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A B S T R A C T

Background

Stem cell therapy (SCT) has been proposed as an alternative treatment for dilated cardiomyopathy (DCM), nonetheless its eOectiveness
remains debatable.

Objectives

To assess the eOectiveness and safety of SCT in adults with non-ischaemic DCM.

Search methods

We searched CENTRAL in the Cochrane Library, MEDLINE, and Embase for relevant trials in November 2020. We also searched two clinical
trials registers in May 2020.

Selection criteria

Eligible studies were randomized controlled trials (RCT) comparing stem/progenitor cells with no cells in adults with non-ischaemic DCM.
We included co-interventions such as the administration of stem cell mobilizing agents. Studies were classified and analysed into three
categories according to the comparison intervention, which consisted of no intervention/placebo, cell mobilization with cytokines, or a
diOerent mode of SCT.

The first two comparisons (no cells in the control group) served to assess the eOicacy of SCT while the third (diOerent mode of SCT) served
to complement the review with information about safety and other information of potential utility for a better understanding of the eOects
of SCT.

Data collection and analysis

Two review authors independently screened all references for eligibility, assessed trial quality, and extracted data. We undertook a
quantitative evaluation of data using random-eOects meta-analyses. We evaluated heterogeneity using the I2 statistic. We could not explore
potential eOect modifiers through subgroup analyses as they were deemed uninformative due to the scarce number of trials available.
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We assessed the certainty of the evidence using the GRADE approach. We created summary of findings tables using GRADEpro GDT. We
focused our summary of findings on all-cause mortality, safety, health-related quality of life (HRQoL), performance status, and major
adverse cardiovascular events.

Main results

We included 13 RCTs involving 762 participants (452 cell therapy and 310 controls). Only one study was at low risk of bias in all domains.
There were many shortcomings in the publications that did not allow a precise assessment of the risk of bias in many domains. Due to
the nature of the intervention, the main source of potential bias was lack of blinding of participants (performance bias). Frequently, the
format of the continuous data available was not ideal for use in the meta-analysis and forced us to seek strategies for transforming data
in a usable format.

We are uncertain whether SCT reduces all-cause mortality in people with DCM compared to no intervention/placebo (mean follow-up 12
months) (risk ratio (RR) 0.84, 95% confidence interval (CI) 0.54 to 1.31; I2 = 0%; studies = 7, participants = 361; very low-certainty evidence).
We are uncertain whether SCT increases the risk of procedural complications associated with cells injection in people with DCM (data could
not be pooled; studies = 7; participants = 361; very low-certainty evidence). We are uncertain whether SCT improves HRQoL (standardized
mean diOerence (SMD) 0.62, 95% CI 0.01 to 1.23; I2 = 72%; studies = 5, participants = 272; very low-certainty evidence) and functional
capacity (6-minute walk test) (mean diOerence (MD) 70.12 m, 95% CI –5.28 to 145.51; I2 = 87%; studies = 5, participants = 230; very low-
certainty evidence). SCT may result in a slight functional class (New York Heart Association) improvement (data could not be pooled; studies
= 6, participants = 398; low-certainty evidence). None of the included studies reported major adverse cardiovascular events as defined
in our protocol. SCT may not increase the risk of ventricular arrhythmia (data could not be pooled; studies = 8, participants = 504; low-
certainty evidence).

When comparing SCT to cell mobilization with granulocyte-colony stimulating factor (G-CSF), we are uncertain whether SCT reduces all-
cause mortality (RR 0.46, 95% CI 0.16 to 1.31; I2 = 39%; studies = 3, participants = 195; very low-certainty evidence). We are uncertain
whether SCT increases the risk of procedural complications associated with cells injection (studies = 1, participants = 60; very low-certainty
evidence). SCT may not improve HRQoL (MD 4.61 points, 95% CI –5.62 to 14.83; studies = 1, participants = 22; low-certainty evidence). SCT
may improve functional capacity (6-minute walk test) (MD 140.14 m, 95% CI 119.51 to 160.77; I2 = 0%; studies = 2, participants = 155; low-
certainty evidence). None of the included studies reported MACE as defined in our protocol or ventricular arrhythmia.

The most commonly reported outcomes across studies were based on physiological measures of cardiac function where there were some
beneficial eOects suggesting potential benefits of SCT in people with non-ischaemic DCM. However, it is unclear if this intermediate eOects
translates into clinical benefits for these patients.

With regard to specific aspects related to the modality of cell therapy and its delivery, uncertainties remain as subgroup analyses could
not be performed as planned, making it necessary to wait for the publication of several studies that are currently in progress before any
firm conclusion can be reached.

Authors' conclusions

We are uncertain whether SCT in people with DCM reduces the risk of all-cause mortality and procedural complications, improves HRQoL,
and performance status (exercise capacity). SCT may improve functional class (NYHA), compared to usual care (no cells).

Similarly, when compared to G-CSF, we are also uncertain whether SCT in people with DCM reduces the risk of all-cause mortality although
some studies within this comparison observed a favourable eOect that should be interpreted with caution. SCT may not improve HRQoL but
may improve to some extent performance status (exercise capacity). Very low-quality evidence reflects uncertainty regarding procedural
complications. These suggested beneficial eOects of SCT, although uncertain due to the very low certainty of the evidence, are accompanied
by favourable eOects on some physiological measures of cardiac function.

Presently, the most eOective mode of administration of SCT and the population that could benefit the most is unclear. Therefore, it seems
reasonable that use of SCT in people with DCM is limited to clinical research settings. Results of ongoing studies are likely to modify these
conclusions.

P L A I N   L A N G U A G E   S U M M A R Y

Bone marrow cells in non-ischaemic dilated cardiomyopathy

Review question

Are bone marrow cells safe and eOective as a treatment for non-ischaemic dilated cardiomyopathy (DCM)?

Background

DCM is a disorder of the heart muscle with heart dilation (heart muscle becomes stretched) and impaired contraction, in the absence of
high blood pressure, damaged or diseased heart valves, or heart disease present at birth or related to myocardial infarction (heart attack).
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The current standard of treatment is based on medicines and cardiac devices. However, DCM is still one of the leading causes of heart
transplantation in adults.

Stem cells are special cells produced in the bone marrow that are able to develop into many diOerent cell types. Giving stem cells directly
into the heart muscle has been proposed as an alternative treatment to reduce or stop further deterioration in heart function in people
with DCM.

Study characteristics

We selected randomized controlled trials (RCTs; clinical studies where people are randomly put into one of two or more treatment
groups) comparing the infusion of bone marrow-derived stem cells into the heart muscle with the usual-care (control) treatment in people
diagnosed with DCM. We searched multiple databases for trials up to 10 November 2020.

We included 13 RCTs involving 762 participants (452 receiving stem cell therapy and 310 controls). The trials included people with severe
symptoms of ischaemic (following a heart attack) and non-ischaemic DCM. We selected only the data from non-ischaemic DCM.

The studies included an average of 60 people aged about 45 to 58.5 years and 50% to 89% men in each trial. Following therapy, the
participants were assessed for six months to five years, with most at one year. One study declared a private funding whereas seven others
had public or governmental funding, two had non-profit funding, and four did not report this information.

Key results

SCT versus control: very low-quality evidence reflects uncertainty regarding mortality, procedural complications, health-related quality
of life and exercise capacity. Low-quality evidence suggests that SCT may slightly improve deterioration of heart function and may not
increase the risk of abnormal heartbeats in people with DCM. No studies reported other relevant outcomes such as major cardiac adverse
events.

STC plus cytokine versus control: very low-quality evidence reflects uncertainty regarding mortality. Low-quality evidence suggests that
SCT plus cytokine may not improve health-related quality of life but may improve exercise capacity as well as some physiological measures
related to cardiac function (although it is unclear to what extent these latter outcomes are associated with relevant clinical benefits
for patients). Hence, the results should be interpreted with caution. Very low-quality evidence reflects uncertainty regarding procedural
complications. No studies reported major cardiac adverse events or abnormal heartbeats.

Due to the limited number of studies we could not perform analyses to identify which specific features of SCT and clinical characteristics
of patients are associated with better results. Thus, more research is needed to establish the role of SCT in the treatment of DCM and the
most eOective therapies.

Quality of evidence

The evidence in this review is of low to very low quality due to the small number of events, results not similar across studies, risk of bias, and
issues with study design. Furthermore, the limitations in the reporting of most studies made it diOicult to obtain and use the information
to reach clearer conclusions.
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Summary of findings 1.   Stem cell therapy compared to control for dilated cardiomyopathy

SCT compared to control for DCM

Patient or population: DCM (non-ischaemic)
Setting: hospital for procedure; follow-up ambulatory
Intervention: SCT (any type)
Comparison: Control (no intervention or sham intervention)

Anticipated absolute effects*
(95% CI)

Outcomes № of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative effect
(95% CI)

Risk with con-
trol

Risk with SCT

Comments

All-cause mor-
tality

Mean follow-up
12 months

361
(7 studies)

⊕⊝⊝⊝

Very low a,b

RR 0.84
(0.54 to 1.31)

196 per 1000 165 per 1000

(106 to 257)

We are uncertain whether SCT reduces all-cause mortal-
ity in people with DCM.

We excluded 1 further study (29 participants) from the
meta-analysis because there were no events in either
group (Henry 2014).

See Table 1 for more details on mortality.

Procedural
complications

Within 30 days

361

(7 studies)

⊕⊝⊝⊝

Very low a,c

Not estimable See comment See comment We are uncertain whether SCT increases the risk of pro-
cedural complications in people with DCM.

The definition of this outcome varied widely between
studies. In some, it was included as an adverse event.
For this reason, this outcome is only presented narra-
tively. Overall, SCT is perceived as a safe intervention.

Health-related
quality of life

Mean follow-up
12 months

272
(5 studies)

⊕⊝⊝⊝

Very low d,e,f
— — SMD 0.62 high-

er

(0.01 higher to
1.23 higher)

We are uncertain whether SCT improves health-related
quality of life in people with DCM.

It was not possible to calculate mean value in the con-
trol group, considering that studies used different
scales. Using Cohen 1988's approach, we interpret this
SMD as a medium-to-large effect estimate.

Performance
status – 6MWT
(m)

230
(5 studies)

⊕⊝⊝⊝

Very low

— 246.9 (SD 141.9) MD 70.12 m
higher

We are uncertain whether SCT improves performance
status assessed by 6MWT in people with DCM.
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Mean follow-up
12 months

a,b,e, (5.28 lower to
145.51 higher)

For the risk with control we used the mean average of
the control groups of the included studies.

1 additional study assessed exercise time and found an
improvement with SCT (P = 0.01) but a decrease in the
control group after 1 year (Hamshere 2015).

Performance
status –
change in func-
tional class
(NYHA)

Mean follow-up
12 months

398

(6 studies)

⊕⊕⊝⊝

Low a,g

Not estimable See comment See comment SCT may result in a slight functional class (NYHA) im-
provement in people with DCM.

6 studies reported change in functional class (NYHA) in a
diverse way that did not allow pooling of data. All stud-
ies reported a significant improvement with SCT.

MACE 0

(0 studies)

— — — — No studies reported MACE as defined in our protocol (Di-
az-Navarro 2019).

Ventricular ar-
rhythmia

Mean follow-up
12 months

504

(8 studies)

⊕⊕⊝⊝

Low a,g

Not estimable See comment See comment SCT may not increase the risk of ventricular arrhythmia
in people with DCM.

Overall, ventricular arrhythmia rates were similar be-
tween groups.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

6MWT: 6-minute walk test; CI: confidence interval; DCM: dilated cardiomyopathy; MACE: major adverse cardiovascular events; MD: mean difference; NYHA: New York Heart
Association; RCT: randomized controlled trial; RR: risk ratio; SCT: stem cell therapy; SD: standard deviation; SMD: standardized mean difference.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level due to unclear risk of bias related to randomization and allocation concealment and high risk of attrition bias and selective reporting.
bDowngraded two levels for imprecision due to optimal information size not being met and confidence intervals including the threshold of null eOect.
cDowngraded two levels for inconsistency as the outcome had high heterogeneity within included studies.
dDowngraded one level due to unclear risk of bias related to randomization and allocation, and high risk of bias regarding blinding.
eDowngraded two levels due to inconsistency (I2 = 80%). The substantial heterogeneity observed was attributable to Martino 2015 (MiHEART), a robust trial with a relatively large
sample size, which did not show a beneficial eOect of SCT on this outcome (measured using the Minnesota Living with Heart Failure Questionnaire), contrary to what is suggested
by the other studies.
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fDowngraded one level for imprecision due to wide confidence intervals (reflecting both a null and a relevant eOect).
gDowngraded one level for indirectness due to diOerent definitions of the outcome.
 
