Maria Grazia Calabro, Federico Pappalardo,
and Alberto Zangrillo

22.1 Introduction

In adult patients with respiratory failure refractory to conventional treatment,
ECMO represents a potentially lifesaving option, and the CESAR trial indeed indi-
cated that significantly more patients with severe ARDS survived without severe
disability if they were transferred to a single ECMO center compared with patients
who were managed conventionally at remote hospitals [1, 2]. Nevertheless, several
questions still remain to be considered when figuring out a national ECMO network
with a structured interhospital transport.

ECMO is a supportive therapy that ensures gas exchange and systemic perfusion,
sustains the life of the patient when lung function and the native heart are danger-
ously compromised, and therefore should be considered to facilitate safe transfer
from outlying hospitals to referral centers.

Interhospital transportation of critically ill patients to referral centers is required
when local resources and technology are insufficient for adequate management.
Moreover, many patients requiring transfer are often too unstable to undergo con-
ventional transport [3]. Cannulation is performed on site by the retrieving team, and
the patient is stabilized before transportation. The process requires a specialized
team and resources dedicated to retrieval. Therefore, as ECMO is an invasive, inten-
sive form of support, it requires considerable institutional commitment.
Consequently, its use is advocated only in those patients believed to be at substantial
risk of death.

In Australia and New Zealand, during the 2009 influenza A(HIN1) winter pan-
demic, there was a large increase in the use of ECMO for ARDS in patients com-
pared with the winter of 2008, which was predominantly explained by the high
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number of patients who were transported on ECMO. Despite their illness severity
and the prolonged use of life support, most of these patients survived [4].
Establishing explicit criteria for patient selection, timing of ECMO initiation,
and optimal and safe application are first steps toward the validity of ECMO for
adults with ARDS.
Could a network organization based on preemptive patient centralization allow a
higher survival rate of patients with severe ARDS?

22.1.1 Network Organization

The recent epidemics, severe acute respiratory syndrome (SARS) and pandemic
influenza A H1N1, have highlighted the potential for respiratory viral infections to
cause severe disease with a significant risk of mortality. However, several other
viruses cause significant respiratory morbidity annually and have the potential to
produce epidemics [5].

Mortality can be reduced by adequate preparation, preventive measures, and spe-
cific plans for the organization of ICU services. The European Society of Intensive
Care Medicine Task Force suggested recommendations and standard operating pro-
cedures for the ICUs [6].

In 2009, the Italian Ministry of Health established a national network of selected
ICU centers, the Extracorporeal Membrane Oxygenation Network (ECMOnet), and
ensured economical, human, and technological resources. Two competent physi-
cians guided ECMOnet organization and development. The ECMOnet organization
is officially operational since November 5, 2009. The Italian network was set up to
centralize all potentially severe patients in a limited number of tertiary hospitals to
provide advanced treatment options including ECMO and identify predictors of
mortality in order to define the best timing of ECMO institution.

The network consisted of 14 ICUs with ECMO capability and a national call center.

The ICU centers were selected based on their (1) experience in treating ARDS
patients, (2) experience in respiratory ECMO or presence of a cardiac surgery team
expert in ECMO, and (3) territorial distribution. Five centers ensured the interhos-
pital transport through the whole Italian territory whenever the nearest ECMOnet
center could not handle a case. The national ECMOnet Call Center Service screened
all requests from any hospital in Italy and directed them to the closest ECMOnet
center and/or to the transportation ECMO team.

Sessions of ECMO training course, open to physicians, perfusionists, and nurses
of the ECMOnet, were organized [7].

22.1.2 Patient Selection and Referral to the ECMOnet

National recommendations and procedures for patient referral to the ECMOnet
(Table 22.1 and Fig. 22.1) and ECMO eligibility criteria (Table 22.2) were enacted
by the Italian Ministry of Health and communicated to all local sanitary authorities
and to the administration of all Italian hospitals.
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Table 22.1 Recommended
national clinical criteria for
early patient centralization

Originating
Hospital (OH)

From primary and secondary hospitals to tertiary hospitals
with ARDS treatment experience
Suspected HIN1 infection with one of the following:
1. Need for invasive mechanical ventilation with PEEP
2. FiO, >0.6
From any non-ECMO center to ECMOnet centers
Suspected HIN1 infection with one of the following:
1. HbO, <85 %
2.01>25
3. PaO,/FiO, <100 with PEEP >10 cm H,O
4. Hypercapnia and respiratory acidosis with pH <7.25

5. SvO, or SvcO, <65 % despite Ht >30 and administration

of vasoactive drugs

PEEP positive end-expiratory pressure, FiO, inspired oxygen
fraction, HbO, oxygenated hemoglobin, PaO,/FiO, arterial partial
pressure of oxygen to FiO, ratio, OI oxygenation index (computed

as FiO, x mean airway pressure x 100/Pa0,)

\
Closest available
ECMO center (EC)
NO . . .
Need to transfer? Maintain daily c_ontact
for consultation
Yes
No No
[ Transportable by OH? ]—> Transportable by EC? —
Yes l
Yes { On site assessment ] On-Call National
transpor team
Transfer to Yes Transfer safe ’
ECMO center without ECMO?
No

