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Background: Extracorporeal membrane oxygenation (ECMO) has been successfully used as a method for the 

interhospital transportation of critically ill patients. In South Korea, a well-established ECMO interhospital 

transport system is lacking due to limited resources. We developed a simplified ECMO transport system with-

out mechanical ventilation for use by public emergency medical services. Methods: Eighteen patients utilized 

our ECMO transport system from December 2011 to September 2015. We retrospectively analyzed the in-

dications for ECMO, the patient status during transport, and the patient outcomes. Results: All transport was 

conducted on the ground by ambulance. The distances covered ranged from 26 to 408 km (mean, 65.9±88.1 

km) and the average transport time was 56.1±57.3 minutes (range, 30 to 280 minutes). All patients were 

transported without adverse events. After transport, 4 patients (22.2%) underwent lung transplantation be-

cause of interstitial lung disease. Eight patients who had severe acute respiratory distress syndrome showed 

recovery of heart and lung function after ECMO therapy. A total of 13 patients (70.6%) were successfully 

taken off ECMO, and 11 patients (61.1%) survived. Conclusion: Our ECMO transport system without mechan-

ical ventilation can be considered a safe and useful method for interhospital transport and could be a good 

alternative option for ECMO transport in Korean hospitals with limited resources.
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Introduction

Since the efficacy of transferring patients with se-

vere respiratory failure to an extracorporeal mem-

brane oxygenation (ECMO) center was first reported, 

the safe and timely transfer of patients with acute 

respiratory distress syndrome (ARDS) has attracted 

increasing attention [1]. ECMO is being used more 

frequently as a treatment for severe ARDS, and the 

need for ECMO in transit has increased [2]. In partic-

ular, during the recent outbreak of Middle East respi-

ratory syndrome in South Korea, ECMO interhospital 

transport played a significant role in patients requir-

ing transfer to an ECMO center for ARDS treatment. 

However, South Korea still lacks a well-established 

ECMO interhospital transport system due to limited 

resources. Recent advances in ECMO have suggested 

that ECMO can function as an alternative to a ven-

Korean J Thorac Cardiovasc Surg 2017;50:8-13 □ CLINICAL RESEARCH □

https://doi.org/10.5090/kjtcs.2017.50.1.8



Mobile ECMO without a Ventilator

− 9 −

Table 1. Inclusion and exclusion criteria for transport with ECMO support

Inclusion criteria Exclusion criteria

✓ Life-threatening hypoxemic respiratory failure (partial pressure of O2/FiO2 ＜100, 

  despite ventilator setting of positive end-expiratory pressure ＞10 cm H2O and FiO2 ＞0.6)

✓ Irreversible multi-organ failure 

✓ Acute lung injury score (Murray score) ＞2.5 ✓ Irreversible brain damage

✓ Uncompensated hypercapnia with acidosis (pH ＜7.2) despite optimal conventional

  therapy

✓ Untreatable metastatic cancer

✓ Respiratory failure requiring lung transplantation

✓ Inability to maintain adequate saturation of peripheral O2 with maximal O2 supply 

  by bag-valve mask alone during transport

ECMO, extracorporeal membrane oxygenation; FiO2, fraction of inspired O2.

tilator for oxygenation. ECMO without mechanical 

ventilation has been used in a number of ARDS 

patients. In view of this, we have greatly simplified 

our ECMO transport system and have been operating 

our ECMO interhospital transport program without 

the use of mechanical ventilation [3]. During the 

planning stage of our ECMO transport program, our 

goal was to maximize the utilization of hospital staff 

and facilities and to develop an ECMO transport sys-

tem using the public emergency medical services 

(EMS) systems. Our system was specifically designed 

to address the medical circumstances in South Korea 

and can be appropriately applied to other hospitals 

in South Korea. In this study, we review our experi-

ences using an interhospital ECMO transport program 

without mechanical ventilation in a resource-limited 

environment.

Methods

Eighteen patients referred from outside hospitals 

to Pusan National University Yangsan Hospital for 

ECMO treatment utilized our interhospital ECMO trans-

port system from December 2011 to September 

2015. We retrospectively analyzed the indications for 

ECMO, patient status prior to and during transport, 

and patient outcomes after transport based on the 

patients’ medical records. The institutional review 

board of Pusan National University Yangsan Hospital 

approved this study (IRB no. 05-2016-130) and 

waived the need for informed consent.

1) Transport extracorporeal membrane oxygenation 

guidelines

(1) Selection and preparation of transport candi-

dates and equipment used for transport: Target pa-

tients were selected from those patients referred 

from other hospitals based on the determination of a 

need for ECMO treatment for acute respiratory fail-

ure and heart failure. Transport was implemented 

only after 2 or more intensive care specialists and 

thoracic surgeons verified the indications for ECMO 

and ruled out any contraindications to ECMO (Table 1).

