics.

Variable Parameter Overall (n = 14)

sex
female 21.4% (n = 3)

male 78.6% (n = 11)

age [months]

n 14

median (Q1–Q3) 16 (13.25–33)

range 2–132

height [cm]

n 14

median (Q1–Q3) 76 (72.5–83)

range 52–130

weight [kg]

n 14

mean (SD) 10.9 (4.21)

range 4.3–20

information-departure [h]
n 14

mean (SD) 7.62 (9.12)

ICU before [days]
n 14

mean (SD) 4.14 (2.41)

distance [km]

n 14

median (Q1–Q3) 151 (137–151)

range 5–520

In three cases, patients required additional doses of unfractionated heparin due to
non-therapeutic APTT values. Fluid therapy, along with additional boluses due to rela-
tive hypovolemia, was administered to all our patients. Three patients required tracheo-
bronchial drainage. These procedures were performed while the ambulance was in motion,
with seat belts fastened, by all team members, without the need to stop the vehicle.

One technical problem occurred during transport, classified as Category III risk—no
immediate risk of morbidity or mortality but requiring attention. During one transport, an
increased loss of oxygen (O2) pressure in the main cylinders was observed in one patient.
The patient required VV ECMO with a sweep of 1.1 L/min, FiO2 1.0, and a pump output
of 1600 mL/min. He was additionally ventilated with a HAMILTON C1 ventilator in
CMV mode, FiO2 1.0, Tv 150 mL, and BR 45/min. Due to O2 consumption significantly
exceeding the expected values, the ambulance was stopped. No leak was found, but the
cylinders were cold and frosted. The ambulance was switched to an emergency ventilator,
and the journey continued. Due to the oxygen supply approaching critical levels, the
Poznań Emergency Medical Services Center (WSPR) and the Emergency Communication
Center were informed of the need for additional supplies. The team was directed to the
nearest hospital to replenish the oxygen supply. After replenishment, the journey continued.
The transport concluded with the patient being transferred in stable condition for further
treatment at his home facility.
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4. Discussion
Bartlett et al. were the first to report cannulating patients at peripheral hospitals before

ECMO transport [14]. The decision to initiate the VV ECMO procedure was made by the
intensive care physician at the referring center. The decision to proceed with cannulation
is then taken jointly, based on ELSO guidelines and the exhaustion of other therapeutic
options. The final decision is made by the anesthesiologist of the ECMO team. Once
a decision is reached, all team members are informed. At the same time, we verify the
availability of an ambulance and a driver. After the entire team has been organized, we
contact the referring hospital again.

The qualifying criteria included prior use of all available intensive treatment modal-
ities for ARF, lack of improvement or further deterioration in gas exchange parameters,
worsening overall clinical condition, and exhaustion of conventional therapeutic options.
The qualification process is extremely difficult due to the following factors:

lack of experience with ECMO resulting from the unavailability of this procedure in
centers without cardiac surgery facilities

lack of clear guidelines and inclusion criteria, lack of dedicated centers on duty,
particularly for pediatric patients

lack of a regulated legal status for a team operating in one hospital within another center
distance from the ECMO center
lack of constant on-call ECMO team
In the cases described, from the moment initial information was received, continuous

communication was maintained with the referring center. The decision to initiate ECMO
was made gradually, based on the patient’s overall condition, laboratory results, ongoing
therapy, and the dynamic course of the disease. The mean length of intensive care stay
in our study was 4.14 days, whereas Belda Hofheinz et al. reported a mean stay of only
2 days. This difference highlights how challenging decision-making can be in centers with
limited experience in ECMO therapy [15].

The clinic’s team does not operate on a regular ECMO on-call schedule. Data indicate
that when ECMO-supported transport is conducted by an experienced team, severe com-
plications are not associated with increased morbidity or mortality [16]. When a transport
request is submitted to the ECMO transport coordinator, a specialized team is assembled,
consisting of 1–2 anesthesiologists, 1–2 perfusionists, a nurse and a cardiac surgeon if com-
plications during cannulation are anticipated, in addition to an ambulance driver. Padalino
et al. described distinct roles for each team member involved in ECMO management. The
same structured approach applies in our setting [11]. We also emphasize the need for
extensive team experience, as highlighted by Fletcher-Sandersjöö. He demonstrated that a
mobile ECMO program requires a highly skilled transport team available on-call, capable
of evaluating patients at the referring hospital, initiating cannulation or starting ECMO
therapy on-site, and safely transferring the patient to a specialized ECMO center [10].

After VV ECMO implantation and initiation, the patient often remains hemodynami-
cally unstable, requiring parenteral catecholamines and gradual adaptation to new homeo-
static conditions. During the early phase of VV ECMO therapy, it is frequently necessary
to adjust the dose or change the type of catecholamines, administer coagulation factors
(as cannulation may be associated with significant bleeding), and continuously titrate
analgesia, sedation, and fluid management. These requirements highlight the importance
of reliable intravenous access and continuous monitoring, including ECG and peripheral
oxygen saturation (SpO2) assessment [17].