 

Summary of findings 2.   Stem cell therapy (any type) compared to peripheral therapy with granulocyte colony-stimulating factor for dilated
cardiomyopathy

SCT (any type) compared to G-CSF for DCM

Patient or population: DCM (non-ischaemic)
Setting: hospital for procedure, follow-up ambulatory
Intervention: SCT (any type)
Comparison: G-CSF (peripheral therapy with granulocyte colony-stimulating factor)

Anticipated absolute effects*
(95% CI)

Outcomes № of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Relative effect
(95% CI)

Risk with con-
trol

Risk with SCT

Comments

All-cause mor-
tality

Follow-up to 5
year

195
(3 studies)

⊕⊝⊝⊝

Very low a,b
RR 0.46
(0.16 to 1.31)

278 per 1000 128 per 1000

(45 to 365)

We are uncertain whether SCT reduces all-cause mortal-
ity in people with DCM.

See Table 1 for more details on mortality.

Procedural
complications
(safety)

Follow-up 1
year

60

(1 study)

⊕⊝⊝⊝

Very low b,c
Not estimable See comment See comment We are uncertain whether SCT increases the risk of pro-

cedural complications in people with DCM.

Hamshere 2015 assessed the safety of the SCT infusion
by measurement of creatine kinase and troponin T con-
centrations 12 hours after infusion. There were no cas-
es of distal coronary artery occlusion, acute cardiac dys-
function, or significant creatine kinase or troponin T re-
lease. 1 participant experienced a localized coronary
dissection during infusion. No complications or adverse
events associated with G-CSF therapy.

Health-related
quality of life

Follow-up 1
year

22
(1 study)

⊕⊕⊝⊝

Lowc

— 9.39

(SD 14.72)

MD 4.61 higher
(5.62 lower to
14.83 higher)

SCT may not improve health-related quality of life in
people with DCM.

For the risk with control, we used the mean of the con-
trol group of the only included study.

Performance
status – func-

0 — — — — No studies reported this outcome.
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tional class
(NYHA)

(0 studies)

Performance
status – exer-
cise tolerance
(6MWT) (m)

Follow-up to 5
years

155
(2 studies)

⊕⊕⊝⊝

Low a
— 138.9

(SD 61.19)

MD 140.14 m
higher (119.51
higher to 160.77
higher)

SCT may improve performance status assessed by
6MWT in people with DCM.

For the 2 studies included in this analysis, we obtained
raw data from a figure by using a software.

For the risk with control, we used the mean average of
the control groups of the included studies.

1 additional study assessed exercise time and found an
improvement with SCT (P = 0.01) but a decrease in the
control group after 1 year (Hamshere 2015).

MACE 0

(0 studies)

— — — — No studies reported MACE as defined in our protocol (Di-
az-Navarro 2019).

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

6MWT: 6-minute walk test; CI: confidence interval; DCM: dilated cardiomyopathy; G-CSF: granulocyte colony-stimulating factor; MD: mean difference; NYHA: New York
Heart Association; RR: risk ratio; SCT: stem cell therapy; SD: standard deviation.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for risk of bias due to serious concerns about selective reporting with two studies. In Vrtovec 2011, there were inconsistencies between the trial register
(NCT00629018) and the final publication regarding the total number of participants (110 vs 55), the time point for the outcomes (5 years vs 1 year) and some of the outcomes
that were planned and finally reported, and there is a high suspicion that participants reported in Vrtovec 2011 were also included in the Vrtovec 2013a (NOGA-DCM) analysis.
For Vrtovec 2013a (NOGA-DCM), the trial was registered as a phase II study to compare between intracoronary versus intramyocardial injection of SCT (NCT01350310), nevertheless
the publication described a comparison between SCT and no cell therapy. We made several attempts to contact the authors with no reply.
bDowngraded one level for indirectness due to concerns about the population. Vrtovec 2013a (NOGA-DCM) has a ClinicalTrials.gov record (NCT01350310), which had an actual
primary completion date of August 2014, but the study was published in 2013 aHer 5 years' follow-up. We made many attempts to contact the author with no reply.
cDowngraded two levels for imprecision due to optimal information size not being met.
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B A C K G R O U N D

Description of the condition

Dilated cardiomyopathy (DCM), also known as non-ischaemic
DCM, is a heart muscle disorder defined by the presence of leH
ventricular or biventricular systolic dysfunction and dilation in the
absence of hypertension, valvular, congenital, or ischaemic heart
disease (Bozkurt 2016; Pinto 2016). DCM is the most common
form of non-ischaemic cardiomyopathy worldwide (JeOeries 2010;
McKenna 2017), and represents one of the leading causes for
heart transplantation in adults (Merlo 2016; Stehlik 2011). DCM
was first described by the World Health Organization (WHO) in
1980 (WHO/ISFC 1980), and its prevalence is estimated at 1 in
2500 people (Hershberger 2013). Most people with DCM present
with symptoms of heart failure, including dyspnoea and fatigue on
exertion, orthopnoea, ankle oedema, and excessive sweating (Dec
1994; Weintraub 2017). Survival in people with DCM is extremely
poor aHer the diagnosis, and early studies have shown that most
deaths occur within the first two years of follow-up (Díaz 1987;
Fuster 1981). Optimal medical therapy as a first-line treatment,
either with or without device therapy (Ponikowski 2016; Yancy
2013), has progressively and significantly improved the long-term
prognosis of DCM since the early 1990s (Merlo 2014). However,
although a proportion of patients recover cardiac function, in the
long term there is a trend towards worsening of leH ventricular
function (Merlo 2015). Cardiac transplantation is reserved for
extremely ill patients and for those needing continuous intravenous
inotrope support, mechanical ventilatory support or ventricular
assist device support (JeOeries 2010). The use of stem cell therapy
(SCT) may be an alternative treatment to reduce or stop further
deterioration of leH ventricular function in people with end-stage
DCM. However, two systematic reviews have shown some benefits
in terms of systolic function and mortality but not in exercise
tolerance (Lu 2016; Marquis-Gravel 2014).

Description of the intervention

Stem cells are types of cells with special characteristics, such
as proliferation, self-renewal, regeneration, and the possibility
of generating diOerent lineages of diOerentiated progeny (Blau
2001). These features have prompted the development of SCT. The
objective of SCT in the treatment of DCM is to achieve cardiac
muscle regeneration and recovery of functional capacity, either
by replacing the dead myocardium or by activating physiological
repair mechanisms (Menasché 2018). The first description of cell
transplantation into the human myocardium was a case report
published in 2001 using skeletal myoblasts (Menasché 2001). Since
then, cell-based therapies have been used in diOerent trials for
treating ischaemic and non-ischaemic heart failure (Fisher 2016a;
Menasché 2018; Poglagen 2018; Vrtovec 2018a).

To date, several stem cell types, autologous and allogeneic,
have been considered for the treatment of people with chronic
heart failure secondary to ischaemic cardiomyopathy and DCM.
These include skeletal myoblasts, haematopoietic stem cells,
mesenchymal stem cells, cardiac stem cells, and cardiosphere-
derived cells (Menasché 2018). Haematopoietic stem cells may
be collected from peripheral venous blood aHer a mobilization
procedure involving injection of a growth-stimulating factor
(usually granulocyte colony-stimulating factor, G-CSF) over the
previous days to increase the number of progenitor cells in the
blood and to later culture these cells ex vivo. Bone marrow-

derived stem cells may also be isolated directly from bone marrow
aspiration, a procedure in which a small sample of liquid bone is
aspirated with a syringe under local anaesthesia, usually from the
ilium of people receiving cell therapy (Strauer 2002). AHerwards,
bone marrow mononuclear cells (BMMC) are separated from
other bone marrow cells (BMC) by density gradient centrifugation
(Assmus 2002; Erbs 2005). Stem cells are then administered to
the patient using diOerent delivery methods. The cells can be
delivered through coronary arteries (Choudry 2016), coronary
sinus (Patel 2015), or peripheral veins (Hare 2009). Alternatively,
direct intramyocardial injection can be performed using a surgical
approach (Stamm 2003), or transendocardial (Psaltis 2010).

How the intervention might work

Some authors have suggested favourable eOects of SCT for non-
ischaemic DCM, such as improvement in ventricular function,
functional capacity, and quality of life (Frljak 2018; Poglagen
2018). Although the mechanism of action of SCT is not completely
understood, two main mechanisms may promote cardiac repair.
The first is that transplanted cells are engraHed into the
damaged myocardium, where they generate new myocardial
tissue to replace the tissue that has been irreversibly lost.
The second is that SCT acts by activating endogenous repair
mechanisms (Menasché 2018). This paracrine mechanism may
produce stimulatory cytokines that increase vascularity, promote
cardiomyocyte proliferation, limit or reduce fibrosis, or activate
endogenous resident stem cells (Behfar 2014). SCT may also
modulate the immune system, improve endothelial function, and
reverse ventricular remodelling (Hare 2017).

Why it is important to do this review

Both the European Society of Cardiology (ESC) in 2016 (Ponikowski
2016), and the American Heart Association (AHA) in 2013 (Yancy
2013), refer to this therapy as an evolving therapy, and more data
are needed to establish a recommendation. In the last review
published by the AHA regarding diagnosis and treatment of DCM,
cell therapy is not supported for general management (Bozkurt
2016).

Despite several clinical trials since the early 2010s, controversy
remains regarding the role of SCT in DCM. For instance, SCT has not
been included in major clinical practice guidelines (Bozkurt 2016;
Ponikowski 2016).

Systematic reviews of trials published before 2015 reported
that, compared with conventional therapy, BMMC therapy had a
moderate eOect on leH ventricular ejection fraction (LVEF) and
leH ventricular end-systolic volume (LVESV) in non-ischaemic DCM
(Wen 2018). An earlier review concluded the bone marrow-derived
SCT may have some eOect on mortality, a mild-to-moderate eOect
on LVEF increase within six months, but no improvement in
functional capacity (Lu 2016).

Since then, additional trials have been conducted using cell-based
therapies for treating non-ischaemic heart failure (Butler 2017;
Chen 2008; Frljak 2018; Hare 2017; Vrtovec 2011; Vrtovec 2013;
Vrtovec 2018b; Xiao 2017). The results of these trials provide a
rationale for proposing this Cochrane Review to ascertain whether
this intervention provides clinical benefits in people with DCM.

Stem cell therapy for dilated cardiomyopathy (Review)
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O B J E C T I V E S

To assess the eOicacy and safety of SCT in adults with non-
ischaemic DCM.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included parallel-arm individually randomized controlled trials
(RCTs). Due to the specific nature of this intervention, we deemed
cluster-RCTs not feasible or cross-over RCTs not appropriate
designs to assess mid- or long-term clinical eOects of SCT.

We did not restrict the study selection by publication status. We
applied no restrictions on language of publication.

Types of participants

We included trials that evaluated adults aged 18 years or older with
a diagnosis of non-ischaemic DCM (as defined by the trial authors).

We also included trials that evaluated both ischaemic and non-
ischaemic disease when specific data for the participants with non-
ischaemic DCM was available and could be extracted.

Types of interventions

We included trials that compared:

• any type or delivery modality of SCT versus no intervention,
sham intervention, or placebo (comparison 1);

• SCT versus therapy with G-CSF or any other cytokine that
stimulates the proliferation and diOerentiation of precursor cells
in the bone marrow (but not comprising SCT) (comparison 2);

• diOerent types or delivery modalities of SCT against each other
(comparison 3).

