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Abstract

The innovations leading to the development of a new technology such as extracorporeal membrane oxygenation (ECMO) and its
progress over the years have been inspiring. Many great personalities were associated with the genesis and re-designing the multiple
essential components of ECMO to make it more biocompatible. We discussed the brief history of cardiopulmonary bypass and
ECMO. We elucidated the establishment of a commanding center, Extracorporeal Life Support Organization (ELSO) in the USA,
ECMO society of India in the sub-continent and the birth of South and West Asia Chapter (SWAC) of ELSO initially, which
became South and West Asia, Africa chapter SWAAC) ELSO later after amalgamation of Africa to this sub-chapter of ELSO.
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Introduction

History of development of cardiopulmonary bypass technology
and extracorporeal membrane oxygenation (ECMO) help us un-
derstand the changes in medical science over the last century.
Based on the principles of cardiopulmonary bypass, with the
added advantage of addition of heparin to aid in anticoagulation,
helped the science of ECMO to move towards wider applicabil-
ity. Further developments in improving the designs of the essen-
tial components of ECMO (membrane oxygenators, pumps, bio-
compatibility issues, miniaturization) over the years helped in
wider acceptance besides making the practice of ECMO safe.
We described the evolution of the ECMO practices and the or-
ganizations safe-guarding the practice of ECMO over the globe.

Extracorporeal Life Support Organization (ELSO) was
established in 1989 at Ann Arbor, MI, USA. Description of
ELSO is not complete without mentioning the history of
ECMO.

The science of ECMO developed over the past 7 decades.
The origins of cardiothoracic surgery and ECMO share their
roots together.

The thoughts about invention of a mechanical circulatory
support system have developed over the years. Many re-
searchers put their efforts together in building this life support
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system. Dr. John Gibbon was one such inspiring personality
[1]. He was a research fellow at Harvard Medical School,
USA in 1931. The surgical team under Dr. Churchill per-
formed pulmonary embolectomy on a patient after she devel-
oped massive pulmonary embolism [2]. As a fellow, Dr.
Gibbon looked after the patient during her hospital stay.
Unfortunately, she passed away. In an effort to find a solution
to similar problems, Dr. Gibbon struggled to develop a me-
chanical device which could look after the function of lungs
until the patient recovers. In 1953, following his work along
with his wife Mary Gibbon, he performed the first successful
open-heart surgery on an atrial septal defect (ASD) patient [3].
This was the first cardiopulmonary bypass procedure in histo-
ry. As the subsequent patients died, Dr. Gibbon was disap-
pointed with his machine. Later, together with Mayo collabo-
ration, they made the Mayo-Gibbon heart-lung machine, lead-
ing to many more success stories. Further developments were
added by enthusiastic physicians such as John Kirklin at the
Mayo Clinic and C. Walton Lillehei at the University of
Minnesota and Dr. Theodor Kolobow at the National
Health, Lung, and Blood Institute at the NIH, Bethesda,
Maryland, just to name a few. As a result of the contributions
of many more dedicated researchers and clinicians, the safety
standards of today in the practice of ECMO could be seen as a
reality. They contributed to further advances in design, devel-
opment of biocompatible membrane oxygenators, circuit, etc.

In 1971, Dr. Donald Hill, a cardiac surgeon, used ECMO for
saving an adult following road trauma with aortic rupture.
Further success in adult patients could not be claimed for the
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next few years. In 1975, Dr. Robert Bartlett successfully used
ECMO in a newborn following meconium aspiration syndrome
to treat lung failure. This was the baby of a poor immigrant
mother from Mexico. The baby was named Esperanza by the
nurses, meaning “Hope” in Spanish. Her success story was the
initiation of ECMO in the neonatal population. Treating further
patients on ECMO over the next couple of decades resulted in
variable outcomes. Dr. Robert Bartlett trusted the principle of
ECMO and continued it as a therapeutic modality. Further ran-
domized controlled trials in the UK and USA established the
role of ECMO in cases of reversible lung or cardiopulmonary
failure as a support mechanism for varying periods of time.