Daily assessment Yes
‘ for ECMO criteria Start ECMO

Fig. 22.1 Management algorithm for the referrals to the Italian ECMOnet system
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Table 22.2 Recommended national clinical criteria for ECMO eligibility

ECMO inclusion criteria
All adult and pediatric patients with severe ARDS related to suspected influenza A(HIN1)
presenting with at least one of the following criteria despite the use of available rescue
therapies:

1. 01 >30

2. Pa0,/FiO, <70 with PEEP >15 cm H,O (in patient already admitted to one of the

ECMOnet centers)

3. PaO,/FiO, <100 with PEEP >10 cm H,O (in patients still to be transferred)

4. pH <7.25 for at least 2 h

5. Hemodynamic instability
ECMO exclusion criteria
Absolute

1. Intracranial bleeding or other major contraindication to anticoagulation

2. Previous severe disability

3. Poor prognosis because of the underlying disease (i.e., unresolved malignancy)
Relative

1. MV >7 days

PEEP positive end-expiratory pressure, FiO, inspired oxygen fraction, PaO,/FiO, arterial partial
pressure of oxygen to FiO, ratio, Of oxygenation index (computed as FiO, x mean airway pressure
x 100/Pa0,), MV mechanical ventilation

If required, an ECMOnet team (2 ICU physicians, 1 perfusionist, 1 ICU nurse)
traveled to the referring hospital to take care of the transfer. After an attempt to sta-
bilize/improve the status of the patient, the ECMOnet team would decide to either
transport the patient conventionally or establish ECMO at the referring hospital.
Transportation was carried out via ambulance, helicopter, or fixed-wing aircraft,
depending on distance, weather conditions, and ECMOnet center resources [7].

22.1.3 ECMO Team, Ventilator Management, and Safety

The ECMO retrieval team must be very skilled and equipped for both venovenous
VV ECMO and venoarterial VA ECMO. Percutaneous peripheral VV ECMO is pre-
ferred when cardiac function is adequate or mildly depressed. Patients should always
be initiated on VV and eventually transitioned to VA ECMO if cardiac support is
required. Vessel cannulation for VV ECMO can be configurated in several ways:
dual-site or single-site approach. Beyond the hemodynamic instability, the ECMO
team also will have to assess other conditions such as severe obesity and bleeding.

Some basic facilities are required in peripheral hospitals to ensure safety: echocar-
diography, fluoroscopy, surgery, and blood bank. The use of a bicaval dual-lumen
cannula is recommended only if a safe environment is available [8]. Settings of
mechanical ventilationfor patientson VV ECMO should minimize ventilator-associated
lung injury and permit higher degrees of protective lung ventilation.

Initiation and target for anticoagulation during transport depend on the availabil-
ity of ACT. Bleeding should be thoroughly assessed before leaving the remote
hospital.
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22.1.4 ECMOnet Activity

Between August 2009 and March 2010, 153 critically ill patients with suspected HIN1
were admitted to the ICUs of the 14 ECMOnet centers, of which 81 patients were
referred from other hospitals. 71 patients were transferred by ambulance (19 on ECMO),
8 by helicopter (all on ECMO), and 2 by fixed-wing aircraft (1 on ECMO). All patients
were transported successfully and without complications to the referral hospital.

Sixty patients (median age 39.7+12, 60 % were male) received ECMO (59
VV ECMO and 1 VA ECMO) according to ECMO eligibility criteria. All patients
fulfilled criteria for ARDS. Median duration of MV (mechanical ventilation) before
ECMO was 2 (1-5) days in patients with confirmed HIN1 (ARDSy;n;) and 8 (1-14)
days in patients with other causes of ARDS (ARDS,;). Before ECMO, 42 patients
(70 %) had received at least one “rescue therapy” (recruitment maneuvers, prone
positioning, high-frequency oscillatory ventilation, inhaled nitric oxide, vasoactive
drugs, steroid therapy). There were no statistically significant differences between
ARDSyn; and ARDS ., in terms of severity of respiratory failure, treatment, and
nonrespiratory organ function before ECMO.

Survival to hospital discharge in patients receiving ECMO was 68 %. Survival of
patients receiving ECMO within 7 days from the onset of mechanical ventilation
was 77 %. Survival rate in patients transported on ECMO was 81 %. There were no
statistically significant differences between patients transported on ECMO and
patients starting ECMO at the ECMOnet center in terms of severity of respiratory
failure, treatment, and outcomes. The length of MV prior to ECMO was an indepen-
dent predictor of mortality.

Among the 60 patients who received ECMO, 49 (82 %) ARDSyx; presented a
survival rate of 71 %, the remaining 11 (18 %) ARDS ., presented a survival rate
of 54 %. The median duration of ECMO support was 10 (7-17) days in ARDSy
and 8 (3-21) days in ARDS ..

Sixteen patients had hemorrhagic complications, and in 10 of them, a major
bleeding event occurred, requiring blood transfusions and temporary reduction or
suspension of anticoagulation. One patient died of cerebral hemorrhage diagnosed
2 days after cannulation. Blood components were transfused in 47 (78 %) patients.

