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Introduction

Extracorporeal Membrane Oxygenation (ECMO) is
a temporary cardio-respiratory support technique
usually employed in the Intensive Care Unit (ICU) to
provide cardiac, respiratory, or cardio-respiratory
support in life-threatening clinical situations. It is
one of several techniques that come under a wider
umbrella of Extra-corporeal Life Support that
include Ventricular Assist Devices (VAD) and Extra-
Corporeal CO, Removal (ECCOR). These
techniques became possible with the development of
reliable blood pumps and gas exchange devices,
more usually called Oxygenators (even though CO,
clearance is as important as oxygenation).

The first clinically applied oxygenator was
developed by John Gibbon in the early 1950's [1].
Thereafter, other devices were developed by other
groups interested in developing cardiac surgery.
Until then, the only other techniques that could be
used for cardiac surgery were surface hypothermia
with brief circulatory arrest or cross circulation,
usually involving a child with a parent.

All the oxygenators developed in that era whether
screen, disc or bubble oxygenators, had two intrinsic
problems that made their use for longer than an hour
or so impossible. The first was that oxygenation and
CO, clearance were achieved by direct contact
between blood and gas phases that caused
haemolysis, thrombocytopaenia and leucopoenia.
The second was foaming of the blood. Taken together,
these issues caused particulate and gaseous emboli.
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Despite these issues, improved bubble oxygenators
with arterial line filters were widely used for cardiac
surgery until about 1990. However, long-term use
(i.e. more than six hours) was not possible with these
devices due to excessive blood cell damage.
Pumping of blood round bubble oxygenators was
usually by means of occlusive roller pumps,
although the French company, Rhone-Poulenc,
developed a non-occlusive pump that was also
effective.

The device that allowed for long-term extracorporeal
circulation was the membrane oxygenator in which
the blood and gas phases were separated by a semi-
permeable membrane. This was derived from the
observation of Kolff [2], who was researching
dialysis membranes, and noticed that venous blood
that passed across certain membranes, notably
silicone rubber, changed colour and became pink
even when exposed in just air. This allowed Theodor
Kolobow [3] and his group at the National Institute
of Health, Betheseda, USA to develop a solid
silicone rubber, spirally wound membrane
oxygenator. This functioned well for many days and
its commercial production allowed research groups
to pursue the concept of prolonged extracorporeal
support in the intensive care setting.

Although these solid silicone membrane
oxygenators functioned effectively and could be
used for both cardiac surgery and prolonged
circulatory support with minimal blood damage,
they were expensive, difficult to manufacture and
had a high resistance to blood flow.
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The next important development, initially for cardiac
surgery, was the development of low resistance
hollow-fibre membrane oxygenators with
polypropylene membranes. Polypropylene
membrane devices revolutionised cardiac surgery
and soon completely replaced bubble oxygenators.

Although these membranes could and were used for
prolonged support in the ICUs, they tended to fail
due to plasma leakage, particularly if the patient was
jaundiced. This problem was corrected by the
development of polymethylpentene (PMP) hollow-
fibre membrane oxygenators that are as efficient at
transferring gas but rarely leak plasma. PMP
oxygenators are produced by several companies with
different surface coatings and are licensed for up to
30 days in some jurisdictions, but often last much
longer.

The last technical advance that improved the current
techniques of extracorporeal circulation was the
development of impeller blood pumps to replace
occlusive roller pumps. A number of these are now
available from different manufacturers of which the
most widely used are those manufactured by
Levitronix and Macquet.

Impeler Outlet/Discharge

Impellervane
Drive shaft
Eye

Volutechamber

Volute casing

Figure 2 Volute cose design

Fig.1 : Impeller pump

Other important developments were in cannula
design and anticoagulation management. As was
soon discovered, walking the tightrope of clotting of
the circuit on the one hand and bleeding in the patient
on the other was a very difficult thing to do for
prolonged periods, as compared to performing
cardio-pulmonary bypass for cardiac operations for
short periods.

These developments took more than 50 years of
research by many different groups with the support
of Industry. The developments were both technical
and clinical, with the clinical often being
controversial as discussed below.