Birth of ELSO

With the noble idea of establishing an organization to share the
knowledge and developments in the field of ECMO, Dr. Robert
Bartlett and his associates established ELSO [4]. The first con-
ference was held in Ann Arbor, MI, USA, in 1989. The
Extracorporeal Life Support Organization (ELSO) is a non-
profit organization consisting of professionals and scientists
who are involved in doing and researching ECMO.
Physicians and surgeons from many interested centers in the
USA and Europe came together under one umbrella. ELSO
maintains a registry of both facilities and specialists trained to
provide ECMO services [5]. ELSO also maintains registry in-
formation of different clinical conditions treated on ECMO in
great detail and helps in analysis of these results in an anony-
mous way to maintain the confidentiality of different centers.
Table 1 shows the International registry data including the num-
ber of cases done in neonatal, pediatric, and adult populations. It
also depicts the growth of ELSO-registered centers worldwide.
The ELSO registry data will be of great help for other clinicians
to understand if they contemplate putting a patient with similar
condition on ECMO. The data is used to support clinical re-
search, regulatory agencies, and individual ELSO centers.
ELSO provides educational programs for active centers as well
as for facilities who may be involved in the transfer of patients
to higher levels of care [6]. There are different sub-committees
such as Registry development committee, Scientific oversight
committee, and Registry quality committee. ELSO website pro-
vides resources for prospective centers in the form of policies
and procedures and guidelines. ELSO publishes the ECMO
manual and the text book, traditionally called the Redbook.

The advantages of having a worldwide organization and
the unique aspects of a scientific group with representation
from all healthcare professional participants in the activities
of the organization are very useful for the growth and stan-
dardization of ECMO practices. Mr Peter Rycus has been the
executive administrator of ELSO. ELSO also provides small
research grants which can be used to facilitate registry
projects.

ELSO has been useful to ECMO centers and practitioners
worldwide in several ways. The worldwide registry is avail-
able for quick reference, documentation, publication, and
quality assurance for member centers. ELSO has served as
the communications center for ECMO-related information.

Until 2012, there was only central (American) ELSO. The
organization has realized the need for covering the rest of the
parts of the world besides the USA, which subsequently lead
to the creation of sub-chapters., viz., Euro ELSO, Asia Pacific
ELSO, Latin American chapter of ELSO, and South and West
Asia, Africa chapter of ELSO.

ECMO Society of India and birth of SWAC
ELSO

South and West Asia chapter of ELSO (SWAC ELSO) [7] was
established in the year 2013 as a result of combined efforts of
the members of ECMO Society of India and Extracorporeal
Life Support Organization, ELSO. ECMO Society of India
(ESOI) was established in 2010 with the ideals of improving
awareness and practice of ECMO in India. It was initiated by
two enthusiastic ECMO practitioners, Dr. Pranay Oza and Dr.
Venkat Goyal along with interested clinicians from all over the
country. The platform was used for improving knowledge
about the practice of ECMO, arranging training programs and
annual conferences within India. The program was supported
by international faculty who have been actively doing and
teaching ECMO. Between 2012 and 2013, the clinicians of
ECMO society of India were engaged with ELSO Steering
Committee members, who aptly proposed the expansion of
ELSO to cover South East Asia and West Asia part of the
globe. On June 2013, at the 4th ECMO Society conference held
at New Delhi, India, the South & West Asia ELSO chapter was
established with me as the founder chairman. Member repre-
sentatives from the participating countries were selected to rep-
resent and lead the ECMO activities in their respective coun-
tries [7]. At the time the chapter was founded, there were coun-
tries which have been actively doing ECMO besides those who
wanted to introduce ECMO as an expansion to their existing
critical care/cardiothoracic surgical activities. SWAC ELSO
stood as a uniting platform sharing the values of ELSO despite
the regional and economic differences, representing unity in
diversity. The main intention has been to support and improve
understanding and practice of extracorporeal life support sys-
tems in the member countries. The first annual conference of
SWAC ELSO was held at Hyderabad, India, from 31 Jan to 1
Feb 2014. There was enthusiastic participation from member
countries with collaboration to learn from each other’s experi-
ence. Figures 1 and 2 are showing the attendees and faculty at
the first and second conferences of SWAC ELSO.

