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Acute respiratory distress syndrome (ARDS) is the primary cause of respiratory failure in critically ill patients. Despite
remarkable therapeutic advances in recent years, ARDS remains a life-threatening clinical complication with high
morbidity and mortality, especially during the global spread of the coronavirus disease 2019 (COVID-19) pandemic.
Previous studies have demonstrated that mesenchymal stem cell (MSC)-based therapy is a potential alternative
strategy for the treatment of refractory respiratory diseases including ARDS, while extracorporeal membrane oxygena-
tion (ECMO) as the last resort treatment to sustain life can help improve the survival of ARDS patients. In recent years,
several studies have explored the effects of ECMO combined with MSC-based therapies in the treatment of ARDS,

and some of them have demonstrated that this combination can provide better therapeutic effects, while others have
argued that some critical issues need to be solved before it can be applied to clinical practice. This review presents

an overview of the current status, clinical challenges and future prospects of ECMO combined with MSCs in the treat-
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Main text

Acute respiratory distress syndrome (ARDS) is a devas-
tating disease caused by a variety of intrapulmonary or
extrapulmonary factors, such as infection, trauma and
shock, resulting in diffuse injuries to alveolar epithelial
cells and capillary endothelial cells. ARDS has high mor-
bidity and mortality, and is the primary cause for poor
prognosis in critically ill patients [1]. According to the
LUNG SAFE study, ARDS accounts for 10.4% of all inten-
sive care unit admissions, with a mortality rate ranging
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from 36.4 to 87% depending on the severity of the dis-
ease, and severe ARDS accounts for 23% of all cases with
a mortality rate of 46.1% [2—4]. Those who survived face
physical and mental sequelae, reduced quality of life and
higher medical costs [5]. With the progress of the times,
the understanding of ARDS has become more profound.
Whether it is early wet lung, shock lung, or later adult
respiratory distress syndrome, people have gradually
come to realize that ARDS is no longer a simple lung dis-
ease, but a mixture of multiple diseases, and an impor-
tant part of multiple organ dysfunction syndrome also
[6]. Because of this, it is difficult to define the focus of
therapeutic strategies. Currently, the main treatments
for ARDS mainly include diagnosis and treatment of
infections, protective mechanical ventilation strategies,
prone positioning, sedation management, fluid therapy,
and extracorporeal membrane oxygenation (ECMO) [1].
However, these are mostly some supportive measures,
and no targeted drug can effectively improve the clini-
cal outcome, especially for severe and critically ill ARDS
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patients. Due to the coronavirus disease 2019 (COVID-
19) pandemic, the global incidence of ARDS is likely to
increase further, and about 67-85% critically ill patients
infected with COVID-19 have developed ARDS with a
mortality rate of over 60% [7, 8]. Therefore, it is imminent
to search for effective treatment strategies.

Application of ECMO in ARDS

Since the influenza A (H1N1) pandemic in 2009, the
H7N9 avian influenza epidemic in 2013, and espe-
cially the global outbreak of COVID-19 infection in
2020, ECMO has been increasingly used as a rescue
and supportive treatment for ARDS [9, 10]. As ECMO
can improve oxygenation and removal of carbon diox-
ide, reduce ventilator support, and allow the lungs to
rest, thereby reducing ventilation-induced lung injury,
it is regarded as a life-saving treatment for critically ill
patients and some studies have shown that ECMO can
reduce the 60-day mortality rate of critically ill ARDS
patients [11, 12]. However, the benefit of ECMO in severe
ARDS patients has long been debated. The EOLIA trial, a
large randomized controlled study evaluating the efficacy
of early ECMO in the treatment of ARDS [13], showed
a slight reduction in 60-day mortality with ECMO (35%
vs. 46%, P=0.09). This may be because 28% patients in
the non-ECMO treatment group finally used ECMO
due to severe hypoxemia during the experiment, making
the effect of the ECMO treatment group not significant
[13]. Subsequent Bayesian and meta-analyses of this trial
suggested that early ECMO use helped reduce mortality
in patients with severe ARDS [14, 15]. The therapeutic
efficacy of ECMO may be influenced by many factors,
such as the etiology and severity of ARDS, whether adju-
vant therapy such as prone position ventilation is used,
and the setting of ventilator parameters during use [12,
16, 17]. In addition, age, gender and body mass index
are also thought to be associated with mortality [16].
For critically ill patients, prolonged use of ECMO sup-
port increases the occurrence of complications such as
bleeding, thrombosis, organ failure, and infection [18].
A follow-up survey reported that 36% patients still had
persistent dyspnea, and 30% patients continued to take
pulmonary drugs after discharge [19]. Another explana-
tion for the current high mortality rate with ECMO is the
complex immune damage induced during ECMO bypass
[19]. When the ECMO device is placed in the body it will
activate various coagulation and inflammatory responses
in the body, resulting in a rapid increase in the level of
pro-inflammatory factors, causing dysfunction of multi-
ple organ systems in severe cases [20]. Despite significant
improvements in ECMO devices (pump, cannula design
and oxygenator) and heparin-coated tubing, inflamma-
tory responses are unavoidable. Some studies [21, 22]
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reported that inflammatory factor levels in severe ARDS
patients were higher than those in mild, indicating that
controlling the inflammatory storm during ECMO in
ARDS patients may help improve the condition.