We devised a short-distance transport program for 

patients in Busan and South Gyeongsang province. 

Helicopter transport, which was not feasible at night 

and required takeoff and landing areas, was deemed 

impractical. Ambulance transport is the primary 

transportation mode for the emergency medical sys-

tem in South Korea. The transport range was de-

termined as the area where interhospital transport 

was feasible within 4 hours, the duration of capacity 

for the electrical power supply of available ambu-

lances and the loading capacity of O2 tanks. Since our 

hospital neither owned nor operated an ambulance, 

we designed our transport system to utilize the 119 

existing EMS or private ambulance services (Fig. 1). 

The transport team consisted of specialists capable of 

solving mechanical problems pertinent to ECMO, as 

well as treating episodes of cardiac arrest that can 

occur during emergency transport. The team included 

2 thoracic surgeons, 2 clinical perfusionists with 

nursing experience, and 1 ambulance driver.

The equipment system used during transport con-

sisted of the ECMO machine and circuit, cannulas in 

a variety of sizes, a bag-valve mask (Ambu Mark 

IV-Reusable Resuscitator; Ambu A/S, Ballerup, 

Denmark) with a positive end-expiratory pressure 

(PEEP) valve, an O2 line, a portable vital sign mon-

itoring system (IntelliVue MMS X2; Philips, 

Amsterdam, Netherlands), an infusion pump, and a 

portable blood gas analyzer (I-stat; Abbott, Lake 



Hye Ju Yeo, et al

− 10 −

Fig. 1. We designed our transport system to utilize the 119 exist-

ing emergency medical services or private ambulance services.

Bluff, IL, USA), all transported in a single-use bag. 

The stock equipment of the ambulance was used for 

any other requirements during transport.

(2) Types and methods of extracorporeal mem-

brane oxygenation insertion: Veno-venous (VV) ECMO 

was typically performed for the transport of patients 

with respiratory failure, and veno-arterial (VA) ECMO 

was performed for the transport of patients with 

heart failure. For patients with respiratory failure 

and hypotension, VA ECMO or veno-veno-arterial 

ECMO was performed. In VV ECMO, the right femoral 

vein was used for venous drainage and the right in-

ternal jugular vein was used for venous return. In 

VA ECMO, the right femoral vein and left femoral ar-

tery were utilized. Cannulation was performed using 

the Seldinger technique under ultrasonic guidance. 

The most commonly used cannulas were the FEM- 

FLEX2 femoral cannula (Edwards Lifesciences, Irvine, 

CA, USA) and the DLP femoral cannula (Medtronic, 

Fridley, MN, USA). The EBS Emergency Bypass 

System ECMO machine (Terumo, Tokyo, Japan) was 

used in 7 patients and the Quadrox PLS ECMO ma-

chine (Maquet, Rastatt, Germany) was used in the 

other 11 patients. The cannulas were tightly fixed to 

the patient’s body to prevent decannulation during 

transport. Once ECMO was initiated, ECMO flow and 

O2 flow were adjusted to determine the ECMO sup-

port flow required for transport. Ventilator settings 

were gradually lowered over 1 hour to maintain a 

partial pressure of O2 (PaO2) ＞70 mm Hg, partial 

pressure of CO2 (PaCO2) ＜50 mm Hg, and a satu-

ration of peripheral O2 (SpO2) ＞95% at a fraction of 

inspired O2 (FiO2) of 0.4, PEEP of 5 mm Hg, a tidal 

volume of 8 mL/kg, and a respiratory rate of 12 

breaths per minute. Once a stable ECMO flow was 

established, transport was deemed feasible.

(3) Extracorporeal membrane oxygenation trans-

port: After transport was deemed feasible, the pa-

tient’s status was confirmed by verifying the vital 

signs and the results of a blood gas analysis after 

ECMO support at 100% O2 and 10 L/min application 

of an Ambu-bag (Ambu Mark IV-Reusable Resuscita-

tor, Ambu A/S) for 15 minutes. At that point, the 

charge status of the ECMO machine was checked and 

the gas flow line was connected to a portable O2 

tank. The patient’s arterial blood pressure, SpO2, and 

heart rate were monitored with a portable vital sign 

monitor, and the patient was transported from the 

intensive care unit (ICU) to the ambulance on the 

ambulance bed. Upon arriving in the ambulance, the 

ECMO machine was connected to the power inside 

the vehicle and the O2 line was connected to the am-

bulance O2 tank flow line. The patient’s status was 

observed constantly by monitoring vital signs and by 

visually verifying the blood color in the inflow and 

outflow lines. If the SpO2 dropped below 90%, the O2 

tank level in the ambulance was verified and the en-

dotracheal tube status was checked. The SpO2 was 

maintained above 90% by adjusting the ECMO and 

O2 inhalation flow. When the SpO2 of patients was 

lower than 90%, the PaO2, PaCO2, and pH were 

checked by arterial blood gas analysis using the 

I-stat (Abbott). When the ambulance arrived at the 

hospital, the patient was transported to the ICU in 

the same manner as during the departure, and me-

chanical ventilation was begun immediately. In addi-

tion, the patient continued to be monitored for hypo-

xia, hypercapnia, and respiratory or metabolic acidosis. 

