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ABSTRACT

Introduction: Transport of patients undergoing extracorporeal membrane oxygenation is currently available in
5 referral centers in our country.

Methods: Retrospective case series of patients managed by our mobile extracorporeal membrane oxygenation
team and transferred to San Gerardo University Hospital from December 2004 to December 2012.

Results: 42 patients were transported. The mean age was 42.11 (standard deviation =+ 18.11) years, with a
range between 2 years and 70. 14 patients were females (33 %) and 28 males (67 % ). The average transport dis-
tance was 121.69 km (£ 183.08) with a range between 9 km and 1044 Km. The mission’s mean time was equal
to 508 minutes (+ 185) with range of 120-960 minutes. 29 patients (69 % ) were transported with extracorporeal
membrane oxygenation support, while 13 patients (31 % ) were transported with conventional ventilation. In 28
patients (97 % ) a veno-venous bypass was utilized, while in one case (3 %) a Veno-Arterial cannulation was per-
formed. 32 patients survived (76 % ) and have been discharged alive from hospital. No major clinical or technical
issues were observed during the transport.

Conclusions: According to our data, we conclude that a dedicated mobile team allowed safe ground transporta-
tion of patients with severe acute lung injury to our tertiary care institution.

Keywords: severe acute respiratory syndrome, extracorporeal membrane oxygenation, transportation of pa-
tients, mobile emergency unit, ECMO.

INTRODUCTION

The in- and out-of-hospital transport of
the critically ill patient is a virtual risk of
adverse clinical events also related to a po-
tential equipment’s failure (1-3). Patient’s
safety is dependant on the adherence to
transport’s protocols (4, 5). Patients af-
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fected by Adult Respiratory Distress Syn-
drome (ARDS) present with hypoxia and
instability of gases exchange, a situation
which may require the use of extracorpore-
al respiratory support (ECMO - Extra Cor-
poreal Membrane oxygenation) as an emer-
gency life-saving therapy or as a protective
strategy to prevent further barotraumas
from mechanical ventilation (ALI - acute
lung injury) (6-10).

In many cases, patients with ARDS should
be referred to an ECMO centre, but the se-
vere and often rapid onset of hypoxia, not
manageable with conventional treatments,
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may not allow for a safe conventional trans-
port (11-14). The General Intensive Care
of San Gerardo University Hospital-Monza
has been working since 1989 as an Italian
ECMO referring centre. Up to 2004, pa-
tients from different hospitals eligible for
ECMO treatment were transported with
conventional ventilation techniques by the
same hospital’s clinical team, increasing in
this way risks related to unsafe transport.

In 2004, inspired by similar programs car-
ried out in other countries, we implement-
ed and put in practice a new program of
ECMO positioning at the reporting ICU
and consequent inter-hospital transport of
these patients (8, 11). The basic team con-
sist of two intensivists, an ICU nurse and

a perfusionist. The aim of this paper is to
present our 8-year experience on inter-hos-
pital transport of patients with severe acute
respiratory failure managed by our mobile
transport team (which also has ECMO ca-
pability).

METHODS

From December 2004 to December 2012
we collected data concerning the activity
of our Mobile ECMO team. All consecutive
patients transferred by our mobile transport
team were included in the study. Clinical
records (Innovian Medical Suite® - Drager
Medical) and manual data sheets were retro-

Figure 1 - Management al-
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entry criteria for ECMO