Mesenchymal stem cells (MSCs) therapy in ARDS
patients
Intensive efforts have long been made to develop effective
drugs for the treatment of ARDS. In recent years, MSCs
have received increasing attention as a means of treating
ARDS. MSCs are multipotent adult stem cells which can
be isolated from various tissues and organs, and the most
common sources for the treatment of respiratory diseases
are bone marrow (BM), umbilical cord blood (UCB), adi-
pose tissues (AT) and endothelial progenitor cells [23].
MSCs have the advantages of a self-renewal ability, low
immunogenicity, and an ability to home to damaged tis-
sues [24]. The role of MSCs mainly depends on their
paracrine mechanism, which can produce a variety of
immunomodulatory soluble factors to regulate inflam-
matory responses and reduce lung injury [25]. In addi-
tion, it can not only increase pulmonary fluid clearance
by secreting keratinocyte growth factor, but also pro-
mote the regeneration of type II alveolar epithelial cells
by secreting large amounts of angiopoietin-1 and hepato-
cyte growth factor, thereby restoring the epithelium cell
barrier function [26-28]. Another major mechanism is
associated with their homing ability. Chemokines such
as stromal cell-derived factor-1 released from the injured
lung tissue could mediate targeted migration of MSCs
to the injured lung tissue by binding to ligands such as
CXC-chemokine receptor type-4 released by MSCs [29].
The safety of MSCs in the treatment of ARDS has been
validated in many clinical studies. Zheng et al. recruited
12 patients with moderate-to-severe ARDS and randomly
divided them into a treatment group receiving a single
intravenous infusion of 1x10 ®cells/kg of AT-derived
MSCs (AT-MSCs), and a control group receiving the
same amount of normal saline within 48 h after enroll-
ment [30]. This study provided the first demonstration
that MSCs are safe and well tolerated in ARDS patients.
In a later double-blind randomized controlled trial of
COVID-19 ARDS, subjects received two intravenous
infusions of (100+20)x10° cells UCB-derived MSCs
(UCB-MSCs) and no serious adverse events related to
UCB-MSCs infusion were observed [31]. Other studies
have also had encouraging results [32, 33]. Few clinical
studies have focused on the assessment of therapeutic
effect of MSCs in ARDS. Dilogo et al. enrolled 20 ARDS
patients infected with COVID-19, and gave intrave-
nous infusion of 1x10%ells/kg UCB-MSCs and found
that the survival rate of the UCB-MSCs group was 2.5
times that of the control group [34]. They also found
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that UCB-MSCs transfusion could significantly reduce
the level of inflammatory factor IL-6 in the patients. In
another ARDS study for COVID-19, patients received
2 high-dose UCB-MSCs infusions of (100 +20)x 10°
cells/kg each time, and the finding was that UCB-MSCs
could effectively reduce mortality and shorten the recov-
ery time [31]. Other studies could not provide reliable
assessment on the efficacy of treatment because of some
research limitations [30, 35]. To further evaluate the
efficacy of MSC treatment, Willson et al. conducted a
2b trial (NCT03818854) in a larger number of patients.
A recent meta-analysis also concluded that MSCs can
reduce mortality in patients with ARDS [36]. Despite the
heterogeneity of these clinical trials, MSCs have gener-
ally shown a certain potential in the treatment of ARDS.
However, few studies used MSCs to treat the most severe
ARDS patients who required ECMO. These patients are
the ones who fail to respond to traditional treatments
and have the highest mortality rates, and often need
ECMO treatment the most.