SCT in the context of this review may have consisted of a
variety of modalities according to cell origin (autologous or
heterologous), cell collection location (bone marrow-derived cells
or peripheral blood cells), type of cells infused (bone marrow-
derived mesenchymal stromal cells, mononuclear cells, myeloid
cells, lymphoid cells, or mixed cells), delivery route (intracoronary,
intramyocardial, or transendocardial), number of cell infusions
(single or repeated infusions), volume of cells infused (high or
low), and use of G-CSF or cytokines for mobilization of stem
cells. Although we had planned to take these variations into
consideration by conducting subgroup analysis and investigation
of heterogeneity, this was not done for the reasons noted below.

We accepted any type of co-intervention (guideline-recommended
pharmacological and device therapy or G-CSF) when such co-
intervention was provided similarly to the experimental and control
groups.

Types of outcome measures

For trials that reported outcomes at several follow-up points, we
used the latest available time point for analysis of each outcome.

We had planned that if a published trial did not report any one of
these outcomes, we would contact the trial authors to ascertain
whether the outcomes were measured but not reported. This

situation did not occur. All included trials measured and reported at
least one of the below outcomes. For those outcomes that were not
reported in a usable format, we presented the results in a narrative
form.

When the information available in the article (main and secondary
papers related to the same trial) was not detailed enough,
whenever possible we used the information obtained in the
ClinicalTrials.gov registry. Additionally, we contacted all study
contact authors to complete information that was not available in
other public sources.

Primary outcomes

• All-cause mortality.

• Safety, as indicated by periprocedural complications occurring
at the time of bone marrow aspiration or administration of SCT
or control.

• Safety, as documented adverse events (AE) (including
tumorigenesis) within 30 days of treatment.

Secondary outcomes

• Health-related quality of life, as measured using a validated
tool (e.g. Kansas City Cardiomyopathy Questionnaire (KCCQ),
Minnesota Living with Heart Failure Questionnaire (MLHFQ), and
EuroQol-5D Questionnaire (EQ-5D).

• Performance status – functional class (New York Heart
Association).

• Performance status – exercise tolerance (6-minute walk test).

• Rehospitalizations.

• Heart failure.

• Ventricular arrhythmia.

• Complete atrioventricular block.

• Major adverse cardiovascular events (defined as non-fatal
stroke, non-fatal myocardial infarction, or cardiovascular
death).

• Change in leH ventricular ejection fraction (LVEF).

• Change in leH ventricular end-systolic volume (LVESV).

• Change in leH ventricular end-diastolic volume (LVEDV).

• Change in plasma natriuretic peptide levels (brain natriuretic
peptide [BNP] and N-terminal pro b-type natriuretic peptide
[NT-proBNP]).

Although the scope of this review was to assess the clinical eOects of
SCT in people with DCM, we retained the outcome of LVEF because it
is a widely reported surrogate for cardiac function. We also included
the surrogate outcomes of LVESV and LVEDV because we consider
these to be more meaningful than LVEF in this context.

We have used one quality of life measure per study. For studies
reporting two or more quality of life measures, we prioritized the
measure with a specific instrument in people with cardiomyopathy
over a generic one.

Search methods for identification of studies

Electronic searches

We performed systematic electronic searches of the following
bibliographic databases on 10 November 2020:

Stem cell therapy for dilated cardiomyopathy (Review)
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• Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library (2020, Issue 11);

• Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
MEDLINE Daily and MEDLINE (Ovid, 1946 to 9 November 2020);

• Embase (Ovid, 1980 to 2020 week 45).

We also conducted a search in ClinicalTrials.gov
(www.ClinicalTrials.gov), and the WHO International Clinical Trials
Registry Platform (ICTRP) Search Portal (apps.who.int/trialsearch),
for ongoing or unpublished trials in May 2020. For the search
in both registries, the keywords were 'cell therapy' and 'dilated
cardiomyopathy.'

We searched all databases from their inception to the present, with
no restriction on language of publication or publication status. We
found no retraction statements or errata for included studies.

We adapted the preliminary search strategy for MEDLINE for use
in the other databases (Appendix 1). We applied the Cochrane
sensitivity-maximizing RCT filter to MEDLINE and adapted it to
Embase, but not CENTRAL (Lefebvre 2011).

We did not perform a separate search for adverse eOects of
interventions used for the treatment of DCM. We considered
adverse eOects described in included studies only.

Searching other resources

We also:

• searched the reference lists of all identified eligible papers
and relevant systematic or narrative (or both) reviews as
a complementary source for study identification and for
validating our electronic search strategy;

• searched in Epistemonikos in order to identify systematic
reviews on the topic (www.epistemonikos.org), as well as all
primary studies included in them by using the tool 'matrix of
evidence;'

• conducted a cross-citation search in Google Scholar, using each
included study as the index reference;

• contacted all authors of the included studies to request
additional information.

Data collection and analysis

Selection of studies

Three review authors (DP, FV, and GU) working in pairs
independently screened the search results based on the title and
abstract. At this stage, we coded decisions as 'retrieve' (eligible
or potentially eligible/unclear) or 'do not retrieve.' We retrieved
full-text copied of the references deemed eligible (those
coded as 'retrieve'), and the same authors independently
confirmed eligibility based on the inclusion criteria. We resolved
disagreements at either phase by consensus or by discussion with
two other review authors (RD and EM). We coded reasons for
exclusion of the ineligible studies.

For data management, we used Covidence as bibliographic
management soHware to administer the results obtained from the
search.

We collated multiple reports of the same study so that each trial,
rather than each report, was the unit of interest in the review.

The search results as well as the decision made during the eligibility
process are displayed in a PRISMA flow diagram (Liberati 2009;
Figure 5).

Data extraction and management

We used a standardized data collection form to extract data
from each study in suOicient detail to design a comprehensive
characteristics of studies table, risk of bias table, and to obtain the
outcome data for the meta-analysis. We piloted the data collection
form before we agreed the final version of it to be used in the review.

Three review authors (FV, DP, or GU) working in pairs independently
extracted the data of each included study. In addition, a fourth
author (RAD) checked all outcome data as well as risk of bias
items of all studies. We resolved disagreements by consensus aHer
discussion with participation of all members of the review team.

We extracted the following study characteristics.

• Identification of the study and bibliographic references of all
reports linked to the same study, as well as other secondary
sources of relevant data (e.g. online supplements or trial
registers).

• Eligibility criteria, as stated in the included studies.

• Participants: demographic (age, sex, and ethnicity), and relevant
clinical data at baseline (those referred to severity of the disease
and cardiac function, time from diagnosis to randomization,
body mass index, smoking status, other relevant comorbidities,
family history of DCM, and previous medical and device therapy).
Also, the number of people randomized, the number who
dropped out, and the number analyzed for each outcome.

• Intervention (SCT): detailed description of SCT (including cells
origin (autologous or heterologous), cell collection location
(bone marrow-derived cells or peripheral blood cells), type
of cells infused (mesenchymal stromal cells, mononuclear
cells, myeloid cells, lymphoid cells, or mixed), mobilization
of stem cells with cytokines (yes or no), delivery route
(intracoronary, transendocardial, or intramyocardial), volume
of cells administered, and number of cell infusions (single or
repeated)).

• Control group: detailed description of the control group, and
the corresponding category of the comparison of interest
(comparison 1: no intervention, sham or placebo; comparison 2:
treatment with cytokines (e.g. G-CSF); and comparison 3: SCT).

• Outcomes: primary and secondary outcomes planned,
measured, and reported, specifying the instrument of measure
used and time points reported. Also, we collected the outcomes
reported in other secondary sources (e.g. clinical trials) to assess
the risk of selective reporting bias.

• Methods: study design, total duration of study, study setting and
country, number of centres and location, period of study.

• Risk of bias assessment: details on method of treatment
allocation and concealment, blinding of the intervention
or the outcome assessor (or both), and dropouts (number,
distribution, and reasons) and study population of analysis.

• Data on all relevant results reported (crude number of events
or rates, mean values or mean change from baseline and
the corresponding standard deviation (SD), and population
analysed in each study arm).

• Funding and other conflicts of interest.

Stem cell therapy for dilated cardiomyopathy (Review)
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We emailed all study contact authors requesting them to provide
us with further details, as there were insuOiciencies in all studies
related to the outcome data or design features (or both).

One review author (EM) transferred data into Review Manager 5
(Review Manager 2014). Other members of the team (DP, FV, RAD,
and GU) double-checked data against the data extraction form and
articles.

Assessment of risk of bias in included studies

Risk of bias in individual studies

Four review authors (FV, DP, GU and RAD) working in pairs
independently assessed risk of bias for each study using the
criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2017). They resolved disagreements by
discussion involving another two review authors (RD and EM).

For this purpose, we explored the six specific domains.

• Random sequence generation.

• Allocation concealment.

• Blinding of participants and personnel.

• Blinding of outcome assessment.

• Incomplete outcome data.

• Selective outcome reporting.

• Other potential sources of bias.

For each trial, we first described the design characteristics relating
to each domain and then judged the risk of bias associated with the
main outcome. We used a nominal scale for the judgement: 'low,'
'high,' or 'unclear' risk of bias according to the criteria described in
additional Table 2.

We contacted the principal investigator of all included studies to
obtain or clarify key study features for a thorough risk of bias
assessment. To June 2021, we obtained one response from Martino
2015 (MiHEART).

Overall risk of bias

• Low risk of bias: we classified the outcome result at overall 'low
risk of bias' only if all the bias domains were judged at low risk
of bias. For objective outcomes (e.g. mortality), we considered
whether blinding was of relevance, and still categorized this
at overall low risk of bias if a lack of blinding was unlikely to
introduce bias.

• High risk of bias: we classified the outcome result at 'high risk
of bias' if any bias domains (described above) were judged at
'unclear' or 'high risk of bias.'

We generated a risk of bias table specifying these judgements, and
provided a detailed justification for each judgement so that it was
transparent and reproducible. Where information on risk of bias
related to unpublished data or correspondence with a trialist, we
specified this in the risk of bias table.

When considering treatment eOects across studies, we considered
the risk of bias for the studies that contributed to that outcome.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol (Diaz-
Navarro 2019), and reported deviations from it in the DiOerences
between protocol and review section.

Measures of treatment e;ect

We expressed dichotomous data for each arm in a particular study
as a proportion or risk and the treatment eOect as a risk ratio
(RR) with 95% confidence intervals (CIs), calculated using Mantel-
Haenszel methods.

We expressed continuous data for each arm in a particular study
as a mean and SD, and the treatment eOect as the mean diOerence
(MD) if outcomes were measured in the same way across trials.
We preferred the mean change diOerence over the diOerence in
the final means if available. For studies that only reported baseline
and endpoint data, when possible, we calculated the SD of the
mean change from baseline based on reported CIs or P values,
and used these values in the analysis. We presented studies with
insuOicient information to calculate the SD (e.g. studies that only
report endpoint mean values) in combined analyses (assuming the
diOerences in mean final values will on average be the same as the
diOerences in mean change scores), as suggested in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

For studies that measured continuous outcomes using diOerent
tools, for example for health-related quality of life, we expressed
the treatment eOect as the standardized mean diOerence (SMD).
We have adopted the following arbitrary subjective terminology for
the interpretation of SMD, based on seminal suggestions by Cohen
1988: if eOect size is about 0.8 then 'large,' if eOect size about 0.5
then 'medium,' and if eOect size about 0.2 then 'small.'

Some studies presented results for continuous outcomes
(especially LVEF, LVESV, and LVEDV) only in figures or graphs. To
retrieve the raw data for use in the meta-analyses, we used a
specialized soHware (GetData Graph Digitizer 2.26).

Unit of analysis issues

We only included parallel-group individually randomized RCTs.

Where multiple trial intervention groups were reported in a
single trial, we included only the relevant groups. That was the
case for Hamshere 2015, a four-arm trial that contributed both
to comparison 1 and 2 (see details of the arms used in each
comparison in the Characteristics of included studies table). In Xiao
2017, we merged the two SCT arms for the comparison of SCT
versus control for all-cause mortality to avoid double-counting of
control group participants (Deeks 2017). Instead, for LVEF outcome,
we used data from one of these arms as the study provided only
specific data for each group (mean and SD). However, we also
alternatively calculated the pooled eOect using the other arm to
ensure that the result did not change.