The intensivist in charge collects clinical information and evaluates

gorithm for the referrals to the
SGH ECMO center. ECMO =
extracorporeal membrane oxy-
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spectively reviewed. Due to the retrospective
observational design of the study, informed
consent was waived, according to Italian
Regulations (AIFA, Directive of March 20,
2008). Data from the first 14 transports
have previously been published (13). All
patient transfers were performed from local
trust to San Gerardo Hospital (SGH) and
subsequently admitted into our 10-bedded
General ICU. The National Health insur-
ance covered the expenses of the transport,
and the average cost was 10.000,00€ +
800,00 per transport (ambulance 720,00 €
+278,00 - staff 2.500,00 € + 780,00 - medi-
cal devices: 6.500,00 € +100,00). The alert
protocol and procedure for patient eligible
for ECMO treatment was based on phone
call to our unit for the first evaluation and
commence for possible transport activation
(Figure 1). Criteria for ECMO team activa-
tion were: reversible respiratory failure,
Pa0O, value < 50 mmHg with FiO, 260 % for
more 12 hours, Lung Injury Score >3; or re-
spiratory acidosis pH <7.2 (13). Exclusion
criteria were: intracranial bleeding/haemor-
rhage, unable to undergoing to hepariniza-
tion, negative prognosis,body weight >130
Kg (logistic and equipment restrictions).
The internal standard procedure, in case of
positive assessment for transport, guarantee
an ECMO crew activation time within 60 to
90 minutes after the distress call. The basic
team includes two intensivists (MD), one
Registered Nurse specialist (RN) and one
perfusionist. When possible, a professional
on training joined the mission for transport
education.

The transportation program began in 2004
based on experience gained by our ICU
staff from in-hospital patient transport on
extracorporeal support (14). Since 1994, in
hospital transfers were performed by a mo-
bilization system able to house all the bio-
medical equipment. This tool underwent
continuous evaluation to optimize logistics
and performance (15).

This device is composed of an x-ray spine
board compatible and multi-storey counter
top. The pulmonary ventilator, the ECMO
pump, syringe pumps and monitoring are
placed on shelves.

The counter top is equipped with an elec-
trical junction box that provides power to
all equipment by a single connection from
the main electricity network. Figure 2
shows the system’s structure and Figure 3

Figure 2 - Transport system used.

A: gas inlet, B: intensive care ventilator, C: centrifu-
gal pump - Consoles, D: vital signs monitor, E: water
Pump Heater, F: spine board , G: syringe pumps, H:
extracorporeal membrane oxygenation (ECMO)
pump head, I: head of centrifugal pump.

Figure 3 - Patient seated for transport.
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shows the possible transport solutions. In
order to use this system and to perform out-
of hospital transports more effectively, a
specifically adapted emergency ambulance
should be present: it should be able to meet
the special needs related to an extra power
supply and medical gases storage.

The White Cross of Carugate (Milano)
provided us, through a special agreement,
all the ambulances used during this study
period. The vehicles are based on Renault
mechanics (Master model®) and all the tech
features are reported in Table 1.

The gas circuit has 4 connections: 2 for ox-
ygen and 2 for compressed air (UNI grafts),
controlled by an electronic unit with auto-
matic switching from one cylinder to an-
other. A gas monitoring and alarm system
is in situ to check the working pressure
and the residual gas availability. In case of
electric failure it is possible to switch into
manual pneumatic dispensing delivery of
the gases.

In order to reduce risks and guarantee the
best comfort during transfer from ground
to ambulance floor, the vehicle is equipped
with a stretcher supported with hydro
pneumatic suspension (model: STEM-Piu-
ma”®).

In addition to oxygen and compressed air,
it is possible to deliver nitric oxide via cyl-
inder 10 L volume/200 ATM pressure via a
nitric system. An additional vehicle trans-
ports the rest of the crew and equipment.
All the equipment required to perform the

cannulation and transport has been split
into three bags. All the materials (Table 2)
are stored, checked and sealed before every
transport.

For all eligible ECMO patients, heparin-
ized tubing set (BIOLINE coated”) by MA-
QUET Holding GmbH & Co. KG-Germany
(mod. PLS-BE or HLS-BE) was used. The
percutaneous cannulas used are produced
by MAQUET (multistage series BEPVL
55 c¢m) and Medtronic Inc. U.S.A (Mod.
CB96605).

As far as the veno-venous support (two-
sites approach) is concerned, a drainage
percutaneous cannula-multistage type was
usually positioned in the left femoral vein
and a percutaneous no multistage-cannula
type was used for the reinfused blood, to
avoid blood recirculation.

Two types of centrifugal pump have been
used: Rotaflow® and Cardiohelp® System.
The first choice was the two-site veno-ve-
nous approach to allow for quick weaning
from sedative drugs and an early mobili-
zation of the patient (9). All the cannula-
tions were performed via percutaneous
approach, using real-time ultrasound and a
dilatation modified technique to reduce the
enlargement stages (16).