Current situation and prospect of ARDS treatment
based on MSCs combined with ECMO

With the widely application of MSCs and the develop-
ment of ECMO in the treatment of ARDS, we believe that
combined use of the two can maximize the benefits in
that ECMO and MSCs can interact mechanistically. The
increased level of inflammatory factors and the decreased
number and function of lymphocytes during ECMO may
be the factors affecting the mortality of ARDS patients
[19], while MSCs can play an immunomodulatory func-
tion by inhibiting the Wnt/B-catenin pathway to inhibit
the apoptosis of resident cells and immune cells, thus
serving as a potential supportive therapy to alleviate the
adverse reactions of ECMO [37], thus promoting dis-
ease recovery and reducing ECMO time. In a previous
animal experiment, the authors found that fetal mem-
brane hematopoietic stem cells could reduce the systemic
inflammatory response in rat cardiopulmonary bypass
(CPB) by inhibiting the expression of inflammatory
cytokines and promoting the expression of protective
factors in the lung [38]. Therefore, the anti-inflamma-
tory effect of MSCs may be an effective method to con-
trol the inflammatory response during ECMO. ECMO
has also been shown to mobilize MSCs in patients with
ARDS [39]. Hoesli et al. isolated MSCs from the periph-
eral blood of term neonates requiring ECMO treatment
[40], and Patry et al. subsequently found that the num-
bers of the MSC subpopulations CD34~/CD73"/CD90*
and CD347/CD73%/CD29%/CD90" in adult patients
with ARDS treated with ECMO were significantly higher
than that in non-ECMO treated patients [39]. Whether
this mechanism is due to the relatively stable Ang2 level
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during ECMO promoting the regeneration of MSCs
remains to be investigated [39].

In animal research, Kocyildirim et al. used E. coli to
create a sheep model of ARDS and instilled multipotent
adult progenitor cells in the trachea [41], followed by
ECMO support and 6 h observation. They found that the
anti-inflammatory factor IL-10 in the blood of sheep in
ECMO plus multipotent adult progenitor cells group was
increased, and the levels of inflammatory factors IL-6,
IL-1p and IL-8 were decreased. (Table 1) In addition, the
lung tissue sections also showed a blank compared with
those in ECMO group and ARDS model, while neutro-
phil infiltration and hemorrhagic changes were signifi-
cantly milder in the control group. In another sheep trial
of MSCs combined with ECMO for ARDS [42], Millar
et al. instilled MSCs and cell-free carriers into the bron-
chi after 1-h ECMO placement, and found that although
MSCs reduced lung injury and inflammatory responses,
the adhesion of MSCs to the external oxygenator fiber
increased the transmembrane pressure and caused a
rapid decline of the oxygenator performance. Therefore,
it did not improve the oxygenation or ventilation param-
eters in the sheep model, the same as their previous
ex vivo experiments. The fact that MSC adhesion affects
the function of the oxygenator raises concerns and poses
challenges to the combination therapy of MSCs and
ECMO.

At present, there are few clinical studies on the treat-
ment of ARDS by MSC combined with ECMO, and most
studies have used MSCs in the later stages of ECMO,
despite they have exhibited positive effects. Simonson
et al. treated two adult patients with refractory ARDS
requiring VV-ECMO therapy with a single central vein
infusion of allogeneic BM-derived MSCs(BM-MSCs) at
a total dose of 2x10° cells/kg, and both showed clinical
improvement in lung function and were eventually dis-
charged from the hospital [43]. They were physical and
mental recovery during the 5-year follow-up after dis-
charge, with no sign of pulmonary fibrosis [44]. Kaushal
et al. [45] reported on 12 ARDS patients with COVID-
19 infection treated with BM-MSCs, and none of the 9
patients who underwent VV-ECMO treatment experi-
enced any MSC-associated adverse effects associated.
Compared with the control group receiving VV-ECMO
alone, their combination therapy not only more effec-
tively reduced the overall mortality (22.2% vs 48.4%,
P=0.25) but improved the oxygenation index and
inflammatory factor levels within a few days of MSC
infusion. This recent clinical trial seems provide strong
evidence for ECMO combination with MSCs therapy
under these conditions. In addition, several studies have
reported combination therapy of using UCB, knowing
that it is biologically close to embryonic stem cells and
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has a higher proportion of hematopoietic progenitor
cells and hematopoietic stem cells [46]. In addition, UCB
has advantages of easy access, rapid use and no harm to
the donor. Liu et al. [47] successfully treated a pediatric
patient with ARDS with severe pulmonary sporotrichia
pneumonia using UCB after 30-day failure of response
to full-flow VV-ECMO supportive therapy and his lung
function was significantly restored at subsequent follow-
up. These examples shown that MSCs not only have
good therapeutic efficacy in patients with severe ARDS
but have better therapeutic effects in some patients with
refractory ARDS who require ECMO treatment.