Dealing with missing data

We contacted the principal investigators of all studies to request
mean change diOerence and SD for several relevant outcomes
where these data were not available or could not be calculated. To
June 2021, we had not received any response.

Stem cell therapy for dilated cardiomyopathy (Review)
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We used Review Manager 5 to calculate missing SDs using other
data from the trial (Review Manager 2014), such as CIs or standard
error (Henry 2014).

There were no major issues with missing data in the review.
Therefore, we did not perform a sensitivity analysis as originally
planned neither did we make any imputations on these data in our
primary analysis.

Assessment of heterogeneity

We inspected forest plots visually to consider the direction and
magnitude of eOects and the degree of overlap between CIs.
Second, we considered the P value from the Chi2 test (threshold
P < 0.10) to address the presence of statistical heterogeneity.
We also used the I2 statistic to quantify statistical heterogeneity
not attributable to chance among the trials in each analysis but
acknowledge that there is substantial uncertainty in the value of
the I2 statistic when there is a small number of studies. We followed
the recommendations for thresholds in the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2017):

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90% may represent substantial heterogeneity;

• 75% to 100%: may represent considerable heterogeneity.

No meta-analysis was avoided by this reason (Deeks 2017). In fact,
there was considerable heterogeneity in most outcomes analyzed,
which was considered when rating the quality of the available
evidence of the eOects of SCT.

Contrary to what was initially planned, we could not explore
possible causes of considerable heterogeneity by prespecified
subgroup analysis.

Assessment of reporting biases

As we were unable to pool more than 10 trials in the meta-analyses,
we did not use a funnel plot to explore possible small-study biases
for the primary outcomes, neither did we carried out the Harbord
test to test asymmetry for dichotomous outcomes (Harbord 2006),
or regression asymmetry test for continuous outcomes (Egger
1997).

Data synthesis

Whenever possible, we undertook meta-analyses according to the
recommendations stated in the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2017). We used the Cochrane
statistical soHware Review Manager 5 to analyse data (Review
Manager 2014).

We assessed the intervention eOects using random-eOects meta-
analyses due to the high heterogeneity we found in most outcomes
(DerSimonian 1986). Even for those outcomes where we did not
detect heterogeneity, we used this approach because it was more
conservative.

Subgroup analysis and investigation of heterogeneity

Contrary to what we had initially planned, subgroup analyses were
not carried out as they were considered uninformative. On the one
hand, the absence of a global eOect in almost all the outcomes
analysed and, on the other, the small number of available studies

(fewer than three) in some category of all the subgroup analyses,
prevented this type of analysis.

Sensitivity analysis

We only carried out sensitivity analyses for an exploratory purpose
to assess the influence of a particular study that showed very
inconsistent results (outliers) with the rest in the combined
analysis, and the degree of heterogeneity caused by it. These
analyses are not shown in the review.

Summary of findings and assessment of the certainty of the
evidence

We created a summary of findings table for comparison 1 (SCT
versus control) and comparison 2 (SCT plus G-CSF versus G-CSF),
using the following outcomes included in the review: all-cause
mortality; safety, as indicated by periprocedural complications;
health-related quality of life; performance status (exercise
tolerance); ventricular arrhythmias; and MACE. For each outcome,
we presented data at the longest follow-up that was available for
each study.

We have not created a summary of findings table for comparison
3 (diOerent types or delivery modalities of SCT against each other)
as this comparison included four RCTs that compared diOerent
aspects related to SCT delivery that could not be combined.

We used the five GRADE considerations (study limitations,
consistency of eOect, imprecision, indirectness, and publication
bias) to assess the certainty of the evidence as it related to
the studies that contributed data to the meta-analyses for the
prespecified outcomes. We used methods and recommendations
described in Chapter 12 of the Cochrane Handbook for Systematic
Reviews of Interventions (Schünemann 2017), using GRADEpro GDT
soHware (GRADEpro GDT).

We justified all decisions to downgrade the certainty of the evidence
using footnotes and made comments to aid reader's understanding
of the review where necessary.

Several review authors made judgements about the certainty of
evidence aHer discussion among the team (DP, FV, GU, RAD, RD, EM,
and SB). We justified, documented, and incorporated into reporting
of results all judgements for each outcome.

R E S U L T S

Description of studies

Results of the search

We identified 462 records from the electronic database searches
and 39 records from other sources (clinical trials registers).
Deduplication and removal of all clearly irrelevant references
excluded 114 references. Initial screening of the remaining
387 citations against inclusion criteria excluded a further 337
references. Of the remaining 50 citations, we subsequently
excluded 18 references, as they did not fully meet the inclusion
criteria or they were abstracts of potentially relevant studies
that never were published as a full paper aHer a suOicient time
(see Excluded studies).

Four other relevant studies were identified in ClinicalTrials.gov
that met the eligibility criteria. All of them are still ongoing

Stem cell therapy for dilated cardiomyopathy (Review)
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or have been completed but not yet published (NCT01957826;
NCT02033278; NCT02293603; NCT03797092), these are shown in
the Characteristics of ongoing studies table.

The remaining 28 citations described 13 individual RCTs
(see Characteristics of included studies table). Two identical phase
II trials (Catheter-DCM and IMPACT-DCM) that run in parallel and
compared SCT (a diOerent modality each) versus control (same
type) in a mixed population of people with ischaemic and non-

ischaemic DCM were published in the same article (Henry 2014).
For the purpose of this review, both experimental (SCT) and control
groups were respectively merged, and the study included as one
study within comparison 1 (using only data of the people with non-
ischaemic DCM).

A summary of study classification is displayed in a PRISMA flow
diagram (Figure 1).
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Figure 1.   (Continued)

 
Included studies

Thirteen studies met the inclusion criteria for this review, including
762 randomized participants (452 bone marrow-derived stem/
progenitor cells and 310 controls) who were assessed for the
primary outcomes of the study (Hamshere 2015; Hare 2017
(POSEIDON-DCM); Henry 2014; Martino 2015 (MiHEART); Sant'Anna
2014 (INTRACELL); Seth 2010 (ABCD); Vrtovec 2011; Vrtovec 2013a
(NOGA-DCM); Vrtovec 2013b; Vrtovec 2018 (REMEDIUM); Wang 2006;
Wu 2010; Xiao 2017). See Characteristics of included studies table
for a summary of study participants and other characteristics of the
studies.

Mean size of the included studies was 60 (ranging from 22 (Henry
2014) to 160 (Martino 2015 (MiHEART)), with a median of 55
participants. The mean age of participants ranged from 45 to 58.5
years, and the proportion of men ranged from 50% to 89%. All
trials were presented as full journal articles, except one in a short
format (Seth 2010 (ABCD)). Only two trials were multicentre (Henry
2014; Martino 2015 (MiHEART)). Studies were based worldwide,
including the UK (Hamshere 2015), Slovenia (Vrtovec 2011; Vrtovec
2013a (NOGA-DCM); Vrtovec 2013b; Vrtovec 2018 (REMEDIUM)),
the US (Henry 2014; Hare 2017 (POSEIDON-DCM)), Brazil (Martino
2015 (MiHEART); Sant'Anna 2014 (INTRACELL)), India (Seth 2010
(ABCD)), and China (Wang 2006; Wu 2010; Xiao 2017). All studies
were published in English language except two that included
publications in Chinese (Wang 2006; Wu 2010), which were
translated into English for this review.

Twelve studies included participants with congestive heart
failure (CHF) secondary to DCM where ischaemic aetiology was
excluded. Henry 2014 included a mixed population but results were
presented separately for participants with non-ischaemic DCM.
In all studies, participants remained with an optimal standard
pharmacological treatment including beta-blockers, angiotensin
converting enzyme inhibitors, angiotensin II receptor blockers,
spironolactone, digoxin, diuretics, and hydralazine plus nitrates.

Total duration of follow-up was six months in two studies (Wang
2006; Vrtovec 2013b), 12 months in seven studies (Hamshere 2015;
Hare 2017 (POSEIDON-DCM); Martino 2015 (MiHEART); Sant'Anna
2014 (INTRACELL); Vrtovec 2011; Vrtovec 2018 (REMEDIUM); Xiao
2017), 24 months in two studies (Henry 2014; Wu 2010), three years
in one study (Seth 2010 (ABCD)), and five years in one study (Vrtovec
2013a (NOGA-DCM)).

The 13 included studies accounted for 29 study arms (11 RCTs with
two arms, one with three arms, and one with four arms).

According to the funding source, only one study declared a private
funding (Henry 2014) or a mixed public and private funding
(Hamshere 2015), while six had public or governmental funding,
and two non-profit funding. The three studies set in China did not
report this information (Wang 2006; Wu 2010; Xiao 2017).

All but four studies (Seth 2010 (ABCD); Wang 2006; Wu 2010; Xiao
2017) were registered in ClinicalTrials.gov.

According to the comparison group:

• eight RCTs compared SCT versus no intervention or sham
(comparison 1):  Hamshere 2015; Henry 2014; Martino 2015
(MiHEART); Sant'Anna 2014 (INTRACELL); Seth 2010 (ABCD);
Wang 2006; Xiao 2017; and Wu 2010;

• three RCTs compared SCT plus G-CSF versus G-CSF (comparison
2):  Hamshere 2015; Vrtovec 2011; and  Vrtovec 2013a (NOGA-
DCM);

• four RCTs compared SCT versus SCT (comparison 3): Hare 2017
(POSEIDON-DCM); Vrtovec 2013b; Vrtovec 2018 (REMEDIUM),
and Xiao 2017). A summary of the specific comparisons within
this group is presented in Table 3.

Excluded studies

Among the 18 papers excluded aHer reading the full text, 15
were studies with serious doubts and one was a trial registered
in ClinicalTrials.gov. These were excluded due to a diversity or
reasons:

• wrong design (Bartolucci (INNOVA) 2015; Bocchi 2010; Butler
2017; Chen 2008; Fischer-Rasokat 2009; Huang 2006; Tompkins
2018);

• wrong population (Bartolucci (RIMECARD) 2017; Miyagawa 2017;
NCT02256501; Perin (REVASCOR) 2015; Premer 2015; Xiao 2012a;
Xiao 2012b; Yau 2019; Zemljic 2017).

One additional study (two references) was published in abstract
format only, and although it appeared to meet the inclusion
criteria, it did not contain suOicient data for inclusion. As it was
published in 2011 and there has been no full paper published, we
decided to exclude it from the review (Kakuchaya 2011).

Risk of bias in included studies

A summary of the risk of bias in individual studies is given below and
in Figure 2. Judgements about each risk of bias item can be seen
in Figure 3. Further details of our assessment of risk of bias can be
found in the Characteristics of included studies table.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Hamshere 2015 + ? + + + +
Hare 2017 (POSEIDON-DCM) ? ? - + ? +

Henry 2014 + ? - + - +
Martino 2015 (MiHEART) + + + + + +

Sant'Anna 2014 (INTRACELL) + ? - - - -
Seth 2010 (ABCD) ? ? - - - ?

Vrtovec 2011 ? ? - + ? -
Vrtovec 2013a (NOGA-DCM) ? ? - + ? -

Vrtovec 2013b ? ? - + + +
Vrtovec 2018 (REMEDIUM) ? ? - + + +

Wang 2006 ? ? + + ? ?
Wu 2010 ? ? - - ? ?

Xiao 2017 ? ? + + - ?
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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We considered only one trial to have a low risk of bias across all
domains (Martino 2015 (MiHEART)).

Due to the specific nature of the intervention (SCT), the most
problematic item was related to selective reporting with major
inconsistencies between the ClinicalTrials.org record and the
publication, and with blinding of study personnel and participants
(performance bias). Numerous shortcomings in the reporting
of most of the included studies did not allow an adequate
assessment of some of the following items. However, the additional
information available in ClinicalTrials.gov and in online appendices
or supplements, in some cases, allowed a more precise description
and risk of bias assessment.