Prolonged support

Having developed a technology that could produce
prolonged respiratory and cardio-respiratory
support, the next issue was in what circumstance was
it appropriate to use? The first report of clinical
success was of an adult patient with post-traumatic
lung injury treated at Pacific Medical Centre, San
Francisco, USA by Dr Don Hill and colleagues in
1973 [4].

Shortly thereafter, the first successful case of
neonatal respiratory failure treatment was reported
by Dr Robert Bartlett from Orange County
Children's Hospital, California [5].

Dr Bartlett subsequently moved to the University of
Michigan Medical Centre and became the pre-
eminent researcher and clinician in the development
of ECMO with his hospital being the world's largest
unit for more than 20 years.

Trials and Tribulations

Because of the dramatic nature of ECMO
intervention, its resource implications and cost, there
was pressure to perform clinical trials to assess its
efficacy. Doing trials in which the end point is death
is ethically, morally, and practically difficult and all
the trials that have been done have created
controversy. [ will briefly describe these trials and
illustrate how much thought and effort was put into
them. Despite this, all were still criticised before,
during or after their completion.

National Institute of Health (NIH) Adult Trial

This trial was a fully randomised trial (RCT)
between ECMO, and conventional care conducted
between 1975 and 1978 [6]. Some of these centres
had never used ECMO before and care was not
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standardised. Many of the patients had Influenza A
and only veno-arterial ECMO support was used. The
trial was stopped early as it became obvious that
there was no benefit to ECMO support. The results of
the trial are illustrated below (fig. 2).

NIH TRIAL OF ADULT RESPIRATORY FAILURE

PROSPECTIVE RANDOMISED STUDY 1975-79

90 PATIENTS

T N

42 Randomised to ECMO 48 Randomised to Conventional Care

4 SURVIVORS

4 SURVIVORS

Fig. 2 : Summary of NIH trial

One of the main issues with this trial related to the
lack of experience with ECMO before the trial
started. Unlike in a drug trial, experience is necessary
with what is essentially a surgical technique. One
needs to be able to perform such a procedure
reproducibly before it can be trialled. Experience in
neonatal ECMO has suggested that it takes between
10 and 20 cases for this level of expertise to be
achieved. The other issues were 1) the exclusive use
of veno-arterial ECMO rather than veno-venous that
is now known to be more appropriate for adult
respiratory failure and 2) that there was no concept of
lung rest. Patients on ECMO received high pressure,
high volume and high inspired oxygen ventilation.

The negative outcome of this trial effectively
stopped the use of ECMO worldwide for adult
patients for 25 years.

University of Michigan Neonatal Trial

In parallel with work on adult respiratory failure,
neonatal respiratory failure was also being
investigated by Dr Bartlett, treating babies with a
very high predicted mortality (90%). In early
reports, he showed increasing success with neonatal
patients as compared to historical controls [7]. A
registry was established for neonatal ECMO patients

under the aegis of the Extracorporeal Life Support
Organisation (ELSO), which confirmed improving
results from all groups using this technique[§].

In 1984, Dr Bartlett's group at the University of
Michigan Medical Centre organised a single-centre
randomised controlled trial (RCT) of neonatal
ECMO using a modified 'Play the Winner' design
under which, after a random start, the next patient
was allocated to whichever treatment had been
successful for the previous patient. After 12 patients
had been randomised, the trial was stopped. Only one
patient had been allocated to conventional treatment
and had died. Eleven patients had been allocated to
ECMO, all of whom had survived (fig. 3) [9].

NEONATAL ECMO: UNIVERSITY OF MICHIGAN

PROSPECTIVE RANDOMISED STUDY 1982 - 84

50 PATIENTS WITH SEVERE RESPIRATORY FAILURE
— -

14 Unresponsive to conventional treatment 36 [mproved

2 Not in 11 ECMO 1 Conventional
Randomised Trial Survived Died

Fig. 3 : Summary of University of Michigan
Neonatal Trial

There was widespread criticism of the trial design by
both statisticians and clinicians [9]. Many
neonatologists did not believe that the trial advanced
the evidence base for the technique.

Boston Neonatal Trial

To address the criticisms of the University of
Michigan trial, O'Rourke and colleagues in Boston
designed a further modified RCT [10].
Randomisation continued until there were four
deaths in either treatment arm. The more successful
treatment (ECMO) was then given to a further 20
patients (fig. 4).
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BOSTON CHILDREN'S HOSPITAL
NEONATAL ECMO RANDOMISED STUDY

1986 - 88

19 PATIENTS WITH PPHN

\H-.