Barriers and future directions for MSCs combined
with ECMO in ARDS treatment

Although some studies have brought hope to this new
type of treatment, many urgent problems need to be
solved in addition to evaluating the effect of treatment
(Fig. 1). The first is the compatibility between MSCs
and ECMO oxygenators. Several studies have raised the
concern about MSC adhesion to the oxygenator surface,
worrying that it may affect the performance of the oxy-
genator [42]. Millar et al. [48] simulated an ex vivo model
of ECMO and intravascular administration of BM-MSCs,
and found that the blood flow of the ECMO oxygenator
decreased by 25% and the pressure gradient difference
before and after use of the oxygenator increased corre-
spondingly within 4 h after infusion. In addition, MSCs
were found attached to the plastic fibers of the oxygen-
ator. They believed that intravenous administration
would increase the unnecessary systemic distribution of
MSCs, so they used intratracheal administration in the
subsequent study, but the same problem occurred [42].
In a later study [38], Takuya et al. simulated the CPB
device used in pediatric cardiac surgery, and infused BM-
MSCs into the CPB device, while electron microscopy
did not find MSCs attached to the surface of the oxygen-
ator and the cellular viability of MSCs was not affected
as well. They believed this may be related to the different
oxygenator materials and braid winding techniques used
in the study. People have always been looking for ways to
improve the biocompatibility of membrane oxygenators
(MOs) with the human body, and using special materi-
als to manufacture MOs is one of the methods. There are
mainly three kinds of MO materials currently used: silica
gel, polypropylene (PP) and polymethylpentene (PMP).
Due to the poor performance of silicone MO, they have
been gradually replaced by PP and PMP MO. Compared
with PP, PMP has stronger tightness and its incidence
of plasma leakage is smaller than that of PP, and there-
fore it is therefore not prone to failure and is suitable for
long-term use. But Laluppa and colleagues have previ-
ously demonstrated that MSCs have strong adhesion to
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PMP [49]. Several studies explored the cause of MSC
adhesion in PMP-based MO, but no specific mechanism
was defined. Knowing that MSCs are a type of large cells
with a diameter of 10 pm to 30 pm, Zhang et al. [50]
proposed the use of MSC-derived extracellular vesicles
(EVs) in ECMO instead of MSCs. EVs have a diameter
of 30 nm-100 nm, which is much smaller than the diam-
eter of MSCs and the pore size in MO could potentially
avoid sticking to the oxygenator to impair the function
of the oxygenator. Some animal models showed that EVs
were as effective as MSCs in pulmonary vascularization
and alveolarization [51, 52]. In addition, through the
improvement of the drug delivery method, Liu et al. tem-
porarily clamped the outflow channel of ECMO when
infused UCB into the femoral vein, so that hematopoi-
etic stem cells could flow to the pulmonary circulation as
much as possible and avoid delivery to the ECMO pipe-
line [47]. Their experiences are worth learning from.

The second is thrombosis. When the human blood
comes into contact with the artificial ECMO cannula,
fibrinogen and albumin in the body will adhere to the
cannula surface and activate platelets and thrombin, lead-
ing to thrombosis [53]. In adult patients receiving ECMO
treatment, coagulation dysfunction may be as high as
33%, and MSC can activate coagulation pathways by
expressing tissue factors (TF) and other mechanisms [54,
55]. So, anticoagulation management cannot be ignored
in ECMO combination with MSCs therapy. To reduce
the procoagulant activity of the coagulation system and
prevent thrombosis during ECMO, exogenous systemic
anticoagulation and heparin-coated MO and ECMO
pipelines are usually employed. The most widely accepted
"gold standard" is continuous intravenous micropump
infusion of heparin for anticoagulation. Heparin has the
advantages of a precise anticoagulant effect, a short half-
life, antagonism by protamine and easy accessibility, but
it also increases the risk of heparin-induced thrombocy-
topenia. The heparin surface coating has also reported
to increased fibrin adhesion [49, 56]. More importantly,
it may interfere with the homing and migration of MSCs
to the lung tissue by blocking SDF-1-CXCR4 signaling
pathway [57]. Thrombin inhibitors such as bivalirudin
do not interfere with this signaling pathway, and have
become a new trend in anticoagulation therapy in CPB
in recent years, and may replace the anticoagulant func-
tion of heparin in combined therapy [57]. Stephenne and
colleagues suggest that dual anticoagulants of heparin
and bivalirudin can control the procoagulant activity of
MSCs to improve therapeutic efficacy [58]. In addition
to this, it is also crucial to develop reliable anticoagula-
tion standards. The anticoagulation strategy proposed
by the Extracorporeal Life Support Organization rec-
ommends a heparin bolus of 50-100 U/kg at intubation,