SWAC ELSO region in 2013 was representative of the
following member countries:



S346 Indian J Thorac Cardiovasc Surg (April 2021) 37 (Suppl 2):5344-S350

Table 1 International Report January 2020

. LIFE SUPP,
ECLS Registry Report PN
sy '%v,;\ Extracorporeal Life Support Organization
< 0
= z
/

International Summary “ 2800 Plymouth Road
\ Building 300, Room 303
January, 2020 o Ann Arbor, MI 48109

S Sstablished 198~

Overall Outcomes

Total Runs Survived ECLS Survived to DC or

Transfer
Neonatal
Pulmonary 32,385 28,417 87% 23,675 73%
Cardiac 8,830 6,097 69% 3,818 43%
ECPR 2,035 1,427 70% 861 42%
Pediatric
Pulmonary 10,346 7,471 2% 6,199 59%
Cardiac 12,538 9,042 72% 6,667 53%
ECPR 4,945 2,940 59% 2,086 42%
Adult
Pulmonary 24,395 16,971 69% 14,714 60%
Cardiac 25,488 15,184 59% 11,191 43%
ECPR 8,075 3,363 41% 2,387 29%
Total 129,037 90,912 70% 71,598 55%

Centers by year

480 16000
—~ =z
& c
3 3
- o
360 12000 D
o =
2 =4
< 2
O
Y 240 8000 a
o —_~
) O
o [
€ 2
S D
-~
Z 120 4000
o 4]

1990 1991 1992 1993 1994 1995 1996 1557 1998 1885 2000 2001 2002 2003 2004 2005 2006 2007 2008 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018
® Conters 83 86 98 111 112 112 115 112 115 112 115 115 119 117 118 130 131 135 150 164 183 205 246 278 314 342 368 412 435 430
= Runs 1644 1775 1933 1910 1880 1876 1868 1743 1720 1722 1862 1855 1808 1974 1825 2184 2346 2565 2803 3262 3445 4040 5150 6199 7718 8950 10334121301338412850



Indian J Thorac Cardiovasc Surg (April 2021) 37 (Suppl 2):5344-S350

S347

South Asia: Bangladesh, Bhutan, India, the Maldives,
Nepal, Pakistan, Sri Lanka, and Afghanistan.

West Asia: Armenia, Azerbaijan, Bahrain, Egypt, Georgia,
Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine,
Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates,
and Yemen.

In 2015, Africa was added to the SWAC region mak-
ing it SWAAC (South and West Asia, Africa chapter of
ELSO). The incorporation of African region increased
the number of participating countries to 83. Figure 3
is showing ELSO-registered centers worldwide.
Table 2 is showing SWAAC ELSO-registered ECMO
centers.

The initial logo of SWAC ELSO in 2014 is shown in the
figure below:

The subsequent logo of SWAAC ELSO in 2015 after ad-
dition of Africa is shown below, representing South Asia,
West Asia, and Africa:
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Infection has been playing a significant role in deciding
mortality on ECMO. Bizzaro et al. reported infection rates
being highest in the adult vs. the pediatric and neonatal pop-
ulations (30.6 vs. 20.8 vs. 10.1 infections per 1000 ECMO
days, respectively) and in those requiring extracorporeal car-
diopulmonary resuscitation (ECPR) (24.7 infections per 1000
ECMO days) [8]. Prevalence of infection increased with
prolonged duration of ECMO duration of ECMO. As the mul-
tidrug resistance (MDR) is reported to be high with the local
flora, it will be worth looking for strict implementation of safe
infection control precautions and antibiotic stewardship pro-
grams to keep the emergence of MDR strains low.

South Asia, West Asia, and Africa are special with respect
to the challenges offered to the healthcare delivery [9]. The
indications for ECMO have been varying in this geographic
region. Myocarditis due to scorpion stings, snake bites,
supporting patients post poisoning like organo-phosphorous
poisoning, and exposure to various other poisons such as
celphos poisoning are some of the examples. Acute respirato-
ry distress syndrome (ARDS) secondary to malaria, tubercu-
losis, typhus, dengue, and other newer varieties of viral pneu-
monias (SARS, HINI, MERS, H5N1, H7N9, etc.) offer ex-
citing opportunities for application of this life-saving modali-
ty. Controlling drug-resistant infections is a priority for the
successful run of ECMO. Other challenges also exist like the
lack of ideal transport facilities in most of the countries.
Cardiac ECMO as extended cardiopulmonary bypass is prac-
ticed much more widely than respiratory ECMO. These are
huge challenges, yet interesting avenues to discover innova-
tive methodology resulting in improvements in healthcare
throughout the world.