Frequently, the format of the continuous data available was not
ideal for use in the meta-analysis. We would have preferred to
evaluate the mean change diOerence, since, as most of the studies
were small, there were frequently baseline diOerences. However,
limitations in the reporting of the studies made it impossible
to obtain the necessary data to calculate this estimate, so that
diOerences in the final means and diOerence in the mean changes
were combined. Furthermore, in various studies, the final mean
and the associated SD was obtained from graphs using specialized
soHware (GetData Graph Digitizer 2.26).

Allocation

Only four studies provided details of randomization methods
with a low risk of bias from random sequence generation
(Hamshere 2015; Henry 2014; Martino 2015 (MiHEART); Sant'Anna
2014 (INTRACELL)). All four used randomization codes generated
electronically. The remaining studies provided no details about the
method used to generate the random sequence and, therefore, we
judged risk of bias as unclear.

Only one study described appropriate methods of allocation
concealment with a low risk of bias (Martino 2015 (MiHEART)), while
all other trials had unclear allocation concealment.

Blinding

In four studies, participants randomized to the control group
received a placebo injection (sham) (Hamshere 2015; Martino 2015
(MiHEART); Wang 2006; Xiao 2017). We judged these trials at a low
risk of performance bias. We considered all other trials  at high risk
of performance bias due to the open-label design.

For detection bias, 10 studies were at low risk of bias (four for using
sham as a control (Hamshere 2015; Martino 2015 (MiHEART); Wang
2006; Xiao 2017), and six open-label trials that reported blinding
of outcome assessors (Hare 2017 (POSEIDON-DCM); Henry 2014;
Vrtovec 2011; Vrtovec 2013a (NOGA-DCM); Vrtovec 2013b; Vrtovec
2018 (REMEDIUM)). The three other studies were at high risk of
detection bias (Sant'Anna 2014 (INTRACELL); Seth 2010 (ABCD); Wu
2010).

Incomplete outcome data

Four trials had a high risk of attrition bias due to imbalances in
the distribution of withdrawals and participants lost to follow-up
between groups, without a proper statistical handling of missing
data in the analysis (Henry 2014; Sant'Anna 2014 (INTRACELL); Seth
2010 (ABCD); Xiao 2017). Five studies were at unclear risk of attrition
bias, due to incomplete or confusing information about number of
participants lost to follow-up or the statistical methods used to deal
with it (or both) (Hare 2017 (POSEIDON-DCM); Vrtovec 2011; Vrtovec
2013a (NOGA-DCM); Wang 2006; Wu 2010). Four studies were at
low risk of attrition bias (Hamshere 2015; Martino 2015 (MiHEART);
Vrtovec 2013b; Vrtovec 2018 (REMEDIUM)).

Selective reporting

Three studies were at high risk of reporting bias, but reasons
diOered. One study only specified the primary endpoint at
ClinicalTrials.gov (Sant'Anna 2014 (INTRACELL)), while in two
studies there were several important inconsistencies between the
information provided in ClinicalTrials.gov and the final publication
related to the number of participants, the time point for the
outcomes, the completion date, and the outcomes that were
planned and finally reported (Vrtovec 2011; Vrtovec 2013a (NOGA-
DCM)). We suspect that participants reported in Vrtovec 2011
were also included in the Vrtovec 2013a (NOGA-DCM) analysis. We
contacted the corresponding author by email but have received
no response. Four trials were not previously registered in a public
register and, therefore, the risk of reporting bias was unclear (Seth
2010 (ABCD); Wang 2006; Wu 2010; Xiao 2017). Finally, six studies
were at low risk of reporting bias as they had been registered
at ClinicalTrials.gov and all outcomes reported corresponded to
those registered (Hamshere 2015; Hare 2017 (POSEIDON-DCM);
Henry 2014; Martino 2015 (MiHEART); Vrtovec 2013b; Vrtovec 2018
(REMEDIUM)).
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Other potential sources of bias

There is an issue of lack of transparency that aOects several of the
studies that did not report the funding sources nor were registered
in a public trial registry. However, in the specific context of cell
therapy research, we think that even supposedly non-commercial
studies are also not free from bias. For this reason, this criterion
was ultimately not used in the risk of bias summary and risk of bias
tables.

E;ects of interventions

See: Summary of findings 1 Stem cell therapy compared to
control for dilated cardiomyopathy; Summary of findings 2 Stem
cell therapy (any type) compared to peripheral therapy with
granulocyte colony-stimulating factor for dilated cardiomyopathy

The eOects of the intervention (SCT) for each outcome analysed are
presented below. Results are discussed separately depending on
the type of comparison (control):

• comparison 1: SCT versus no intervention or sham (Summary of
findings 1);

• comparison 2: SCT versus G-CSF (Summary of findings 2).

Where possible, the results of the meta-analysis are presented or,
when not possible, narratively.

For comparison 3 (diOerent types or delivery modalities of SCT
against each other), the results are presented narratively, since the
meta-analysis did not apply as the they were very diverse and not
comparable.

Primary outcomes

All-cause mortality

Comparison 1: stem cell therapy versus control (no intervention or
sham)

All studies comparing SCT versus control included mortality as an
outcome, although it was not a primary outcome in any of them.
We excluded one study that reported mortality with zero events
in both arms in the non-ischaemic population from the analysis
(Henry 2014). Mortality rate was 16.2% (32/198) in participants who
received SCT, similar to that observed in participants who received
no cells (19.6%, 32/163) (RR 0.84, 95% CI 0.54 to 1.31; I2 = 0%; studies
= 7; participants = 361; very low-certainty evidence; Analysis 1.1).

Despite the absence of statistical heterogeneity observed in the
analysis, mortality at one year ranged from 0% (Hamshere 2015;
Henry 2014) to 35.0% (Seth 2010 (ABCD)) in the control group, and
from 0% (Henry 2014) to 36.8% (Sant'Anna 2014 (INTRACELL)  in
the SCT group. This variation suggests there were important
diOerences in study population (baseline risk) across studies. For
a better understanding of the diOerences observed among studies,
mortality rates of all studies included in the review are displayed
in Table 1.

In summary, we are uncertain whether SCT may reduce mortality
in people with DCM compared to control (no intervention or sham)
due to the very low-certainty evidence that is available.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

The three studies comparing SCT versus G-CSF assessed mortality
as an outcome. One four-arms study already included in
comparison 1 is also included in this comparison (Hamshere 2015).
For this comparison we used the data form 'peripheral G-CSF' as the
control group.

Mortality rate was 12.3% (12/98) in participants who received
cell therapy plus G-CSF, lower than that observed in participants
who only received G-CSF (30.3%, 27/97) (RR 0.46, 95% CI 0.16 to
1.31; I2 = 39%; participants = 195; studies = 3; very low-certainty
evidence; Analysis 2.1). Although global heterogeneity is low, there
is a discrepancy produced by Hamshere 2015 where two deaths
were observed in the SCT group and none in the control, while in
the two other studies mortality was reduced in the SCT group. Had
we excluded this study from the meta-analysis, the pooled estimate
would clearly favour SCT.

In summary, we are uncertain whether SCT may reduce mortality
in people with DCM compared to G-CSF due to overall very low-
certainty evidence that is available.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Of the four studies comparing diOerent types or delivery
modalities of SCT, three assessed mortality at one year. In  Hare
2017 (POSEIDON-DCM), there were only two deaths among 34
participants treated with SCT (5.9%). These occurred in the
group receiving autologous mesenchymal stem cells versus none
in the allogeneic group. In  Vrtovec 2018 (REMEDIUM), only
1/60 participant with SCT (mononuclear cells) died (1.7%). The
participant was assigned to single SCT; the comparator group
received repetitive SCT. In  Xiao 2017, only 1/31 participants
receiving SCT (3.2%) died at one year. The participant was
assigned to BMMCs; the comparator group received bone marrow
mesenchymal stem cells (BMSC).

Procedural complications (safety)

Ten studies assessed the composite outcome of procedural
complications (safety). However, the definition of the outcome
varied widely between studies. For this reason, we reported the
outcome narratively.

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Hamshere 2015  assessed the safety of the SCT infusion
by measurement of creatine kinase (CK) and troponin
T concentrations 12 hours aHer infusion and procedural
complications. There were no cases of distal coronary artery
occlusion, acute cardiac dysfunction, ventricular arrhythmia, or
significant CK or troponin T release occurred aHer the procedure.
One participant experienced a localized coronary dissection during
SCT infusion.

The primary objective of the studies run by Henry 2014 (IMPACT-
DCM and Catheter-DCM) was to assess the safety of SCT
(ixmyelocel-T) administered via mini-thoracotomy (IMPACT-DCM)
or intramyocardial catheter (Catheter-DCM) injections. The study
reported AEs per participant at days zero to five (perisurgical
period), and at days six to 730 aHer the procedure. The five most
common AEs in the SCT (ixmyelocel-T) groups in the perisurgical
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period (day zero to five), according to what was stated by the trial
authors, were hypotension, nausea, constipation, hyperglycaemia,
and hypertension. Surgical delivery of SCT (ixmyelocel-T) via mini-
thoracotomy was associated with a higher incidence of serious
adverse events (SAEs) in the perisurgical period (day zero to five)
(6.71 AEs/participant). This finding was not observed when SCT was
delivered via catheter (0.93 AEs/participant). AHer the procedure
(days six to 730), the number of AEs per participant in both SCT
groups was comparable (8.21 via mini-thoracotomy versus 6.27
AEs/participant via catheter).

Martino 2015 (MiHEART) reported no SAEs were directly related to
cell injection during the trial. They provided no definition of AEs.

Sant'Anna 2014 (INTRACELL)  assessed procedural safety as a
secondary outcome. Authors reported that four participants died
in the first month aHer the procedure. Two died of refractory
cardiogenic shock in the first 72 hours postoperatively, one
died on the 15th postoperative day due to incessant ventricular
tachycardia, and one died on the 28th postoperative day due to
heart failure that was refractory to treatment.

Seth 2010 (ABCD)  stated "this study establishes the long-term
safety of this therapy in dilated cardiomyopathy." However, they
provided no definition or specific data.

Wang 2006  concluded that cell transplantation was safe. There
was no embolism, arrhythmia, or other negative clinical events
throughout the study.

Wu 2010 observe no AEs such as fever, allergic reaction, myocardial
infarction, embolism, and tumour formation related with the
procedure.

Xiao 2017  defined procedural complications as any new-
onset ventricular arrhythmia, conduction disturbance, distal
embolization, thrombus formation, and injury of the coronary
artery related to the cell injection procedure. However, the study
did not report this outcome.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

Only one study out of three reported on this outcome within this
comparison. In  Hamshere 2015, one participant experienced a
localized coronary dissection during STC infusion. There were no
complications or AEs associated with G-CSF therapy.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Vrtovec 2018 (REMEDIUM)  defined SAE as "any serious event
that may result in persistent or significant disability or
incapacity and included death, heart transplantation, ventricular
assist device implantation, sustained ventricular arrhythmia
(ventricular tachycardia or ventricular fibrillation), and heart failure
exacerbation requiring hospitalization." There were 10 SAEs in 60
participants, the most frequent being heart failure worsening (7%)
and sustained ventricular arrhythmia (5%). The number of SAEs did
not diOer between the repetitive versus the single-dose SCT groups.

In Hare 2017 (POSEIDON-DCM), the primary safety endpoint was
the incidence of any treatment-emergent SAE occurring within 30
days of treatment. Secondary safety endpoints included other AEs.
There were no 30-day treatment-emergent SAEs among the 34

study participants. At the end of follow-up (one year), SAE incidence
was 28.2% with allogeneic mesenchymal stem cells versus 63.5%
with autologous mesenchymal stem cells.

Secondary outcomes

Health-related quality of life

Six studies reported health-related quality of life. Four used
the MLHFQ (Hare 2017 (POSEIDON-DCM); Henry 2014; Martino
2015 (MiHEART); Sant'Anna 2014 (INTRACELL)), and two used the
KCCQ (Hamshere 2015; Seth 2010 (ABCD)). In addition, Hamshere
2015 also used the generic European Quality of Life-5 Dimensions
(EQ5D). For the pooled analysis, KCCQ was preferred over EQ5D. We
used the KCCQ clinical summary score over the overall summary.