At the time of arrival of the ECMO team,
the following procedures were carried out :
patient assessment and optimization of the
ventilator setting (recruitment manoeu-
vre, lung protective ventilation with tidal
volumes < 6ml/Kg, trial of inhaled Nitric

Table 1 - Technical data of ambulances used in inter-hospital transports.

Technical data:

1 | Electrical system (220V): Main Inverter 2000 Watt - Secondary (emergency) Inverter: 1800 Watt

2 | Oxygen supply at 4 bar (gas availability 7200 L)

3 | Compressor for medical air delivered at 4 bar

4 | Central vacuum system: pressure delivered: - 400mmHg)

5 | Hot and cold portable refrigerator

Heart, Lung and Vessels. 2014, Vol. 6

265



A. Lucchini, et al.

266

Oxide, apparatus dead space reduction by
removal of mount connector or HME (heat
and moisture exchange), close suctioning
system and continuous EtCO, monitoring)
(17-19), to evaluate the safety and feasibili-
ty of patient transport with “conventional”
ventilation (i.e. without ECMO). Criteria
for transport with “conventional” ventila-
tion were: pO, > 90 mmHg with FiO, = 1,

Table 2 - Equipment, devices, and spare materials.

pCO, <65 mmHg and positive end-expira-
tory pressure (PEEP) < 20 cmH,O.

If these criteria were not met or in case for
any reason a transport with “conventional”
ventilation was not judged safe, an ECMO
support was started on site and the patients
were transferred on ECMO.

After the ECMO support has been estab-
lished, the minute ventilation is gradually

Backpack 1:
cannulation material

Backpack 2:
extracorporeal circuit material

Backpack 3:
emergency support material

Vessel dilators 6-28 Fr
(Cook Medical Europe)

Percutaneous venous cannulas
(25, 23, 21, 19 Fr) 2 for each
diameter (Maquet® and Medtronic®)

Disposable face masks, ETtubes
(6-8.5 mm), laryngeal mask airway
(3-5), connectors (Covidien®)

Vessel Coons dilatators
14-22 Fr.
(Cook Medical Europe)

Percutaneous arterial cannulas
(15, 17) 2 for each diameter
(Maquet®)

Laryngoscope and blades

Needles for vascular cannula-
tion (Cook Medical Europe)

2x ECMO membrane lung and cir-
cuit (pre-assembled) (Maquet®)

CRP material + emergency drugs

Heparin coated Connectors
3/87x3/8” (Maquet")

ECMO (heparin coated) additional
tubing (Maquet®)

Vascular arterial, venous catheters,
connectors (Arrow”)

2 x 180 cm stiff vascular guide-
wires

Sterile priming solution
(Ringer lactate)

Percutaneous thoracic draining
set and connectors
(Cook Medical Europe)

3 x 180 cm vascular guidewires

Three-way stopcocks (Maquet®)

IV fluids (colloids and crystalloids)

US special gel for centrifugal pump
flowmeter (Maquet®)

Additional support material

Spine board, Gas connector
for the ambulance (Ferno®)

Electrical adaptor for all electrical
connectors

Bio Medical electrical equipment

Steel cart Oxygen tanks

ICU portable monitor
(Mod. HeartStart MRx, Philips®)

Steel cart Nitric oxyde tank

ICU ventilator
(Maquet Servo I® or Drager
Evita XL with battery pack)

Activated clotting time portable ana-
lyzer (Hemocron® ITC)

ECMO centrifugal pump
(Rotaflow”, Maquet®)

Nr. 4 Syringe & Nr. 2 volu-
metric
Infusional pumps

ECMO water heater
(Maquet®)

ECMO emergency (manual) drive
(Maquet®)

Suction system portable
(Ferno®)

Portable ultrasound
(mod Vivid-e, General Electric®)

Portable ABG analyzer
(Mod. I-Stat®, Burke & Burke®)