S

10 CONVENTIONAL CARE (randomised)
4 DIED

9 ECMO (randomised)

+20 ECMO Jnol randomised)
1 DIED
|

97% SURVIVAL

60% SURVIVAL

Fig. 4 : Summary of Boston Neonatal Trial

Although there was further criticism of this study
[11], appearing even in the lay press [12], most
clinicians were, now more convinced. Certainly,
with the ELSO Registry data and these two trials, it
was now considered by many to be ethically
impossible to mount a fully randomised study, at
leastin the USA.

UK Collaborative Trial (Neonatal)

Although neonatologists in the USA had accepted
ECMO as a treatment for neonatal respiratory
failure, their colleagues in Europe, Scandinavia and
Australasia were more sceptical. Thus, after an
ECMO service was started in Leicester, UK in 1989
using charitable funds, government funding was
made available to conduct a randomised controlled
trial. The end points for this trial were significantly
different from other trials. As well as hospital
mortality being assessed, the primary end point was
"intact survival' at one year of age, with 'intact' being
a neurological and development assessment by a
paediatric neurologist. Also, ECMO was being
provided in four ECMO Centres, whereas
conventional care was being provided in separate
multiple Regional Neonatal Units. All the patients
treated with ECMO required inter-hospital transfer
whereas a majority of conventionally treated patients
did not. This reflected the realities as to how the
treatment would be delivered in practice and was,
therefore, a pragmatic trial design. The UK
Collaborative Trial ran from 1993-5, being stopped
early by the data monitoring committee because of

obvious benefit. The first report from the trial gave
the hospital mortality for all 185 patients with the
one-year intact survival data of 67 (fig. 5) [13].

UK COLLABORATIVE TRIAL OF NEONATAL ECMO
PROSPECTIVE RANDOMISED TRIAL 1992-95 (FIRST REPORT)

185 PATIENTS
_,—F'-'_'-F'—F'_'_\_\_\_\__\_"\—\___
— T
93 ECMO- 92 CONVENTIONAL
‘ CARE

|
66 SURVIVED TO DISCHARGE 38 SURVIVED TO DISCHARGE

42 (of 63) SURVIVED TO 1 YEAR
(without severe disability)

23 (of 61) SURVIVED TO 1 YEAR
(without severe disability)

Fig 5 : Summary of UK Collaborative Trial
(Neonatal)

A second report of the data on all 185 patients was
subsequently published (fig. 6) [14].

UK COLLABORATIVE TRIAL OF NEONATAL ECMO
PROSPECTIVE RANDOMIZED TRIAL 1992-95 (SECOND REPORT)

185 PATIENTS

92 CONVENTIONAL
CARE

93 I-'.CIG_U

66 SURVIVED TO DISCHARGE 38 SURVIVED TO DISCHARGE

37TSURVIVED TO 1 YEAR
(without severe disability)

63 SLIR\"]VEl TO 1 YEAR
(without severe disability)

Fig. 6 : Summary of the second report of UK
Collaborative Trial (Neonatal)

Both reports confirmed the efficacy of ECMO with
respect to hospital mortality and 'intact survival' at
one year.

A third paper from this trial has also been published
on the cost-effectiveness of ECMO compared to
conventional care to the trial endpoint of one year
[15]. These economic data were an integral part of
the trial.

Finally, a late follow-up fourth paper was produced
in which a pre-school assessment was made of their
neurological, behavioural, and respiratory health
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[16]. In essence, the neurological morbidity was
similar in the two groups of survivors, suggesting
that any damage was more likely due to the initial
birth asphyxia and its sequelae rather than the mode
of treatment. The respiratory morbidity in terms of
hospital admission and use of bronchodilators was
greater in the conventional group, suggesting that
longer periods of high-pressure ventilation used in
this group were deleterious.