The pooled analysis (only for comparison 1) combines diOerent
HRQoL tools, and methods to estimate treatment eOect (mean
change diOerences and diOerence in final means (Seth 2010
(ABCD)). We obtained the raw data from figures using a specialized
soHware for one study (Henry 2014). One study reported trimmed
means instead of means (Martino 2015 (MiHEART)). In Sant'Anna
2014 (INTRACELL), the SD of the diOerence in mean change
diOerences was imputed from Henry 2014  (baseline mean values
were very similar in both studies).

In the analysis of quality of life outcomes, we converted MLHFQ
scores to negative values in order to include these in a meta-
analysis with other measures on diOerent scales using the SMD.

Comparison 1: stem cell therapy versus control (no intervention or
sham)

We are uncertain whether SCT improves health-related quality of
life compared to control (no intervention or sham) (SMD 0.62, 95%
CI 0.01 to 1.23; I2 = 80%; studies = 5, participants = 272; very low-
certainty evidence; Analysis 1.2).

The substantial heterogeneity observed in this analysis was
attributable to  Martino 2015 (MiHEART), a robust trial with a
relatively large sample size, which found no beneficial eOect of
SCT on health-related quality of life (measured with the MLHFQ),
contrary to what is suggested by the remaining studies.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

One four-arm study comparing SCT versus G-CSF assessed quality
of life (Hamshere 2015). We used the data from 'peripheral G-CSF'
as the control group, and analysed KCCQ clinical summary score at
one year (mean change diOerence). Small sample size lacked power
to detect any diOerence between groups (SCT plus G-CSF versus
peripheral G-CSF: MD 4.61 points, 95% CI −5.62 to 14.83; studies =
1, participants = 22). Other additional measures of quality of life
used in this study (EQ5D Index score and visual analogue scale, and
KCCQ Overall Summary) also found no diOerences between groups.
Therefore, SCT may not improve health-related quality of life in
these participants.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

In Hare 2017 (POSEIDON-DCM), the MLHFQ improved in both SCT
groups over 12 months (allogeneic mesenchymal group: P = 0.0022;
autologous mesenchymal group: P = 0.1719). The data were shown
in figure form only, but there were no diOerences between the
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groups. According to the authors, the improvement observed with
either form of SCT was "clinically meaningful."

Performance status – functional class (NYHA)

Seven studies assessed the change in functional class (NYHA) from
baseline. However, the diverse way the outcome was reported
precluded pooling of data in a meta-analysis. For this reason, we
presented this outcome narratively.

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Hamshere 2015  reported the percentage of participants who
showed an improvement in their NYHA classification from baseline.
The percentage of participants who showed improvement in their
NYHA classification at three months and one year was significantly
higher in the SCT group (intracoronary BMCs) (P = 0.02). At one
year, eight (66.7%) participants showed improvement in NYHA class
with no participants demonstrating a deterioration in the SCT
group versus one participant (8.3%) in the control group (peripheral
placebo) showing improvement with three participants (23.1%)
who worsened (P < 0.05).

Henry 2014 defined the outcome as the proportion of participants
who achieved a NYHA class I/II at the end of the study. While
there was a significant improvement in NYHA functional class with
treatment with SCT (ixmyelocel-T) compared to the control group
in the ischaemic population (P < 0.05), this was not the case for
the non-ischaemic population (65% with SCT vs 41% with control,
reported as "statistically non-significant"; data presented only in a
figure).

Martino 2015 (MiHEART) assessed changes in NYHA functional class
but provided no raw data. The author declared: "Change in NYHA
functional class diOered significantly between groups at 6 (P =
0.003) but not at 12 months (P = 0.422)."

Sant'Anna 2014 (INTRACELL) assessed changes in NYHA class and
concluded: "Functional class, evaluated using NYHA classification,
showed (…) a statistically significant improvement in the BMMC
group, no change in the control group. However, there were no
statistically significant diOerences between groups."

The way Seth 2010 (ABCD) reported change in NYHA functional class
is confusing as we could not determine how many participants in
each group improved at the end of the study. In the SCT group,
aHer three years, the percentage of participants in NYHA class III
and IV had decreased, and 63.4% were in class I or II. In the control
group, no participant reached a NYHA class I, and the percentage
that was in class II had decreased (at baseline, around a third of
all participants within this group was in this category, but none in
the SCT group). The authors concluded that there was a significant
improvement in functional status on long-term follow-up in the
SCT group, being the greater eOect for participants with class III
compared to class IV.

Xiao 2017 assessed change in NYHA functional class at 12 months.
In comparison with control, NYHA class improved significantly in
the BMSC group at 12-month follow-up (P = 0.050), but not in the
BMMC group.

In summary, data suggest that SCT may slightly improve NYHA
functional class, but the magnitude of this eOect is unclear.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

No study assessed change in functional class (NYHA).

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

In Hare 2017 (POSEIDON-DCM), at 12 months, the use of allogeneic
mesenchymal stem cell was associated with a 66.7% improvement
in NYHA functional class versus 27.3% for autologous mesenchymal
stem cell (P = 0.0527).

Performance status – exercise tolerance – (6-minute walk test)

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Five studies reported exercise tolerance. Due to the variable way the
data were originally presented, we combined diOerent measures of
eOect in the meta-analysis has been also variable; in some cases,
we used the diOerence of final means (Sant'Anna 2014 (INTRACELL);
Wang 2006; Wu 2010), while in others, we used the mean change
diOerence (Henry 2014; Martino 2015 (MiHEART)). We obtained raw
data for Henry 2014 from a figure using specialized soHware.

The evidence was uncertain about the eOect of SCT on exercise
capacity as assessed by means of the 6MWT compared to control
(no intervention or sham) (MD 70.12 m, 95% CI −5.28 to 145.51;
I2 = 87%; studies = 5, participants = 230; very low-certainty
evidence; Analysis 1.3).

There was substantial heterogeneity across studies mainly due to
two studies showing a beneficial eOect for SCT at six (Wang 2006)
and 24 months (Wu 2010). Baseline LVEF (%) in these two trials was
greater than 30% as compared with the other three trials where
participants were in a worse condition (LVEF 30% or less).

In addition,  Hamshere 2015  also assessed exercise capacity by
improvement in maximum rate of oxygen consumption (Opera),
maximum exercise speed, and exercise time. At one year, there was
a significant improvement in peak oxygen uptake (VO2peak) with

SCT (mean change: 3.2 mL/kg/minute, 95% CI 0.69 to 5.71; P =
0.0179), but not with control (mean change: 0.35 mL/kg/minute,
95% CI −2.28 to 1.58; P = 0.6966). There was also an improvement in
maximum exercise speed with SCT (1.28 miles per hour, 95% CI 0.30
to 2.26; P = 0.0164), but not with control (0.28 miles per hour, 95% CI
−0.22 to 0.78; P = 0.1292). Exercise time was also increased with SCT
(162.3 seconds, 95% CI 43.13 to 281.5; P = 0.0131), but there was a
decrease with control (−4.385 seconds, 95% CI −61.08 to 52.31; P =
0.8545).

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

Two studies within this category reported exercise tolerance
(Vrtovec 2011; Vrtovec 2013a (NOGA-DCM)). In both cases, we
obtained raw data from a figure using specialized soHware.

SCT may improve exercise capacity as assessed by the 6MWT
compared to control (G-CSF) (MD 140.14 m, 95% CI 119.51 to
160.77; I2 = 0%; studies = 2,  participants = 155; low-certainty
evidence; Analysis 2.3).

In Hamshere 2015, in participants who received SCT, there was an
improvement in exercise capacity measured by an improvement
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in VO2peak, maximum exercise speed, and exercise time. In neither

of the two control groups that received only G-CSF (peripheral G-
CSF and sham SCT plus G-CSF) was there a favourable eOect. The
study authors judged these eOects on exercise capacity as clinically
meaningful.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

At 12 months,  Hare 2017 (POSEIDON-DCM)  found that
6MWT distance increased in participants receiving allogeneic
mesenchymal cells by 37.0 m (95% CI 2.0 to 72.0; P = 0.04) compared
with baseline, but did not significantly change in the autologous
mesenchymal cells group (7.3 m, 95% CI 47.8 to 33.3; P = 0.71). The
between-group diOerence was 46.5 m (95% CI 5.5 to 98.5; P = 0.077)
at 12 months.

Vrtovec 2013b found that 6MWT distance significantly increased at
six months in participants assigned to the transendocardial SCT
group compared to those in the intracoronary SCT group (mean
change diOerence: 125 m (±33) in the transendocardial group versus
86 m (±13) in the intracoronary group; P = 0.03).

Vrtovec 2018 (REMEDIUM)  observed no intergroup diOerences in
change in 6MWT aHer one year between repetitive cell therapy
versus single cell therapy (mean increased from 320 m (±92) to 434
m (±71) with repetitive SCT versus 341 m (±87) to 445 m (±96) with
single dose SCT; P = 0.65). From baseline to six months, both groups
LVEF improved (6.9% (±3.3) in repetitive SCT group; P =0.001; and
7.1% (±3.5) in single-dose SCT; P = 0.001), but there were no changes
between six months and one year.

Rehospitalizations

Henry 2014  and  Hamshere 2015  assessed CHF exacerbations
requiring hospitalization (e.g. acute heart failure), as part of the
composite endpoint MACE.

Vrtovec 2018 (REMEDIUM)  assessed heart failure exacerbation
requiring hospitalization as part of the composite SAE. There were
no specific data for this component.

In  Hare 2017 (POSEIDON-DCM), the 12-month all-cause
rehospitalization rate was lower in the allogeneic mesenchymal
cell group versus the autologous mesenchymal cell group (28.2%
with allogeneic mesenchymal cell versus 70.0% with autologous
mesenchymal cell; P = 0.0447).

Heart failure

No study assessed heart failure (instead, see 'Change in functional
class (NYHA)' above).

Ventricular arrhythmia

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Henry 2014  assessed sustained ventricular arrhythmia as a
component of the composite MACE. The study reported two events
in the SCT group (one in the non-ischaemic population) that were
related with the surgical procedure.

Hamshere 2015  reported that no cases of ventricular arrhythmia
occurred in participants receiving SCT.

Martino 2015 (MiHEART)  found no increase in life-threatening
arrhythmias (no raw data provided).

Sant'Anna 2014 (INTRACELL) stated that 3/7 (35%) deaths observed
in participants who received SCT were due to documented
ventricular arrhythmia or sudden death.

Wang 2006 performed continuous ambulatory electrocardiograph
(ECG) monitoring. There were no diOerences between SCT and
control group at six months. No raw data of number of events were
provided.

In Wu 2010, there were no diOerences in the 24-hour ambulatory
ECG monitoring between SCT and the control group. No raw data of
number of events were provided.

Xiao 2017  assessed new-onset ventricular arrhythmia as a
component of procedural complications and as a component of
MACE. No specific data were provided.

Vrtovec 2011  investigated the impact of transplanted cells on
ventricular electrophysiology with high-resolution ECG. The study
found no eOects of transplanted stem cells on QTc interval and QT
interval variability, suggesting an absence of proarrhythmic eOects
of intracoronary BMC transplantation in people with DCM.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

No study assessed ventricular arrhythmia.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Vrtovec 2018 (REMEDIUM)  reported three events of sustained
ventricular arrhythmia (ventricular tachycardia or ventricular
fibrillation) among the 60 participants who received SCT.

Complete atrioventricular block

No study assessed complete atrioventricular block.

Major adverse cardiovascular events

None of the included studies assessed this composite outcome
as defined in our protocol (Diaz-Navarro 2019). For this reason,
these results are not presented in our summary of findings tables.
However, four studies reported MACE with a diOerent definition.