Fr. = French; CPR = cardiopulmonary resuscitation; IV = intra-venous; ICU = intensive care unit; ECMO =
extracorporeal membrane oxygenation; ABG = arterial blood gases.
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reduced through respiratory rate decrease,
according to end-tidal CO, values and lat-
er a blood gas sample is performed. PEEP
level and inspiratory/expiratory cycling are
settled to avoid any unplanned reduction
in the mean airways pressure. When the
ECMO circuit, ventilation setting and car-
diovascular parameters are stabilized, the
nurse prepares the patient and all devices
for the transport: all the Intra Venous (IV)
lines are replaced with needless valve lines,
the IV lines extension used are polyure-
thane 250 cm long. After this procedure,
all medical devices are placed in the follow-
ing order: ECMO pump, membrane lung
fixation support plus swivel joint-bracket,
stand alone unit (manual drive), heater
unit, pulmonary ventilator and monitor-
ing. While these processes were performed,
the pulmonary ventilator was supplied
with the gas available at patient bed space
(inside backpack 2 are present all the air/
oxygen joint adapter available in the Ital-
ian hospitals). Only when the patient was
settled, the gas delivery was switched from
main to cylinders delivery.

Connection to main electrical and gases are
tested in ambulance prior the departure.
Statistical analysis. Data are presented as
mean + standard deviation or with medi-
an and interquartile range (IQR). Recorded
data were compared using the two-tailed
paired t test date (SPSS version 19. Inc.,
Chicago, USA). Differences were consid-
ered significant when p < 0.05.

RESULTS

42 patients were transported. The mean
age was 42.11 (SD + 18.11) years, with a
range between 2 years and 70. 14 patients
were female (33%) and 28 males (67%).
The average transport distance was 121.69
km (SD + 183.08) with a range between 9
Km and 1044 km. The mission’s mean time

(departure from and back to SGH) was
equal to 508 minutes (+ 185 with range of
120-960 minutes). The longest distance of
1044 km was performed by transportation
of the ambulance and team on the ‘Hercu-
les C 130’ aircraft provided by the Italian
Air Force. No mission was postponed or
cancelled due to organizational failure or
extreme weather conditions. Table 3 shows
the features of patients.

At the moment of arrival of the ECMO team,
the average pO, was 64.96 mmHg (+ 18.15),
pCO, was 70.71 mmHg (SD + 22.06) and pH
was 7.27 (£0.18). After the optimization
of ventilation an improvement in oxygen-
ation parameters (average pO,= 91.26 +
29.85 mmHg, pCO, = 60.53 +20.07 mmHg)
was registered in 13 patients (31%): these
patients were transferred with “conven-
tional” ventilation, without any need for
ECMO implementation.

In the remaining 29 patients (69%), op-
timization of ventilation did not result
in an improvement of gas exchanges
(pO,=61.45+15.61 mmHg and pCO,
70.65 +23.26 mmHg): in these subjects an
ECMO support was instituted on site and
they were transferred on ECMO to SGH.
In 28 cases (97 % ) a veno-venous, approach
was positioned while in one patient (3%) a
Veno-Arterial cannulation was performed
for cardiovascular support, due to simulta-
neous presence of ARDS and cardiogenic
shock. The two sites of cannulation were
the following: veno-venous femoral/femo-
ral in 24 patients (84 %), in one patient
only femoral/jugular (3% ) and in 3 paedi-
atric patients (10 %) a double lumen jugu-
lar cannula 15 FR was placed.

For the Veno-Arterial support (3% ) femo-
ral vein-artery were cannulated. The aver-
age Blood Flow was 2.96 Lt/ min (SD + 0.93
- range: 0.6/4.3), and an average Gas-Flow
average equal to 3.27 L min ( + 1.47 - range:
1-6). No adverse events happened during
all the cannulation’s performance.
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268 Table 3 - Population characteristics.
Pt | Year | Diagnosis Age | Gender | Distance | Mission | Ecmo |Type | Route Icu Los | Outcome
n. (vears) (Km) | time of Ecmo | Ecmo (days)
(min) cannulas