ECCOR Study

Although the case for the effectiveness of neonatal
ECMO was getting stronger by the year, adult
ECMO was all but abandoned. The exceptions were
Gattinoni and his colleagues in Milan, Italy, who had
put the hypotheses of Kolobow concerning lung rest
and extracorporeal CO, removal (ECCOR) into
clinical practice. Gattinoni had reported much
higher than expected survivals for patients with
severe ARDS, although the study was not
randomised [20]. Morris and colleagues further
tested this technique in an RCT which compared
ECCOR to a computer driven algorithm adjustment
of ventilator settings.  Although there was no
significant difference between the randomised
groups, both groups had a much better survival than

in the earlier NIH trial (fig. 7)[17].

TRIAL OF ECCOR VERSUS PRESSURE CONTROLLED INVERSE
RATIO VENTILATION

PROSPECTIVE RANDOMISED STUDY

40 PATIENTS
_,__a-/—/ -\_\_\_\_\__\___\_\_\_"—‘——.
21 RANDOMISED TO ECCOR 19 RANDOMISED TO
PRESSURE CONTROLLED

INVERSE RATIO VENTILATION

7SURVIVED 8 SURVIVED

Fig. 7 : Summary of ECCOR Study
CESAR Trial (Adult)

The CESAR Trial was an UK based RCT based on
similar precepts to the UK Collaborative Trial of
Neonatal ECMO [18]. It was of pragmatic design
with a primary end point of 'intact survival' at six
months as well as just hospital survival. The
definition of 'intact' was a functional one of
independent living, reflecting both neurological and
respiratory function. ECMO was provided in one
centre (Leicester) and included transport as part of
the equation and was based on intention to treat so
not all the patients sent for ECMO received it.
Conventional care was provided in designated large
ICUs. Most patients did need transport to such units.
The results are shown in the diagram below (fig.8).

| R0 Randomiqc(f ——> 90 conventional
- S0ECMO € P 1 died
e : e / : 2 100 sick 10
Jdind v e S move
s 85 transfered 73 CIC ISRH < ) \ -
/ \ 1 family 1 died
" ) declined i
17 gentle ventilation 11 tramsfered P 1 susvived
68 ECMO \
| + )
L
= 88 conv 1
14 survived ¥ 43 survivad T—
Il
s 45/90 v S0% —
£790 survived (63%) - l:_fd : : P=0.07
] 6 months
| X T 3 withdrew —! . ,‘
- | P=0.051
v ; 1 disabled '
S7/90 survived without 41/87 survived without
severe disability (63%) severe disability (47%) P_0'03
ig. 8 : Summary o ria u
Fig.8: S ry of CESAR Trial (Adult
Ceylon Journal of ECMO, Cardiothoracic Surgery and Critical Care (CJECC) 17

Vol. 1, Issue 1, April 2024



Review articles

Again, there was controversy related to such issues
as transport and the fact that a significant group of
ECMO patients did not receive ECMO. It did,
however, make an impact on the subject such that
when HIN1 influenza became a serious issue, the
capacity for adult ECMO provision was significantly
ramped up in the UK and elsewhere. The UK
response to this emergency included increasing the
availability of ECMO nationally and auditing all the

ﬂ ECMO-Referred

cases that were treated in these centres and
conventional treatment centres prospectively. When
the data were analysed the benefit for ECMO
provision in the severest cases of respiratory failure
was clearly seen. The analyses were done in two
ways, both of which provided clear evidence of
benefit from being able to access ECMO (figs 9 and
10)[19].

Non-ECMO-Referred

[ |
No. of No. of
Deaths  Patients
Alternative exclusion criteria

No. of No. of
Deaths  Patients

3 59 ——
38 75 —1:.
38 75 —ﬂ—

LI

[ |

e
25 51 —f—
34 67 —l—.—
33

—

67 —fa——
I
I

88
RN

27 48 —*'7
28 58 e
25 58 — A
i
21 35 1
186 44 I .-
20 44 4I—I—n—
I |i T 1
0.25 0.50 1.00 2.00

Hospital Mortality, RR (95% Cl)