Comparison 1: stem cell therapy versus control (no intervention or
sham)

In  Henry 2014, MACE included cardiac death, cardiac arrest,
myocardial infarction, sustained ventricular arrhythmia (e.g.
ventricular tachycardia or ventricular fibrillation), pulmonary
oedema, heart failure exacerbation requiring hospitalization (e.g.
acute heart failure), unstable angina, or major bleeding (defined
as the need for 2 units of blood or greater within one week of the
injection procedure or the need for operation because of bleeding).
In this study, each participant was counted only once, regardless of
the number of events experienced. In the SCT group, 8/18 (44.4%)
participants presented an event versus 3/11 (27.3%) participants
in the control group. All but one event in participants with non-
ischaemic DCM were due to CHF exacerbation.

Hamshere 2015  defined MACE as all-cause death, myocardial
infarction, hospitalization for heart failure, or major arrhythmias.
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There were two reports of MACE in the SCT group (intracoronary
BMCs) and one report in the control group (peripheral placebo) at
one year. The two events observed in the SCT group consisted of
two deaths due to a non-cardiac surgical procedure complication
and bronchopneumonia. The event in the control group consisted
of one arrhythmia.

In Xiao 2017, MACE consisted of procedural complications, any new-
onset arrhythmia, haemodynamic instability, and death by any
cause. In the SCT group, 11/31 (35.5%) participants presented an
event versus 7/17 (41.2%) participants in the control group. It was
not clear from the paper if this study counted number of events or
number of participants with an event. The events reported in the
SCT group were haemodynamic instability (three), atrial fibrillation
(three), right or leH bundle branch block (four), and ventricular
tachycardia (one). The events in the control group consisted of
death (two), right bundle branch block (two), leH bundle branch
block (one), atrial fibrillation (one), and hemodynamic instability
(one).

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

No study assessed MACE.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

In  Hare 2017 (POSEIDON-DCM), MACE rate over 12 months was
lower in the allogeneic mesenchymal group (20.3%, 95% CI 6.8%
to 52.1%) compared with 57.1% (95% CI: 34.9% to 81.2%) in the
autologous mesenchymal group (P = 0.0186).

Change in le, ventricular ejection fraction

LVEF was the most commonly reported outcome by the studies
included in the review.

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Eight studies comparing SCT versus control (no intervention or
sham) reported changes in LVEF. Due to the variable way the data
were originally presented, the measure of the eOect we combined
in the meta-analysis was also variable; in some cases we used the
diOerence of final means (Sant'Anna 2014 (INTRACELL); Seth 2010
(ABCD); Wang 2006; Wu 2010; Xiao 2017), while in others we used
the mean change diOerence (Hamshere 2015; Henry 2014; Martino
2015 (MiHEART)). We obtained raw data for Henry 2014 from a figure
using specialized soHware.

SCT did not improve LVEF in participants with DCM compared to
control (no intervention or sham) (MD 5.41%, 95% CI −2.29 to 13.10;
I2 = 94%; studies = 8, participants = 353; Analysis 1.4). There was
substantial heterogeneity across studies, that was due mainly to Wu
2010, where participants in the SCT group surprisingly reached a
final mean value that doubled the baseline value, and, to a lesser
extent, Seth 2010 (ABCD).

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

Three studies comparing STC versus G-CSF reported changes in
LVEF. For one study, we used diOerence in final means (Vrtovec
2013a (NOGA-DCM)), while in the two other studies, we used mean
change diOerence (Hamshere 2015; Vrtovec 2011). In addition, we

obtained raw data for  Vrtovec 2011  and  Vrtovec 2013a (NOGA-
DCM) from a figure using specialized soHware.

SCT may improve LVEF in participants with DCM (MD 6.61%, 95% CI
5.61 to 7.62; I2 = 0%; studies = 3; participants = 182; Analysis 2.4).

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Hare 2017 (POSEIDON-DCM) found LVEF increased in participants
receiving allogeneic mesenchymal cells by 8.0% (P = 0.004)
compared with 5.4% in the autologous mesenchymal cells
group at 12 months (P = 0.116) (allogeneic versus autologous
group: between-group P = 0.4887). This resulted in the LVEF
rising above 40% in 46.7% of participants receiving allogeneic
mesenchymal cells versus 22.2% of participants receiving
autologous mesenchymal cells.

Vrtovec 2013b  found LVEF increased in both groups; however,
the change at six months was significantly higher in the
transendocardial SCT group than in the intracoronary SCT group.
According to the authors, the intracoronary group principally
improved their LVEF within the first month, whereas in the
transendocardial group the main improvement occurred between
months one and three. Authors also note that "LVEF improvement
correlated significantly with the percent of cells retained in the
myocardium 18 hours aHer intracoronary or trans endocardial
delivery (r=0.53, P < 0.001)."

Vrtovec 2018 (REMEDIUM)  observed no intergroup diOerences in
change in LVEF aHer one year between repetitive cell therapy versus
single cell therapy (mean increased from 32.2% (±9.3) to 41.2%
(±6.5) with repetitive cell therapy, and from 30.0% (±7.0) to 37.9%
(±5.3) with single cell therapy; P = 0.40).

Change in le, ventricular end-systolic volume

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Four studies comparing SCT versus control (no intervention or
sham) reported changes in LVESV. We used diOerence in final means
in two studies (Hamshere 2015; Seth 2010 (ABCD)), while in two
other cases, we used mean change diOerence (Henry 2014; Martino
2015 (MiHEART)). We obtained raw data for Henry 2014 from a figure
using specialized soHware.

The combined meta-analysis of these studies found a greater
reduction in the LVESV between participants who received SCT and
those who had not (MD −30.97 mL, 95% CI −54.18 to −7.75; I2 = 0%;
studies = 4, participants = 251; Analysis 1.5). However, the evidence
was uncertain.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

Only one study comparing SCT versus G-CSF reported changes in
LVESV (Hamshere 2015). There was no evidence of a diOerence
observed with STC plus G-CSF (intracoronary BMC) compared with
peripheral G-CSF (MD −71.30 mL, 95% CI −150.96 to 8.36; studies
= 1, participants = 27;  Analysis 2.5). There were no intragroup
diOerences (pre–post) in either group.
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Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Vrtovec 2013b reported data for changes in LVESV as a figure. There
was no diOerence aHer six months between groups (−18 mL with
transendocardial SCT versus −13 mL with intracoronary SCT; P =
0.10).

Vrtovec 2018 (REMEDIUM) assessed changes in LVESV but reported
no data.

Change in le, ventricular end-diastolic volume

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Four studies comparing SCT versus control (no intervention or
sham) reported changes in LVEDV. We used diOerence in final means
in two studies (Hamshere 2015; Seth 2010 (ABCD)), while in two
other cases, we used mean change diOerence (Henry 2014; Martino
2015 (MiHEART)). We obtained raw data for Henry 2014 from a figure
using specialized soHware.

The combined meta-analysis found a greater reduction in the LVEDV
between participants who had received SCT than those who had
not (MD −23.40 mL, 95% CI −49.74 to 2.94; I2 = 0%; studies =
4, participants = 251;  Analysis 1.6). However, the evidence was
uncertain.

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

One study comparing SCT versus G-CSF reported change in LVEDV
(Hamshere 2015). There was no evidence of a diOerence between
STC plus G-CSF (intracoronary BMC) and peripheral G-CSF groups
(MD −81.10 mL, 95% CI −175.54 to 13.34; studies = 1, participants =
27; Analysis 2.6). There were no intragroup diOerences (pre–post)
between groups.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

One study comparing diOerent types or delivery modalities of SCT
assessed change in LVEDV; however, there were no data reported
(Vrtovec 2018 (REMEDIUM)).

Change in plasma natriuretic peptide levels (BNP and NT-
proBNP)

Comparison 1: stem cell therapy versus control (no intervention or
sham)

Four studies comparing SCT versus control (no intervention or
sham) assessed BNP or NT-proBNP levels, but we could not
combine data in the meta-analysis.

Henry 2014 measured changes in BNP levels but the paper only
provides specific data for the SCT group and for the entire study
population (not specifically for the participants with non-ischaemic
DCM).

Martino 2015 (MiHEART) measured changes in BNP concentrations,
but provided no raw data. The authors stated: "Change in BNP
concentrations did not diOer significantly between the groups (P =
0.146 and 0.241 at 6 and 12 months, respectively)."

Hamshere 2015  measured changes in N-terminal pro-brain
natriuretic peptide (NT-proBNP) plasma levels and found

decreased levels in participants who received SCT at one year
(intragroup mean change diOerence −136.0 pg/mL, 95% CI −519.6 to
247.6; P = 0.0023), but not in those who had not (peripheral placebo)
(−175.5 pg/mL, 95% CI −493.2 to 147.1; P = 0.2218). There was no P
value for the between-groups comparison provided.

Wang 2006 measured changes in plasma BNP levels and found a
diOerence in final means between participants who had received
SCT and those who had not (MD [final means] −124.20 ng/L, 95% CI
−223.37 to −25.03).

Comparison 2: stem cell therapy versus granulocyte-colony
stimulating factor

Three studies comparing SCT versus G-CSF reported NT-proBNP
levels that could be pooled in a meta-analysis. We used diOerence in
final means in one study (Vrtovec 2013a (NOGA-DCM)), while in two
other studies, we used mean change diOerence (Hamshere 2015;
Vrtovec 2011). We obtained raw data for Vrtovec 2011 and Vrtovec
2013a (NOGA-DCM)) from a figure using specialized soHware.

The meta-analysis showed a greater reduction of NT-proBNP levels
with cell therapy (MD −1632.09 pg/mL, 95% CI −2180.18 to −1083.99;
I2 = 91%; studies = 3, participants = 181;  Analysis 2.7). However,
the evidence was uncertain. There was substantial heterogeneity
across studies, which was due mainly to Vrtovec 2011.

Comparison 3: di;erent types or delivery modalities of stem cell
therapies against each other

Two studies comparing diOerent types or delivery modalities of SCT
assessed NT-proBNP levels.

In Vrtovec 2013b, NT-proBNP levels declined in both groups aHer
six months; this was more in the transendocardial SCT group than
in the intracoronary SCT group (−628 pg/mL with transendocardial
SCT versus −315 pg/mL with intracoronary SCT; P = 0.04).

In Vrtovec 2018 (REMEDIUM), there were no intergroup diOerences
in change in NT-proBNP levels between repetitive cell therapy and
single cell therapy (mean increased from 1525 pg/mL (±1030) to
732 pg/mL (±725) with repetitive cell therapy, and from 1753 pg/
mL (±1008) to 1087 pg/mL (±978) with single cell therapy; P = 0.33).
From baseline to six months, both groups displayed a significant
improvement in decrease in NT-proBNP, with no additional changes
between six months and one year in either group.

D I S C U S S I O N

DCM is the most common form of non-ischaemic cardiomyopathy
worldwide (JeOeries 2010; McKenna 2017) and represents one of
the leading causes of heart failure requiring heart transplantation
in adults (Merlo 2016; Stehlik 2011). Since the early 1990s, optimal
medical management for heart failure according to evidence-based
guidelines has improved the long-term prognosis in people with
DCM (Merlo 2014; Ponikowski 2016; Yancy 2013). Nevertheless,
some patients experience a trend towards worsening of their leH
ventricular function (Merlo 2015), and most require continuous
intravenous inotropic therapy, ventricular assist devices, and
mechanical ventilation while awaiting a heart transplant (JeOeries
2010).

SCT has been proposed as a possible alternative therapy for DCM,
aHer some studies suggested a favourable eOect on functional
status and mortality (Frljak 2018; Poglagen 2018). Although SCT has
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been reported to be safe (Menasché 2018), its eOicacy in people
with DCM is still controversial, and SCT is not included in the
recommendations of the main clinical practice guidelines for heart
failure (Ponikowski 2016; Yancy 2013). We reviewed the available
information on the safety and eOicacy of SCT administered to
people with DCM and heart failure, based on RCTs.

Summary of main results

The review included 13 RCTs. Eight studies compared the eOect of
SCT with usual care or sham treatment; three studies compared
the administration of stem cells aHer cell mobilization with G-
CSF injected subcutaneously with controls receiving subcutaneous
G-CSF but not cells (Vrtovec 2011; Vrtovec 2013a (NOGA-DCM);
Hamshere 2015); and four studies compared diOerent modes of SCT
delivery. Among these, one study compared the administration of
autologous mesenchymal cells with allogenic mesenchymal cells
delivered transendocardially (Hare 2017 (POSEIDON-DCM)); one
study compared intracoronary and transendocardial delivery of
stem cells (Vrtovec 2013b); one study examined repetitive versus
single-infusion of stem cells (both groups receiving mobilization
with G-CSF) (Vrtovec 2018 (REMEDIUM)), and one study compared
intracoronary administration of bone marrow mononuclear cells
versus mesenchymal stem cells (Xiao 2017).