1 |2004 | bacterial pneumonia | 32 F 352 960 yes |V/V F/F 88 death

2| 2006 | bacterial pneumonia | 41 M 24 450 yes  |V/V F/F 22 Hospital discharge
3 | 2006 | bacterial pneumonia | 66 F 26 450 yes  |V/V F/F 2 death

4 12007 | bacterial pneumonia | 52 M 37 540 yes  |VV F/F 11 death

5 | 2007 | toxic pneumonia 36 M 319 880 yes | V/V F/F 3 death

6 |2007 | bacterial pneumonia | 49 M 24 yes | V/V F/F 14 Hospital discharge
7 | 2007 | bacterial pneumonia | 58 M 4 600 yes | V/V F/F 18 Hospital discharge
8 | 2008 | liver transplantation |2 M 49 430 yes | V/V bilumen Jug |39 death

9 12009 | bacterial pneumonia | 26 M 42 315 10 - - 9 Hospital discharge
10 | 2009 | viral pneumonia 36 M 143 520 10 - - 9 Hospital discharge
11 | 2009 | viral pneumonia 25 M 198 630 yes | V/V F/F 34 Hospital discharge
12 {2009 | viral pneumonia 2 F 137 720 yes | V/V bilumen Jug |30 Hospital discharge
13 | 2009 | viral pneumonia 28 F 318 750 yes | V/V F/F 26 Hospital discharge
14 | 2009 | viral pneumonia 43 M 237 770 yes | V/V F/F 3 death

15 {2009 | viral pneumonia 42 F 37 450 yes | V/V F/F 77 Hospital discharge
16 {2009 | viral pneumonia 52 M 9 465 yes | V/V F/F 14 Hospital discharge
17 | 2010 | viral pneumonia 18 F 35 450 yes | V/A F/F 24 Hospital discharge
18 | 2010 | hacterial pneumonia | 4 F 57 385 yes | V/V bilumen Jug | 24 Hospital discharge
19 | 2010 | viral pneumonia 4 M 35 315 10 - - 12 Hospital discharge
20 | 2010 | pulmonary tuberculosis | 22 M 54 285 10 - - 126 Hospital discharge
21 | 2010 | viral pneumonia 70 F 35 120 10 - - 19 Hospital discharge
22 | 2010 | viral pneumonia 55 M 454 840 10 - - 10 Hospital discharge
23 | 2010 | bacterial pneumonia | 46 F 21 360 yes | V/V F/F 33 Hospital discharge
24 | 2010 | viral pneumonia 50 M 35 405 yes | V/V F/F 1 Hospital discharge
25 | 2011 | viral pneumonia 49 M 49 360 10 - - 35 Hospital discharge
26 | 2011 | viral pneumonia 57 M 40 540 yes [ V/V F/F 25 death

27 | 2011 | viral pneumonia 53 F 274 690 yes | V/V F/F 8 Hospital discharge
28 | 2011 | viral pneumonia 36 F 1044 870 yes | V/V Jug/F 29 Hospital discharge
29 | 2011 | viral pneumonia 62 M 57 480 10 - - 9 Hospital discharge
30 | 2011 | viral pneumonia 59 M 35 480 yes  |[V/V F/F 16 Hospital discharge
31 | 2011 | viral pneumonia 44 F 124 510 yes | V/V F/F 22 Hospital discharge
32 | 2011 | viral pneumonia 56 M 66 510 yes  |VV F/F 10 death

33 | 2011 | viral pneumonia 44 M 19 330 10 - - 9 Hospital discharge
34 | 2011 | bacterial pneumonia | 15 M 267 585 10 - - 6 Hospital discharge
35 | 2011 | bacterial pneumonia | 18 F 9 390 yes  |V/V F/F 30 Hospital discharge
36 | 2011 | bacterial pneumonia | 60 M 16 450 yes |V F/F 35 Hospital discharge
37 | 2011 | bacterial pneumonia | 23 M 57 430 10 - - 19 Hospital discharge
38 | 2012 | trauma 68 M 48 300 10 - - 8 discharge to other ICU
39 | 2012 | viral pneumonia 53 M 27 300 10 - - 20 Hospital discharge
40 | 2012 | trauma 25 M 57 330 yes |V F/F 122 death

41 | 2012 | bacterial pneumonia | 62 F 173 540 yes  |V/V F/F 25 Hospital discharge
42 | 2012 | bacterial pneumonia | 47 M 9 360 yes | V/V F/F 9 Hospital discharge

V/V = veno-venous Ecmo; V/A = veno-arterial Ecmo; F/F = femo-femoral cannulation; Jug/F = jugular/femoral
cannulation; bilumen Jug = double lumen Jugular cannula; Icu Los : intensive care unit lenght of stay.
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Table 4 - Clinical characteristics of the enrolled patients.