Non-ECMO-Referred

Base case
Individual matching 14 59
Propensity score matching 18 75
GenMatch matching 18 75
Confirmed H1N1
Individual matching 13 51
Propensity score matching 19 67
GenMatch matching 19 67
Received ECMO
Individual matching 13 51
Propensity score matching 17 66
GenMatch matching 17 66
Fio,=1.0
Individual matching 12 48
Propensity score matching 15 58
GenMatch matching 15 58
All exclusions
Individual matching 11 35
Propensity score matching 14 44
GenMatch matching 14 44
ﬂ ECMO-Referred
[ |
No. of No. of
Deaths Patients
Controls treated
Base case
Individual matching 14 59
Propensity score matching 18 75
GenMatch matching 18 75
SMR <1
Individual matching 3 35
Propensity score matching 16 65
GenMatch matching 16 65
Volume receiving ventilation >median®
Individual matching 9 47
Propensity score matching 16 67
GenMatch matching 16 67

No. of No. of
Deaths Patients

31 59 L
38 75 —heo——
38 75 :
Y
14 35 i
38 65 e
29 65 —r.r“i“—
H
Il
20 47 n i
23 67 e
29 67 A

II |

N

0.25 0.50 1.00 2.00
Hospital Mortality, RR (95% Cl)

Fig 9 : Sensitivity Analyses for ECMO-Referred Patients vs Matched Non—-ECMO-Referred Patients
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Table 2. Deaths Analyzed by Matching Methods

No. of Deaths/
Total No. of Patients (%)

lEC MO-Referred Non—ECMO-Fleferred] RR (85% CI) VaFI'ue
Matching method
Propensity score 18/75 (24.0) 35/75 (48.7) 0.51 (0.31-0.84) .008
GenMatch 18/75 (24.0) 38/75 (50.7) 0.47 (0.31-0.72) 001
Individual 14/59 (23.7) 31/59 (52.5) 0.45 (0.26-0.79) 006

Abbreviations: ECMO, extracorporeal membrane oxygenation; RR, relative risk.

Fig 10 : Deaths Analyzed by Matching Methods

EOLIA (ECMO to rescue Lung Injury in severe
ARDS) Trial (Adult)

Despite all the above, a European based adult RCT
was commissioned, and its results published (fig. 11)
[20].

16) and data derived from assessing the performance
of Paediatric Intensive Care Centres that could
access ECMO as opposed to those who could not
(fig.17)[21].

1.0+
0.9
— 0.8
§ 0.74 ECMO group
@ 0.6
s
> 0.5 Control group
T 044
©
-E 0.34
0.24
0.14 P=0.07 by log-rank test
0.0 T T T T T 1
0 10 20 0 40 50 60
Days
Mo. at Risk
ECMO 124 105 100 92 a8 a3 20
Control 125 94 81 79 74 72 69

PEDIATRIC RESPIRATORY FAILURE - 1991

ELSO/PCCSG STUDY

53 Matched Pairs Analysis
ECMO 74% Survival
Conventional RX 53% Survival

P<.01

Fig 11 : EOLIA Trial (Adult)

These data added little to what was already known as
the design allowed cross-over to ECMO if the patient
deteriorated. When cross-over is allowed in such a
trial it is being acknowledged that there is no longer
equipoise in the assessment being made and the trial
is being performed too late.

Audit on Children on ECMO

There has been no RCT performed on children
outside the neonatal period. The only available data
are from registry audits using matched pair data (fig.

Fig. 12 : Paediatric Respiratory Failure study. Case
matching in ELSO and Paediatric Critical Care
Study Group (PCCSG) joint database analyses.

PAEDIATRIC RESPIRATORY FAILURE - 1991
ELSO/PCCSG STUDY

32 PICU - 679 PATIENTS
F'0, > 50%, PEEP > 6

SURVIVAL - 48%

SURVIVAL FACTORS P
Oxygenation Index L0001
PRISM L0001
ECMO 008
PaCo0, 045

Fig. 13 : Factors determining survival in PCCSG
database.
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Both assessments indicated benefit from being able
toaccess ECMO support.

Considerable efforts were made to do an RCT in the
USA, but it proved impossible. However, it is
reasonable to assume that ECMO is likely to benefit
children with severe respiratory failure as clear
benefits have been shown for those both younger and
older.

Despite ECMO being used widely in neonates and
children post-cardiac surgery and it being assumed to
be a standard of care in paediatric cardiac centres,
there is only limited audit information and no trial
data to support this enthusiasm.

Indications

It should be clearly understood that ECMO is a
support technique and not a treatment per se. [t can be
reasonably applied when there is a potentially
reversible illness associated with severe cardio-
respiratory compromise. If used inappropriately in
irreversible pathology, ECMO will merely prolong
death. Due to the invasiveness, cost, and resource
implications, it should only be used in severe disease
when conventional care has failed or is failing.