ECMO is one of the high-cost therapies as much of the dis-
posable equipment has to be imported. With innovations in
healthcare and manufacturing cannulae, circuits, and oxygena-
tors locally, it is possible to bring down the cost of ECMO
therapy. For entrepreneurs to invest in the manufacturing sector,
they should be assured of a high volume of cases. Once the
number of ECMO centers increases and SWAAC countries
come together with mutual co-operation, it is possible to offer
ECMO for reasonable cost. SWAAC ELSO consists of centers
which provide ECMO as part of National Health service as well
as those in developing countries offering ECMO on self-
funding. Meanwhile, exploring several paths for procuring fi-
nances such as effective utilization of the available funds,
healthcare insurance schemes made affordable to majority of
population by increasing awareness, private healthcare schemes
provided by the corporate sector, crowdfunding, healthcare
charities, and to some extent, personal funding should help in
making the life-saving healthcare options such as ECMO afford-
able to upper and middle income group families. It would be
worthwhile for government-funded/autonomous apical institu-
tions to adopt this technology in a cost-effective way as they
have the resources and man power available freely.
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Fig. 1 First annual conference of SWAC ELSO 2014

COVID-19 is posing significant problems to healthcare
infrastructure in the entire world. ELSO community unani-
mously agreed that in a pandemic, healthcare resources should
be targeted for proving the essential basic healthcare for the
affected people [10]. ECMO, as a resource intensive therapy,
should be applied in carefully selected patients with the
greatest chance of benefit from receiving ECMO in centers
with sufficient expertise and capacity to do so safely. We are
still learning the different ways in which this disease affects
humans. Until 3 June 2020, out of 131 patients placed on
ECMO in the SWAAC region, 53 survived (personal commu-
nication Dr. Ahmed Rabie). SWAAC ELSO member coun-
tries played their role in extending ECMO support to the

Fig. 2 Second annual conference of SWAC chapter of ELSO 2015 Bengaluru, India
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needy at the right point of time along with the sister chapters
of ELSO.

Lastly, becoming an ELSO member would be useful for
the ECMO practitioner and the institution to self-regulate
themselves and keep the standards upheld. By analyzing our
own data in a confidential manner and comparing it with the
international scenario will help in acknowledging our merits
and demerits, thereby helping the institutions to audit their
performance. It also helps in updating our knowledge, promo-
tional offers to uplift our units and compete for the best
ECMO center of excellence awards. The fees for corporate
ELSO membership are also reasonably priced according to
the world bank rankings of economies of the countries.
Table 3 is showing SWAC ELSO-registered Indian centers
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Fig. 3 ELSO centers worldwide (reproduced with permission of Peter Rycus, ELSO)

Table2 SWAAC

chapter of ELSO South and West Asia, Africa chapter of
countries ELSO

Bahrain

Egypt

India Bangalore
Gurgaon
Ludhiana
Mumbai
New Delhi
Secunderabad
Surat
Chennai
Bengaluru
Hyderabad
Lucknow
Kolkata

Kazakhstan

Kuwait

Lebanon

Nepal

Qatar

Saudi Arabia

South Africa

Sri Lanka

United Arab Emirates

Table3 SWAC ELSO-registered Indian centers as on July 2020
Country City ECMO center
India Bangalore Fortis hospital
Bangalore Aster CMI Hospital
Bangalore Manipal hospital, whitefield
Bangalore Narayana Institute of Cardiac Sciences
Gurgaon Fortis Memorial Research Institute
Ludhiana Dayanand Medical College
Mumbai Kokilaben Dhirubhai Ambani Hospital
Mumbai Riddhi Vinayak Critical Care and Cardiac
Centre
New Delhi The Simulation Society (TSS) at AIIMS
New Delhi Holy Family Hospital
Hyderabad and ~ Krishna Institute of Medical Sciences
Secunderabad
Hyderabad Rainbow Children’s hospital
Hyderabad Star hospitals
Hyderabad Yashoda Hospitals
Hyderabad AIG Hospitals
Surat Unique Hospital
Chennai Apollo Hospitals
Chennai Sri Ramachandra Medical Centre (Sri
Ramachandra Institute of Higher
Education and Research)
Lucknow Dr. Ram Manohar Lohia Institute of
Medical Sciences
Kolkata Medica Superspecialty Hospital

(Reproduced with permission of Peter Rycus, ELSO)
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as on July 2020. We encourage individual ECMO centers to
become ELSO members.
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