Cao et al. Intensive Care Medicine Experimental (2024) 12:12

e ECMO
Controversial clinical outcomes
Thrombosis
Bleeding

Systemic complications

® MSCs

Rarely used in patients with
severe ARDS

Other treatments
® Prone-position ventilation
® Treatment of infections
ARDS
@ Protective mechanical ventilation
@ Sedation management

® Fluid therapy

Oxygen J Air

Blender

N
ECMO 5%
Pump < ‘ 1‘ i

combination treatment >
<=

Severe ARDS g

Endotheli

Page 7 of 10

Adjustment of the ACT value
-

" Selection of anticoagulants
2
/Tnmmm are attached to
the ECMO tubes

Using special materials to manufacture MOs

Reduce the inflammatory
response during ECMO
=
induces i
e bo

— Surface modification

ST Improvement of the mode of administration

=
' &R‘pllumﬁm

MSCs and thrombosis
adhere to the oxygenator
Extracellular Vesicles

<=~ ECMO promote the re-
<=~ generationof MSCs

D,
S KGF 1 TNF |
@ 0 HGF
o Y Ang-1
ove @ °
-
8
= o

Anti-apoptotic Effect \/
FaF7
ai A

|

Anti-microbial Effect

Alveolar fluid clearance

Fig. 1 Mechanism, existing problems and solutions of ECMO combined with MSCs in the treatment of severe ARDS. Current treatment strategies
for ARDS, and the interaction, problems and solutions of ECMO combined with MSCs in the treatment of severe ARDS. ECMO extracorporeal
membrane oxygenation, MSCs mesenchymal stem cells, ARDS acute respiratory distress syndrome, ACT activated clotting time, MOs membrane
oxygenators, KGF keratinocyte growth factor, HGF hepatocyte growth factor, Ang-1 angiopoietin-1, TNF tumor necrosis factor, VEGF vascular
endothelial growth factor, PGE2 prostaglandin E2, IL interleukin, TIMP-T tissue inhibitor of metalloproteinases 1, FGF-7 fibroblast growth factor 7,
PGET prostaglandin E1, NETs neutrophil extracellular traps, TSG6 tumor necrosis factor-alphastimulated gene 6, IGF-T Insulin-like growth factor 1,

LL-37 leucine leucine 37

followed by an infusion of 7.5-20 U/kg/h, and the target
of whole blood activated clotting time is about 180-220 s
or partial thromboplastin time adjusted within the target
range of 1.5-2.5 times normal 60-80 s [59]. To prevent
thrombosis, Takuya et al. maintained a high target acti-
vated clotting time value and controlled activated clot-
ting time above 400 s in their in vitro experiment [38].
Other studies have suggested that elevated coagulation
potential in some severe disease states may lead to "func-
tional"” heparin resistance [60]. Therefore, in patients with
severe ARDS requiring ECMO treatment, higher doses
of heparin may be required to reduce heparin resistance
and thus reduce thrombosis during ECMO. In addition,
the procoagulant activity shown by MSCs from differ-
ent sources is also different. AT-MSCs appear to express
more TF than BM-MSCs and have a stronger procoagu-
lant effect [61]. Care should be taken to select cell sources
that express less TF when used in clinical settings.
Finally, to improve the therapeutic efficacy of MSCs
in ARDS patients using ECMO, several issues regard-
ing MSCs need to be considered, including the tim-
ing and method of MSC administration, the source of
MSCs, and the cost. Most current studies on combina-
tion therapy of MSCs and ECMO reported addition of
MSCs when ECMO therapy was ineffective during the