In practice there are two types of patients. Those that
cannot be stabilised and continue to deteriorate
rapidly within a few hours despite escalating
treatment such that death is inevitable. There are
others who can be stabilised on conventional
treatment but at a very high level of inotropic and/or
ventilatory support. In these latter patients a value
judgement must be made as to whether it would be
better to institute ECMO to reduce the level of
support, (particularly ventilatory support), and
obviate the risk of progressive ventilator induced
lung injury (VILI). A long period of high-pressure
ventilation is a relative contraindication to ECMO as
both VILI and increasing risk of nosocomial
infection lead to worse outcomes and this needs to be
factored into any patient assessment.

In neonatal practice, the Oxygenation Index [22]
gives a reasonable guide as to when ECMO should

be considered. An Ol > 40 indicates severe
compromise and is an important guide. In adult
practice the Murray Score [23]also gives guidance. A
Murray Score > 3 indicates severe respiratory
failure. However, experience with HIN1 influenza
when ECMO availability was limited, showed that
most patients with Murray Scores between 3 and 3.5
can be managed conventionally. Above a Murray
score of 3.5, ECMO is certainly indicated.

In cardiac indications, unresponsive low-output
syndrome with acidosis is the usual indication. This
may be in the operating theatre when bypass cannot
be discontinued or in the ICU when increasing
inotropic support (and/or balloon pump) proves
ineffective.

The main contraindications to ECMO relate to active
bleeding and futility in a brain damaged or otherwise
irreversibly compromised patient (e.g. disseminated
cancer). Surgery is only a relative contraindication,
as many patients undergoing cardiac or transplant
surgery have been successfully managed. This is
because of a greater understanding of how to manage
anticoagulation and bleeding in such patients.

Equipment

The standard modern ECMO circuit comprises of a
polymethylpentene (PMP) hollow fibre oxygenator
with an impeller blood pump and a heater cooler.

Some centres still use a roller pump with a negative
pressure controller, such as a bladder box or negative
pressure inflow control system, for neonatal patients
(fig.14).

Fig. 18 : ECMO circuit with roller pump
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Modes of ECMO and cannulation

Veno-arterial (VA) ECMO will support both the
lungs and circulation. Veno-venous (VV) ECMO
supports only the lungs. VV ECMO is the preferred
method for respiratory support as it avoids
complications related to distal organ perfusion after
cannulation of a major artery. In children below two
years as their femoral vessels are too small, VA
ECMO requires cannulation of the right carotid
artery; in older children and adults, cannulation is
usually of a femoral artery. In or after cardiac and
transplant surgery, cannulation may be through the
incision and trans-thoracic.

Veno-venous ECMO can be achieved with multiple
single lumen cannulae draining from the femoral
vein(s) and returning to the right internal jugular
vein, or a double-lumen cannula usually inserted into
the right atrium via the right internal jugular vein.
Cannulation for VV ECMO is usually percutaneous
under ultrasound and/or fluoroscopic guidance. VA
ECMO may be done surgically but is increasingly
being done percutaneously under ultrasound
guidance. Whereas right common carotid
artery cannulation in an infant is well tolerated,
femoral artery cannulation in older children and
adults often causes distal limb ischaemia and a
separate distal perfusion cannula is typically
necessary.

Anticoagulation

Prolonged support with an extra-corporeal circuit
requires anticoagulation to prevent it from clotting.
The main anticoagulant historically has been heparin,
monitored by the Activated Clotting Time (ACT)
which is a near patient whole blood testing system.
More recently, heparinoids such as Argatroban and
Lepirudin monitored by Factor Anti-Xa assay have
been used. This requires access to an advanced
haematology laboratory or advanced near patient
testing.

For most units, heparin monitored by ACT is the
starting point, with the ACT's being run in the range
160-220 seconds depending on the type of cartridge

and machine used rather than the 400 + seconds used
when performing cardiopulmonary bypass.