Alllpatients Patien_ts transferred Patitfnts transferred
with ECMO without ECMO
mean + SD (range) mean + SD (range) mean + SD (range)
Age (years) 41,12 | + | 18,11 | (2-70) 40,10 | + 18,31 |(2-66) 43,38 | + [18,17 | (15-70)
Distance (Km) 121,69 | + [ 183,08 | (9-1044) 131,86 | + [204,82 | (9-1044) 99,00 | + [125,79 | (19-454)
Global time (min) 518,13 | + | 176,12 | (285-960) | 557,68 | + | 168,05 | (330-960) 425,83 | + | 165,47 | (285-840)
ICU LOS (days) 26,75 + 28,51 |(2-126) 26,90 | + 26,56 |(2-122) 26,36 | + | 34,56 | (6-126)
alive/died 33/9 (79% -21%) 20/9 (69% -31%) 13/0 (100% - 0%)
ECMO
Blood Flow ( 1t/min) 2,96 + (0,93 [(0,6-4,3)
Gas Flow (It/min) 327| + (147 | (1-6)
ECMO days 18,21 + 22,96 | (2-116)
ABG - Baseline - ECMO team arrival
pO" Dbaseline 64,96 | + | 18,15 |(27-112) 61,45| + 15,61 |(27-92) 91,26 | + |29,85 |(40-112)
pCO baseline 70,71 | £ (22,06 | (35-115) 70,65 | + 23,26 | (35-115) 60,53 | + [20,07 | (50-90)
pH baseline 7,27| £ 10,18 (6,80-7,53) 7,28 | + (0,19 (6,80-7,53) 7,25| + 10,15 (7,09-7,38)
ABG - After ECMO (30 min) - before transport
pO“ after ECMO 85,82 | + | 16,30 |(60-105) #
pCOq after ECMO 49251 + | 7,98 (36-60) §
pH after ECMO 7,38| + (0,05 [ (7,30-7,44)8
ABG - After transport - SGH ICU admission
qu after transport 106,13 | + |44,83* | (54-273) 92,67 | + (25,96 |(54-154)$ 129,92 | + |60,54* | (63-273)
pCO after transport | 47,58 | + |9,06% | (30-65) 4811 + [ 7,79 | (32-60)$ 46,65| + [11,27* | (30-65)
pH after transport 7,38 | + 0,068 |(7,28-7,48) 7,38 | + (0,06 (7,28-7,48)$ 7,37| £ [0,05% |(7,32-7,46)
Heart rate 99,81 + (27,95 |(60-166) 101,08 | + | 26,47 |(66-150) 97,46 | + 31,48 |(60-166)
SABP (mmHg) 109,57 | + [ 17,31 | (65-143) 112,58 | + 16,11 | (90-143) 104,00 | + 18,69 | (65-130)
dABP (mmHg) 70,62 | + | 14,78 | (40-100) 7342 | + (14,92 | (45-100) 65,46 | + | 13,59 | (40-90)
mABP 73,65 | + 30,50 |(58-114) 71,56 | + | 35,82 |(60-114) 78,31 | + [12,26 | (58-100)
Squ 96,86 | + [2,73 (88-100) 96,67 | + [ 2,81 (88-100) 97,23 | + 12,65 (90-100)
Ventilation (SGH ICU admission)
Respiratory rate 16,08 | + [ 7,89 (6-32) 11,33 | + [ 3,67 (6-22) 2485 £ (5,71 (10-32)
Tidal volume (ml) 330,97 | + [ 118,96 | (35-510) 290,25 | + [122,96 | (35-500) 406,15 | + | 63,52 |[(273-510)
FiOn 90,81 | + [ 12,72 | (50-100) 92,92 | + 12,59 | (50-100) 86,92 | + [12,51 |(60-100)
PEEP (cmH 0) 16,50 | + |3,84 | (10-25) 16,74 | + [3,80 | (10-25) 16,08] + |4,01  |(10-22)
ICU Ventilation days 2429 | + (2585 |(3-122) 22,00 + [30,91 |(4-120)