Any necessary X-ray examinations or laboratory tests 

were conducted and all problems were addressed 

accordingly.

Results

Eighteen patients (6 men and 12 women; average 

age, 41.7±21.6 years) were accommodated with our 

ECMO transport system. Of these, 2 patients were 
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Table 2. Patient characteristics and reasons for transport

Characteristic Value

Age (yr) 41.7±21.6

Sex (male) 6 (33.3)

Body mass index (kg/m
2
) 21.3±3.7

Reason for transport

  Interstitial lung disease exacerbation requiring 

lung transplantation

7 (38.9)

  Chronic obstructive pulmonary disease 

requiring lung transplantation

1 (5.6)

  ARDS with pneumonia 2 (11.1)

  ARDS with pulmonary thromboembolism 1 (5.6)

  ARDS after drowning 2 (11.1)

  ARDS after trauma 3 (16.7)

  ARDS after surgery 2 (11.1)

Sequential organ failure assessment score 12.7±1.6

Murray score 3.4±0.2

Pre-ECMO arterial gas analysis

  Ratio of partial pressure of O2 to fraction of 

inspired O2

57.4±11.0

  Partial pressure of CO2 47.9±10.8

  pH 7.33±0.2

  Lactate level (mg/dL) 6.8±3.0

Inotropic use 18 (100.0)

ECMO mode

  Veno-venous 14 (77.8)

  Veno-arterial 4 (22.2)

Values are presented as mean±standard deviation or number (%).

ARDS, acute respiratory distress syndrome; ECMO, extracorporeal 

membrane oxygenation.

Table 3. Transport information and post-transport patient course

Variable Value

Transport distance (km) 65.9±88.1

Transport time (min) 56.1±57.3

Gas flow (L/min) 6.1±3.8

Fraction of inspired O2 ECMO (%) 100.0

Centrifugal pump drive (rpm) 2,644.8±856.8

Blood flow (L/min) 3.5±0.7

Complications during transport 0

Days on ECMO 14.3±13.9

Days in intensive care unit 17.7±13.9

Successful weaning 13 (70.6)

Overall survival 11 (61.1)

Values are presented as mean±standard deviation or number (%), 

unless otherwise stated.

ECMO, extracorporeal membrane oxygenation.

children. Sixteen patients were transported to our 

hospital for ECMO therapy and 8 of these patients 

required lung transplantation. Two patients were 

transported to other hospitals for multiple trauma 

management and lung transplantation. Transfer was 

necessitated by an acute exacerbation of interstitial 

lung disease (ILD) in 7 patients (38.9%), severe 

chronic obstructive pulmonary disease requiring lung 

transplantation in 1 patient (5.5%), and severe ARDS 

in 10 patients (55.6%). The causes of ARDS are shown 

in Table 2. Ten patients were candidates for lung 

transplantation at the time of transport. The average 

Murray score [4] was 3.4±0.2, and the average se-

quential organ failure assessment score was 12.7±1.6. 

All patients required inotropic agents such as nor-

epinephrine, and the mean lactate level was 6.8±3.0 

mg/dL. The average PaO2/FiO2 ratio was 57.4±11.0 

and all patients met the criteria for severe respira-

tory failure. VV ECMO was used in 14 patients. Four 

patients with cardiogenic shock required VA ECMO to 

support cardiac function. Of those, 3 patients had 

right heart failure due to pulmonary hypertension, 

and 1 had a severe pulmonary thromboembolism 

(Table 2).

All transport was conducted on the ground by 

ambulance. The distances covered ranged from 26 to 

408 km (average, 65.9±88.1 km) and the average 

transport time was 56.1±57.3 minutes (range, 30 to 

280 minutes). All patients were transported without 

adverse events. There were no adverse events involv-

ing mechanical or vehicle problems during transport 

(average gas flow, 6.1±3.8 L/min; average blood flow, 

3.5±0.7 L/min) (Table 3). All patients maintained a 

stable mean arterial blood pressure, heart rate, and 

O2 saturation during transfer (Table 4).