In addition to these regular monitoring tests for
heparin/heparinoids, full anticoagulation profiles
also need to be done, to monitor other clotting factors
such as prothrombin and fibrinogen. It should be
remembered that adequate fibrinogen levels are
necessary for ACT testing to operate. Additional
information from TEG (thromboelastography) or
ROTEM (Rotational thromboelastometry) analysers
is also useful, particularly when there is bleeding.

Each unit must work out what their anticoagulation
protocol for ECMO is going to be, in line with the
available haematological expertise. A detailed
review of this issue can be found in an Extra-
corporeal Life Support Organisation (ELSO)
publication [24].

Management of ECMO patients

The successful management of ECMO patients is
five-fold:

a) The circuit needs to be adequately
anticoagulated and supervised. This requires
planning, protocols, and training of all the staff
looking after the patient, whether medical,
nursing, or technical. It is not something that
can successfully be done as a one off or
occasional pastime.

b) The management of the patient should
acknowledge that the patient is heparinised
such that needle sticks and surgical procedures
should be minimised and only done when the
anticoagulation is being tightly controlled.

c) Low frequency, low pressure, low volume, low
oxygen ventilation should be instituted as far as
possible-i.e. the 'lung rest' strategy. During VV
ECMO, some ventilation may be necessary to
maintain adequate oxygenation. During VA
ECMO with femoral cannulation some
ventilation may also be necessary to avoid
differential oxygenation of the upper and lower
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body (‘Harlequin Syndrome'). Carbon dioxide
clearance should never be an issue as the sweep
gas flow through the oxygenator can easily
control it. However, hollow-fibre oxygenators
are so efficient in this respect that great care
may be necessary reducing the PaCO2 slowly
to avoid rapid shifts in blood and tissue pH
particularly if it is very high as in an asthmatic
patient.

d) All patients with lung injury should have their
fluid balance optimised. This may be achieved
with fluid restriction and diuretics or with
haemo-filtration and dialysis as appropriate.
Excessive fluid goes to areas of inflammation
and dependency and reducing it nearly always
improves lung function.

e) Finally, and most importantly, the underlying
condition should be actively and intensively
treated. This may mean antibiotics, antivirals,
steroids or other drugs together with
mechanical adjuncts like prone positioning,
bronchoscopy and tracheostomy.

Results

As has been indicated before, ECMO is a support
technique, not a therapy and the results of its use
depend on the condition for which it is used. The
most comprehensive information on the results and
complications of ECMO use is from the
Extracorporeal Life Support Organisation's
International Registry [25] which is the development
of'the earlier registry for neonatal respiratory failure.
There is now information of more than 176,000 cases
for a wide variety of conditions at different ages and
their complications. It represents the majority of
ECMO cases performed worldwide.

The data is very comprehensive with respect to
hospital mortality, patient related and circuit related
complications. The feared complications being
bleeding in the patient and clotting in the circuit.
There is also graphical data illustrating the change in
the use of ECMO over time.

The variation in outcome according to the condition
treated is best seen in neonatal respiratory failure
patients. For meconium aspiration syndrome, the
worldwide survival is 91% whereas that for
diaphragmatic hernia is 58%. The other neonatal
indications have mortalities between these figures.
Despite these usually good outcomes, the overall use
of ECMO in neonates is declining as recorded in the
ELSO Registry, maybe reflecting more options in
conventional treatment being available.

There has been a significant increase in the use of
ECMO for cardiac surgery in all age groups.
Similarly, there has been a significant increase in
ECMO use in adult respiratory failure since the
publication of the CESAR Study and the HINI
pandemic in 2009. The mortality in this age group
has varied from 56% to 81% according to the
indication with the best results being in aspiration
pneumonia. The recent experience with Covid 19 has
given results similar to other adult pneumonia cases
with the best results in younger patients with short
periods of pre-ECMO ventilation and without co-
morbidities [26,27].

Another indication that has significantly increased
ECMO use has been in resuscitation; so-called
extracorporeal resuscitation (ECPR). This has been
mainly in hospital emergency departments and post
cardiac surgery. In some countries, ECPR is being
applied for outside- hospital cardiac arrests as well.

Future developments

ECMO is likely to be used more widely in the future
as more sophisticated auto-regulated pumping
systems are developed that require less
anticoagulation and supervision. Implantable
artificial lungs are also under development that are
based on the oxygenator technology that we
currently use and will likely complement organ
transplantation in the future.
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