Baseline = 30 minutes before ECMO; ECMO = at 60 minutes after initiation, SGH ICU admission: param-

eters at the end of transport when patients were admitted at SGH general ICU.

SD = standard deviation; SABP-dABP-mABP: systolic, diastolic and medium Arterial Blood pressure; ABG =
arterial blood gas analysis, ICU LOS = intensive care unit lenght of stay; ECMO = extracorporeal membrane

oxygenation; PEEP = positive end-expiratory pressure.
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For 28 (67%) transports, transfer pulmo-
nary ventilator EVITA® (4 or XL - Driger
Medical) were used, while in 13 cases
(31%) SERVO I* Maquet ventilator was the
choice; and only for the first transport the
Siemens SERVO 300° ventilator was used.
The median number of syringe pumps used
during transport was 4 (IQR 3-4/range 2-6).
The median number of inotropic drugs (Do-
pamine, Dobutamine, Norepinephrine) ad-
ministered during transport was equal to 1
(IOQR 0-1/range 0-1).

We did not report any morbidity or mor-
tality due to the transport or to the ECMO
support on transfer.

The following complications were observed:
in one patient battery failure of Evita XL®
ventilator during transport from the ICU to
the ambulance; in another case it was diffi-
cult to obtain an acceptable extracorporeal
flow due to the patient’s position and it was
necessary to stop the ambulance to reposi-
tion the patient. No patient required trans-
fusion of blood products during transport.
The average days on ECMO were equal to
18.21 (£22.96 - range 2/116). The aver-
age length of stay in ICU was 26.07 days
(£27.96 - range 2/126). 33 patients (79 %)
were discharged alive from SGH, 9 died in
the ICU (21%).

All patients who died were transported
with ECMO support: no patient died dur-
ing transport, but they all died while still
on ECMO. In the group of patients who re-
quired ECMO support, a subgroup analysis
was performed to investigate differences
between survivors and non-survivors with
regard to: pre-ECMO ventilation days, days
on ECMO and length of hospital stay.

The only statistically significant difference
was observed in the duration of mechani-
cal ventilation before the activation of the
ECMO team: in survivors the median of
pre-ECMO ventilation days was 2 (IQR:1-
4) while in non-survivors was equal to 8
days (IQR:3-13) (p=0.04).

Table 4 collects data of all patients related
to pre-transfer, data collected on arrival to
SGH and the ones related to patients trans-
ferred on ECMO versus no ECMO support.

DISCUSSION

The early commence of ECMO support
provides an extra source of recovery for
patients who develop an acute respiratory
failure not responding to standard strategy
of care; furthermore for long ventilated pa-
tients, the ECMO support let to perform
respiratory tidal volume less than 6 ml/kg
and low respiratory rate.

Many patients referred for ECMO treat-
ment cannot take benefits from this ad-
vanced support due to high risks of death
related to an ordinary transfer based on
standard respiratory setting.

Implementing the ECMO cannulation stan-
dards outside of SGH required several steps.
The first transport required two days of
preparation to assemble the equipment and
suitable staff.

The ambulance choice required a strict col-
laboration between ICU staff, ambulance
crew and the SGH medical physics dept.,
to get through/to rule out all the techni-
cal issues related to the vehicle (electricity
power supply and medical gas circuit).

The nursing staff that carried out the trans-
port was trained on fieldwork by tutoring,
which was held after the first transport, ac-
cording to the literature (20, 21). In order
to be qualified for transport, these are the
minimum requirements: two years experi-
ence in ICU, 2 in hospital cannulation, 2
in intra-hospital transport experience and
two out of hospital missions supervised by
a qualified nurse.