After transport, 4 patients (22.2%) underwent lung 

transplantation because of ILD. Eight patients who 

had severe ARDS showed recovery of heart and lung 

function after ECMO therapy. Four patients died in 

the hospital. Of these, 3 patients died of multi-organ 

failure during in-hospital ECMO support, and 1 pa-

tient died of ventilator-associated pneumonia after 

successful withdrawal of ECMO. The average duration 

of ECMO therapy was 14.3±13.9 days and the aver-

age ICU stay was 17.7±13.9 days. A total of 13 pa-

tients (70.6%) were successfully taken off ECMO, and 

11 patients (61.1%) survived.
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Table 4. Oxygenation and hemodynamic parameters

Variable Pre-transport During transport Post-transport

O2 saturation (%) 96.6±2.3 96.9±2.8 97.3±2.8

Mean arterial blood pressure (mm Hg) 97.3±17.6 101.0±17.2 95.2±18.6

Heart rate 124.2±24.9 113.1±26.6 112.4±23.1

Discussion

In most countries, the ECMO transport system is 

operated by the government. However, the cost of 

transporting makes maintenance of this service diffi-

cult, even in advanced countries with well-developed 

EMS systems [5,6]. In South Korea, it is a challenge 

to obtain funds for the establishment and consistent 

operation of an ECMO transport system. Despite the 

increasing popularity of ECMO therapy, an insufficient 

number of medical centers have a well-established 

ECMO transport system in Korea.

In 2011, during the early planning stages, we used 

another country’s system as a model, but it became 

clear that this model could not be applied due to the 

limited resources available at our center, and that it 

would be necessary to develop our own system. We 

initially thought that a province would be appro-

priate as the transport range of our transport system 

due to the accessibility and utilization of medical 

services. Ultimately, we defined the range of ECMO 

transport as the area within 100 km of our hospital, 

and that transportation by ambulance would be the 

most appropriate method. Although a helicopter has 

the advantage of more rapid patient transport, night 

operation is difficult and patients would still need to 

be transported by ambulance to the helicopter land-

ing area since referring hospitals do not have facili-

ties to accommodate the use of helicopters. Additio-

nally, helicopter transport would be extremely costly 

within the transport distance of 100 km. Therefore, 

transport by ambulance was clearly the most appro-

priate and cost-effective choice.

We considered the use of a specialized ambulance 

dedicated to ECMO transport, similar to those used 

in some foreign countries. However, we were forced 

to use a general-service ambulance due to limited 

funds and the economic burden of other options for 

patients. Most patients needing ECMO transport re-

quire the rapid institution of ECMO, and readily 

available general-service ambulances were the appro-

priate choice. To overcome the drawbacks of a gen-

eral-service ambulance, we emphasized the develop-

ment of a simple and efficient transport system that 

would not be influenced by the type or size of the 

ambulance.

Recently, ECMO has been used as a replacement 

for mechanical ventilation [7]. With ‘awake ECMO,’ 

patients with respiratory failure are treated with 

ECMO alone without a mechanical ventilator [8,9]. 

When ECMO is performed, sufficient amounts of O2 

are supplied and CO2 is removed by ECMO. The nota-

ble capacity of the ECMO oxygenator for removing 

CO2 maintains the target blood CO2 without mechan-

ical ventilation in patients with respiratory failure. 

Therefore, patients using ECMO can maintain appro-

priate blood concentrations of O2 and CO2 without 

mechanical ventilation as long as blood flow and gas 

flow are well maintained. In this context, we are able 

to operate our interhospital transport system without 

a mechanical ventilator as long as ECMO flow is suf-

ficiently maintained. In our experience, ECMO trans-

port with Ambu-bag ventilation has been feasible in 

patients with respiratory failure. We have identified 

no difficulty in maintaining proper blood O2 and CO2 

concentrations during transport.

If a mechanical ventilator was required during 

transport, it would be necessary to include more O2 

tanks in the transport vehicle. The time needed to 

prepare the equipment would impede the rapid de-

ployment of a general-service ambulance, and the 

space required for the additional O2 tanks and ven-

tilator would interfere with the activities and number 

of specialists riding aboard the ambulance. We be-

lieve that at least 2 ECMO experts and 2 clinical per-

fusionists with nursing experience are required to 

cope with the problems that may occur during trans-

port. It is more beneficial to the patient’s well-being 

to carry a proper number of transport team special-

ists who can rapidly correct any problems during 

transport than to use the space inside a general- 

service ambulance for a mechanical ventilator.
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In conclusion, our ECMO transport system with 

Ambu-bag ventilation can be considered a safe and 

useful interhospital transport method for respiratory 

failure patients. This interhospital transport system 

can be established without a financial burden on the 

developing organization and is a good alternative op-

tion for ECMO interhospital transport systems in 

Korean hospitals with limited resources. The estab-

lishment of an organized and effective public health 

system is needed for more stable ECMO interhospital 

transport.

This study is restricted in that it involved a limited 

number of patients, and more importantly, this is a 

retrospective and non-comparative study targeting 

high-risk patients, for which the conditions for estab-

lishing a control group were not favorable.
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