Multiple organ failure associated with sepsis was the most common cause of
death (53 %), followed by septic shock (26 %). All nonsurvivors were still on
ECMO at the time of death [7].

22.1.5 ECMOnet Score

All baseline patient characteristics, clinical parameters, and vital signs before
ECMO initiation were tested by univariate analysis. Using multivariate analysis, we
identified five statistically significant predictors of death: preECMO hospital length
of stay, bilirubin value, creatinine level, hematocrit value, and systemic mean arte-
rial pressure.

The ECMOnet score was developed based on these variables. With the aim to be
as intuitive as possible, the score was constructed to give a result between 0 and 10
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Table 22.3 The ECMOnet

Parameter Partial score
score PreECMO hospital length of stay (days)
<3 0.5
4-7 1
8-11 1.5
>11 2
Bilirubin (mg/dl)
<0.15 0
0.16-0.65 0.5
0.66-1.15 1
1.16-1.65 1.5
1.66-2.15 2
>2.15 2.5
Creatinine (mgldl)
<0.5 0
0.51-0.8 0.5
0.81-1.10 1
1.11-1.14 1.5
1.41-1.7 2
1.71-2.0 2.5
2.01-2.3 3
>23 3.5
Hematocrit (%)
>40 0.5
3640 1
31-35 1.5
<30 2
Mean arterial pressure (mmHg)
>90 0
61-90 0.5
<60 1

ECMO extracorporeal membrane oxygenation

(Table 22.3). Thus, the number resulting from score calculation can be easily associ-
ated with the mortality risk. A score of 4.5 was found to be the most appropriate cutoff
for mortality risk prediction. The high accuracy of the ECMOnet score was further
confirmed by ROC analysis and by an independent external validation analysis [9].

22.2 Comment

The role of ECMO in ARDS is now well-defined: ECMO support should be consid-
ered in patients with respiratory failure refractory to conventional therapy not only
to ensure gas exchange but also to minimize ventilator-associated lung injury and its
associated multiple organ dysfunction, both crucial determinants of survival for
patients with ARDS. Several reports demonstrated that ECMO can be undertaken
without the prohibitive morbidity and adverse events seen in the 1970s.
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To be effective, ECMO must be applied to the appropriate patient (indications,
contraindications), timing of ECMO initiation must be the most correct (not too
early, not too late), and ECMO must be correctly and safely applied (patient consid-
erations: age, obesity, VV or VA ECMO, dual-site or single-site venovenous can-
nulation; monitoring and general measures—ultrasound, fluoroscopy, surgery, and
blood bank).

The centralization of patients to a few selected, specifically equipped centers can
improve patient outcome, but the risks associated with patient transportation could
exceed the benefits of centralization [10]. To reduce these risks, we planned some
strategies: transferring in advance the largest proportion of patients potentially at
risk of severe respiratory deterioration according to clinical criteria and assigning
the patients to expert transportation teams, able to institute ECMO at the referring
hospital and provide safe transportation with ECMO according to precise criteria.
Some of the patients transported with ECMO might not have needed ECMO if
treated from the beginning with other rescue therapies at the referral centers, where
more therapeutic options were available. However, most of these patients were con-
sidered to be not safely transportable without ECMO.

The Italian ECMO network ensured a high survival rate of patients with severe
ARDS due to HINI infection treated by ECMO, a safe centralization, and created an
organization ready to challenge future possible epidemics with high demand for critical
care units with advanced respiratory support [7]. CESAR randomized trial indicated that
significantly more patients with severe ARDS survived without severe disability if they
were transferred to a single ECMO center compared with patients who were managed
conventionally. Moreover, this trial showed that patients referred for ECMO had roughly
two times longer hospital stays and twice the medical costs of those treated in the con-
ventional management group [1]. One or two patients with influenza A (HIN1)-related
ARDS can strain the capacity of any intensive care unit (ICU) and ECMO team, particu-
larly when ECMO availability is needed for other patients. ECMO centers should make
plans for allocation of resources: identification of early predictors of adverse outcome
could allow optimization of criteria for ECMO eligibility and referral.

The Italian ECMOnet activity showed that mortality of adult patients suffering
from influenza A (H1N1)-related ARDS undergoing VV ECMO is related to extra-
pulmonary organ function at the time of cannulation. PreECMO hospital length of
stay; bilirubin, creatinine, hematocrit values; and systemic mean arterial pressure
were significantly associated with mortality as assessed by multivariate analysis,
while respiratory parameters were not associated with survival.

To improve risk stratification and prediction of mortality risk at time of
VV ECMO initiation, we developed a multifactorial scoring system—the ECMOnet
score [9].

These data provide new perspectives concerning the allocation of resources for
VV ECMO. We confirm the strong clinical perception that survival is strongly cor-
related to extrapulmonary organ function at the time of ECMO initiation. This
knowledge may help to identify potential candidates for ECMO support according
to their mortality risk and provides guidance to solve crucial economic and ethical
issues.
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