The nursing staff education (theoretical
and practical) was managed by the head
nurse and a senior qualified nurse.

To sort out the mission different paper-
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work (flow charts and checklists) were cre-
ated in order to verify the equipments (22,
23).

Patients included in this report had an av-
erage severe hypoxia (pOZ: 64.96 + 18.15
mmHg). Despite their respiratory instabil-
ity, the cardiovascular status of patients
was stable. The transport described above
requireed a great preparation time com-
pared with traditional techniques.

Benefits of this system involve the ab-
sence of extra adjustments after this stage,
so patient will be ready to be transported
straight to ambulance, furthermore after
positioning in the back, there is no need to
rearrange any equipment (syringe pumps
,circuit, ventilator) because they are al-
ready settled, reducing the time of transfer
and possible complications according to the
literature (13, 14).

All the equipment’s packs for transport are
dedicated to ECMO transports only (24). It
makes easier to perform the quality checks
and battery packs levels. These are relevant
facts, identified as the most responsible in
the case of adverse events such as battery
failure (25, 26).

Finally, it is important to point out our at-
titude and confidence, as referral centre, in
using intensive care ventilators to perform
ECMO transport compared with dedicated
transport’s ventilator (27, 28).

Our choice is related to an operating prin-
ciple of veno-venous circuit. With a severe
hypoxic patient due to ARDS, the oxy-
denation is strictly related to the amount
of blood volume able to get trough the gas
exchange membrane surface (natural and
artificial lung).

In case of high cardiac output, not unusual
in patients with ARDS, just a portion of
the total flow could pass through the arti-
ficial membrane lung. The average Blood
Flow of the subjects investigated was equal
to 2.96 L/min (+0.93).

It means that a certain part of the blood

flow should be oxygenated via the natural

lung. In order to perform advanced respira-

tory care with high levels of PEEP despite a

very poor compliance, it is essential to use

high performance ventilators able to get ad-

vanced ventilation settings, allowing to mix

them as well (Volume guaranteed steady

pressure” - CPPV Autoflow®, Sigh option on
control ventilation®) and with high air-op-
erating performance. The average level of

PEEP during missions was equal to 16.50

(£3.84) cm H,0.

Our results confirm two important findings

reported in the recent literature:

a) transfer to a tertiary-level ICU with
ECMO capability has a positive impact
on patients’ outcome (30);

b) since the number of ventilation days be-
fore ECMO institution is clearly related
to survival, it is of paramount impor-
tance that all patients deemed eligible for
ECMO treatment are referred as early as
possible to a specialized ICU. These data
is similar to those published by all cen-
ters related to Italian “ECMOnet” (12).

In addition, it must be underlined the im-
portance of clinical stabilization of the pa-
tients before transport (29).

The number of adverse events observed in
our patients during transport were com-
parable to those reported by other centers
or networks that have implemented simi-
lar programs aimed at the centralization of
ECMO candidates (7, 8, 12, 30).

Limitations

The main limitation of this study is related
to retrospective analysis.

Data were collected from medical records
and it was not possible to get back all the
clinical data for each patient prior to ambu-
lance transfer.

For this reason, we could not compare the
different subgroups with regard to severity
scores (like SOFA or APACHE) or to the
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incidence of other comorbidities. Howev-
er, our goal was only to report our 8-years
experience of inter-hospital transportation
of critically ill patients and to demonstrate
the safety and feasibility of a “Mobile
ECMO team” program. We are now per-
forming a prospective study with capillary
recording of all relevant clinical variables,
in order to perform adequate comparison
between different groups of patients; in ad-
dition, we are planning to perform a fol-
low-up analysis to investigate the quality
of life of surviving patients.

CONCLUSION

Analysis of risk factors and a plan for ac-
tions allow to improve a program for
ECMO transport of persons affected by
ALI or ARDS to a referring centre.

In order to achieve this goal, four factors
seem to be crucial: identification of a ve-
hicle with specific tech features, systematic
and precise settings of equipment, a tool-
system to sort out equipment and a dedi-
cated training program for nurses involved
in these missions.
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