In all VV ECMO cases managed at our center, the extracorporeal life support (ECLS)
system demonstrated sensitivity to patient repositioning during the first few days of therapy.
Positional changes may cause venous blood redistribution and relative hypovolemia in
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the inferior or superior vena cava and cannula drainage ports, leading to transient pump
dysfunction or even pump arrest. As the patient stabilizes, this sensitivity diminishes,
enabling optimal care and, for example, safe prone positioning for ventilation. Similar
physiological findings related to VV ECMO have also been reported by Tomarchio et al. in
their research, where they reviewed the complex physiology of patients supported with
VV ECMO [18].

Another important factor is the availability of an ambulance from the Provincial
Emergency Medical Services Station in Poznań, along with a driver holding a category C
license, as the ambulance is classified as a truck due to its weight. The choice of ground
transport is determined by the patient’s condition and the need to provide continuous
intensive care during the critical initial hours of VV ECMO support. In the case of air
transport using the EC135 helicopter from the Polish Medical Air Rescue (LPR) fleet, the
cabin accommodates only two medical crew members: a physician and a paramedic [19].
Immediate flight interruption is not feasible due to the lack of space for a third essential team
member, the perfusionist. In contrast, air transport with the Piaggio P180 aircraft operated
by the Polish Medical Air Rescue (LPR) allows for the full team, although immediate flight
termination is still not an option [20].

Due to severely limited venous drainage (caused by the cannula in the superior vena
cava and elevated intrathoracic pressure), the Fowler position should be avoided to pre-
vent increases in intracranial pressure during gradual reoxygenation and decarboxylation.
The selected mode of transport should provide the most stable surface possible, without
tilting in any direction. From the perspective of helicopter flight mechanics, the pilot
controls direction by altering the aircraft’s tilt, a simplified but relevant principle; thus,
a fully stable surface cannot be ensured, potentially exacerbating intracranial pressure
or relative hypovolemia.

Ground transport by ambulance therefore offers a clear advantage. According to ELSO
guidelines, ground transport is recommended for distances up to 400 km (250–300 miles),
and helicopter transport for distances up to 650 km (300–400 miles) [21]. Our Xenios 1.0
system includes pediatric kits but is not certified for air transport. The Cardiohelp System,
currently certified for air operation, lacks dedicated pediatric components [22].

Considering all these factors, our experience with out-of-center cannulation, the
need for intensive care during the initial hours of ECMO support, and the comparable
survival rates reported for VV ECMO transport in adults, we consistently select ground
ambulance transport [23]. At present, despite the absence of a statistically significant
advantage of ground over air transport, we find no justification to modify our approach
within Poland [24]. We are aware that these are only our experiences and the existing
evidence in the literature contains reports on the safe air transport of children with ECMO
support. The available literature clearly indicates that air transport can also be performed
safely, as demonstrated by Kendirli in his study [25]. He concluded that mobile pediatric
extracorporeal membrane oxygenation (ECMO) teams can ensure safe air and ground
transport for high-risk patients. However, Fletcher-Sandersjöö stated that transport by fixed-
wing aircraft was linked to an increased risk of serious transport-related complications [10].

During transport, oxygen pressure gauges in the main supply cylinders and device
charge indicators were checked at 15 min intervals, confirming the proper operation
of the 230 V system. The patient’s condition was monitored by monitors: SpO2, ECG,
IABP, temperature, and the ECMO pump control panel. Continuous monitoring of the
patient during transport is essential and has been emphasized in studies on ECMO patient
transport, including those by Fletcher-Sandersjöö and Kendirli [10,25]. The following are
displayed: pump speed (rpm), flow (L/min), proximal pressure (between the venous
cannula and the pump), and distal pressure (between the oxygenator and the arterial
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cannula). Sweep (gas flow through the oxygenator) was regulated by a flow regulator.
100% oxygen concentration was used during transport.

5. Conclusions
VV ECMO initiated at the referring hospital can be transported safely, achieving

satisfactory survival rates (79%) in patients for whom standard intensive care options have
been exhausted

ground transport available in Poland enables the provision of full intensive care on
board a properly equipped ambulance, provided it contains appropriate medical equipment
and is staffed by a specialized team including an anesthesiologist, a cardiac surgeon,
and a perfusionist

collaboration between multiple services: hospitals, clinical centers, and emergency
medical services results in highly favorable outcomes

of the fourteen transports performed following VV ECMO initiation, eleven children
were ultimately discharged home in good condition
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Abbreviations

ECMO extracorporeal membrane oxygenation
ELSO Extracorporeal Life Support Organization
ECLS Extracorporeal Life Support
VV venovenous
VA venoarterial
EOLIA the ECMO to Rescue Lung Injury in Severe ARDS
ARDS acute respiratory distress syndrome
ARF acute respiratory failure
ICU Intensive Care Unit
PARDS pediatric acute respiratory distress syndrome
CNS central nervous system
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ASA scale of American Society of Anesthesiologists
APTT Activated Partial Thromboplastin Time
LPR the Polish Medical Air Rescue
PCC Prothrombin Complex Concentrate
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