late hospitalization period, believing that it could produce
significant short-term results. But as ARDS is an acute
pathological process, whether administration of MSCs
in the early stage of the disease could be more helpful in
reducing ARDS inflammatory storm and adverse effects
of ECMO itself on the body remains to be validated. The
least fibrosis is observed in the exudative phase of ARDS
onset, that is, MSCs therapy within 7 days of ARDS diag-
nosis may be appropriate [35]. In terms of the availability
of MSCs, they can be obtained from different tissues and
there are functional variations between tissues [62]. UCB-
MSCs and BM-MSCs show better therapeutic potential
than AT-MSCs in acute lung injury animal models [63].
Compared with adult tissues, MSCs cultured from neo-
natal tissues have a longer viable lifespan, a higher pro-
liferation rate and higher differentiation potential [64].
Selecting sources of MSCs with specific biological proper-
ties may help improve the therapeutic efficacy. For exam-
ple, severe acute respiratory syndrome coronavirus 2
is mainly caused by the combination of S protein on the
surface of the virus and angiotensin-converting enzyme 2
on the surface of the cell to enter the host cell and cause
disease, while UCB-MSCs, BM-MSCs and AT-MSCs do
not express the angiotensin-converting enzyme 2 receptor
and therefore can be used to treat severe ARDS induced
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by severe acute respiratory syndrome coronavirus 2 [65].
Intravenous is the most widely used route of administra-
tion because it is less invasive and can be repeated [66].
Most cells injected via the intravenous route are retained
in the lung due to the first-pass effect, thereby prolonging
their persistence in the lung, which is most beneficial for
the treatment of lung diseases [67]. Although some stud-
ies reported the phenomenon of oxygenator adhesion in
their vitro experiments, they may not have performed the
gas exchange experiment of the oxygenator and ignored
the effect of MSCs on the lung. Intratracheal administra-
tion can directly deliver MSCs to the damaged site, thus
reducing the systemic distribution of MSCs, which may be
theoretically more beneficial to ECMO patients. However,
adhesion problems have also occurred in these animal
studies [42], but the effects in current clinical applications
are similar whether by intratracheal or intravenous admin-
istration, and no adhesion problem has been reported.
The optimal dose of MSCs has not yet been determined.
Most studies have confirmed that a single dose of 1x10°
cells/kg is safe, and the safe dose in other clinical studies
ranges from 1x10° cells/kg to 400x10° cells/kg. Due to
the short residence time of MSCs in the lung tissue after
administration, very few MSCs play a role [25], so some
studies chose multiple administrations to prolong the
action time. Although a single dose has achieved good
therapeutic effects, it may be possible to further improve
lung repair function with multiple doses based on half-life
[68]. Recent studies have shown that the cell activity of
MSC can be improved by cryopreservation in combination
with cell cycle [69]. In addition, the high-cost problem is
also an obstacle for future MSC application. ECMO treat-
ment itself is an advanced and expensive technique that is
highly dependent on specialized personnel and advanced
technology. According to statistics, ECMO hospitalization
costs range from $22,305 to $334,608 [70]. However, the
conditions for the preparation of MSCs are strict and the
number of effective MSCs cells extracted from bone mar-
row or other sources is small each time, so it also increases
the cost of treatment [71]. In recent years, the use of MSC-
EVs and mononuclear cells to replace MSCs has been
investigated. They are more accessible and easier to store
[72]. In addition, they can be prepared in advance for rapid
clinical use when needed and EVs also have a longer half-
life than MSCs [73], and both MSCs and EVs have shown
good therapeutic effects in clinical practice [47, 74].

Conclusion

The high morbidity and mortality rates of ARDS and the
lack of specific medications remain formidable clini-
cal challenges at present. The number of patients with
severe ARDS has risen since the outbreak of COVID-19,
for whom safe more effective and affordable therapeutic
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strategies are urgently needed. The safety and efficacy of
MSCs and ECMO in the treatment of ARDS have been
investigated in phase 1 and 2 clinical trials, and some of
them have ready advanced to phase 3 trials. ECMO com-
bined with MSCs therapy for severe ARDS cases, espe-
cially those complicated by COVID-19 infection are still
in the infant stage. Although some studies have demon-
strated the therapeutic potential of combination therapy of
MSCs and ECMO, more randomized controlled trials are
required to confirm the safety and efficacy of combination
MSCs and ECMO therapy. There are still numerous issues
that need to be addressed to achieve the optimal therapeu-
tic effect before it can be used in clinical practice.

Take-home message: This paper discusses the recent
progress of ECMO combined with MSCs in the treat-
ment of severe ARDS.
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