Participants were diagnosed with DCM aHer elimination of
secondary causes of heart failure, and all were given optimal
standard pharmacological treatment. Two studies had a six-month
follow-up, seven reported follow-up data for 12 months, and four
had long-term follow-up of more than 12 months. Here, we define
as primary outcomes all-cause mortality, and safety both at the
time of stem cell collection and administration, or within 30 days of
treatment.

Our main findings for SCT compared with usual care or sham
treatment (comparison 1) were as follows.

• We are uncertain whether SCT reduces all-cause mortality.

• We are uncertain whether SCT increases the risk of procedural
complications in people with DCM.

• We are uncertain whether SCT improves health-related quality
of life.

• We are uncertain whether SCT improves exercise capacity as
assessed by the 6MWT.

• SCT may slightly improve functional class as defined by the New
York Association (NHYA).

• No studies assessed MACE as defined in our protocol (Diaz-
Navarro 2019).

• SCT may not increase the risk of ventricular arrhythmia.

Our main findings for SCT (any type) plus G-CSF compared with G-
CSF (but no cells) (comparison 2) were as follows.

• We are uncertain whether SCT reduces all-cause mortality.

• We are uncertain whether SCT increases the risk of procedural
complications.

• SCT may not improve health-related quality of life.

• SCT may improve exercise capacity as assessed by the 6MWT.

• No studies assessed improvement in functional class as defined
by NHYA.

• No studies assessed MACE as defined in our protocol (Diaz-
Navarro 2019), or ventricular arrhythmia.

The evidence also suggests some eOects of SCT on physiological
outcomes such as change in LVEF, LVESV, and LVEDV, and to some
extent in laboratory parameters (BNP) presumably related with
cardiac function, but clinical implications of these observations
remain unclear.

These results are somewhat paradoxical because, in comparison
2, the participants in the control group received active treatment
(but without cells), that is considered superior to the control used in
comparison 1. Consequently, the explanation for these apparently
better results must lie in the nature of the experimental group (the
specific mode of administration of SCT) or the characteristics of the
study population, or both. This potential beneficial eOect observed
in a limited number of studies of low certainty suggests that the
combination of G-CSF with SCT compared with SCT alone might
produce additional benefits. In an experimental model, therapy
with G-CSF has been reported to have a protective eOect on people
with heart failure following myocardial infarction (Harada 2005).
However, these results must be treated with caution because
the study on which they were based had major inconsistencies
between the registry entry of the trial and its publication (i.e.
diOerent outcomes, interventions, and timing), and hence should
be interpreted with caution.

There was a wide variation in mortality rates across studies.
This variation could be due to large diOerences in follow-up, or
in baseline participant characteristics, among other factors. In
addition, most studies did not describe the cause of death. This
makes it diOicult to draw meaningful conclusions with regard to the
eOects of SCT on all-cause mortality.

There were substantial diOerences between the studies in terms
of the characteristics of the study population and the cell therapy
used (type and origin of the cells infused, cell dose, route, and
cell delivery methods), that would have recommended performing
subgroup analysis as was originally planned. However, the limited
number of studies in each category prevented this.

Some additional studies have compared diOerent cell therapy
modalities with each other. Although they did not provide direct
evidence of eOicacy, they contributed to understanding the eOects
observed with specific modalities of SCT delivery. Limited and
preliminary evidence suggests that repetitive infusions are no
better than a single treatment with SCT, and that transendocardial
injection is probably better than intracoronary delivery of cells.

In summary, this systematic review and meta-analysis found no
clear evidence that SCT is beneficial in terms of reducing all-
cause mortality, and improving health-related quality of life and
performance status in people with DCM. Thus, more research is
needed to establish the role of SCT in the treatment of DCM and
the most eOective treatment modalities. New evidence from several
ongoing studies may help determine the role of SCT in clinical
practice.

Overall completeness and applicability of evidence

All the studies included in this review were conducted in cohorts
of people with DCM. This diagnosis was made once any secondary
causes of myocardial disease, including ischaemic heart disease,
were excluded. However, some important inclusion criteria, such
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as LVEF, varied widely between the trials. Some authors considered
LVEF less than 50%, while others used less than 45%, 40% or
less, less than 35%, or 30% or less, and this may have aOected
the results. However, these studies remain as a representative
population of people with DCM under optimal pharmacological
medical treatment that might benefit from SCT.

Most included trials evaluated cell therapy versus non-cell therapy,
although there were some important diOerences in the specific
modalities of cell therapy used. Most studies used BMMCs and
delivered them via a single intracoronary infusion.

Trials included in this meta-analysis evaluated a broad variety
of outcomes and used diverse definitions, which represent a
potential limitation of our review that precluded the possibility
of evaluating the eOects of SCT on clinically relevant outcomes.
Beyond mortality, most of the outcomes evaluated were secondary
and some were surrogate indices, such as the LVEF, LVEDV, LVESV,
and plasma BNP levels.

Quality of the evidence

Overall, the studies included in this review were of a suboptimal
quality, which in turn aOects our assessment of the certainty
of the evidence available from the analyzed results. Only one
study qualified as 'low risk of bias' in all domains assessed,
aHer we obtained further information from the study authors
(Martino 2015 (MiHEART)). It is worth noting that insuOiciencies
were consistently detected in the quality of the reporting in most
studies, whereby aspects key to assessing the risk of bias were
not described in suOicient detail. It is important that medical
journals that publish therapeutic research studies (RCTs) adhere
to international reporting guidelines, such as CONSORT (Schulz
2010), so that the practical utility of the information published is
increased. Moreover, only some, but not all, of the studies included
in this review were registered in a public registry, which precluded
us from obtaining complementary data or further verifying the
information in this review. It is important that all RCTs are registered
as a guarantee of transparency and to provide another source
of information beyond any related publication. We wrote to the
authors of each trial to gather additional information that might
modify our conclusions about the risk of bias and the certainty of
evidence. As of June 2021, only one of the 10 authors has responded
(Martino 2015 (MiHEART)).

It is important to consider the variability in the numerical reporting
of the results of the RCTs included in this review. In some cases,
the format of the data was not useful for a meta-analysis because
of a lack of key details. In some cases, the observed diOerences
between treatments were only supported by a P value, which
does not allow their translation into a measure of the eOect. In
other cases, these data were only reported graphically without the
corresponding raw data. The use of specialized soHware (GetData
Graph Digitizer 2.26) allowed us to retrieve the original data from
graphs in some studies. In addition, some reported data were
incomplete, particularly continuous variables where the mean of
the change (final versus basal) and its SD were required. This issue
is particularly relevant in this review since the original studies were
mostly small trials, and despite randomization there were baseline
diOerences between the groups in most of the variables analyzed.
This shortcoming has forced us to combine results in our analysis
where eOects have been quantified using diOerent methods, which
adds uncertainty to the results obtained. In conclusion, we consider

the certainty of the evidence in this review to be limited, although
this may not aOect our overall conclusions.

Potential biases in the review process

This review was based on an exhaustive search for RCTs and
their careful selection. During this process, we identified other
potentially relevant studies but their design was not adequate for
our review. For example, we identified some controlled, but not
randomized, studies and their inclusion would have added risk of
bias and confusion to our review.

Agreements and disagreements with other studies or
reviews

In this systematic review, we focused on the eOects of SCT in
people with DCM based on the main outcomes of mortality
and complications of the procedures, as well as other surrogate
variables of secondary interest. While some earlier systematic
reviews informed this approach, they are fundamentally diOerent
from our review (Jiao 2014; Lu 2016; Marquis-Gravel 2014; Rong
2019; Wen 2018). It should be noted that none has a previous
protocol record. Only one (Rong 2019) addressed the assessment
of risk of bias by strictly adopting the methodology proposed
by Cochrane (Higgins 2011). In general, the evaluation of the
risk of bias or of the quality of the studies carried out in these
reviews is very lenient, considering as adequate the simple fact
of stating (although without giving details to verify them) some
key characteristics of the study design. However, none of these
reviews integrated quality assessment into the interpretation of
their results.

Our conclusions about mortality were consistent with those of
some previous systematic reviews (Rong 2019; Wen 2018), but
disagree with those expressed by others (Jiao 2014; Lu 2016). All of
these reviews, in addition to using eligibility criteria diOering from
ours (in some cases they included observational studies), did not
consider the separate analysis of studies where mobilization with
cytokines was used in the control group. This means that, when all
the studies in the same pool are combined, the results are more
favourable to SCT given the influence that the studies of Vrtovec
2011 and Vrtovec 2013a (NOGA-DCM) had on the overall results. As
previously noted, we consider that these studies deserve separate
consideration given their specific characteristics regarding the
modality of administration of cell therapy. Otherwise, analysing
them with the rest of the studies will lead to inappropriate
conclusions about the benefits of SCT in this pathology as observed
by these reviews, which we believe are not supported by the
available data.

A similar situation occurs when observing the eOect of SCT on
the surrogate variables of secondary interest that are based on
cardiac volumes. All the aforementioned non-Cochrane reviews
support an increase in LVEF aHer SCT therapy but none of them
reported an increase of 5%, a value associated with a reduction in
mortality in the follow-up of people with heart failure with reduced
ejection fraction (Dunlay 2012). This is consistent with a study
in which, through a sequential analysis based on two Cochrane
systematic reviews where SCT was used as therapy in acute
myocardial infarction and heart failure, there was no clinically
relevant diOerence in LVEF observed aHer treatment (Fisher 2016b).

Stem cell therapy for dilated cardiomyopathy (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

25



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Other Cochrane Reviews addressing mortality reduction and the
adverse eOects of SCT in people with heart failure secondary
to ischaemic cardiomyopathy support the possibility of success
(Fisher 2015; Fisher 2016a). This suggests that the treatment in
question could provide greater benefit to this group of patients.
Nonetheless, no studies to date have shown that people with
ischaemic heart failure have better response to cell therapy
compared to people with DCM.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This systematic review and meta-analysis found that stem cell
transplantation (SCT) appears to have little favourable eOects in
the treatment of people with dilated cardiomyopathy (DCM), while
very low-quality evidence reflects uncertainty regarding procedural
complications. It is possible that some benefits might be obtained if
SCT is administered in combination with peripheral administration
of granulocyte-colony stimulating factor (G-CSF), but more robust
information and data are needed to draw a clear conclusion.
Specific aspects related to the modality of cell therapy or its
delivery (type and origin of cells, dose, route of administration,
number of infusions, etc.), or both, remain uncertain. There are
several ongoing trials that could provide new evidence and modify
our conclusions.

Implications for research

Most studies included in this review administered bone marrow-
derived mononuclear cells. The lack of a clear benefit of SCT
observed in this review may be explained by the use of adult stem
cells delivered in their native state, as these cells have a limited
capacity for diOerentiation. Future randomized trials using stem
cells should take into account guiding criteria to identify the best
candidates for this therapy (Blau 2019; Chien 2019; Menasché 2018),
including identification of the best responders, choosing the proper
cell phenotype, the best dose of and delivery route for the cells, and
considering repetitive dosing.

A diOerent stem cell phenotype, cardiopoietic cells, has been
demonstrated to be safe and eOective in people with ischaemic
cardiomyopathy, and this approach represents a rationale to
be considered for use in a broader spectrum of cardiovascular
disorders including DCM (Terzic 2016).

The benefit of SCT appears to depend on leH ventricular dilation,
so people with an initial leH ventricular end-diastolic volume of
200 mL to 370 mL have a greater probability of a better response
to SCT, while those with less than 200 mL or greater than 370 mL
do not seem to respond to SCT (Bartunek 2017). Therefore, the
selection of patients for SCT should include people with an LVEDV
of 200 mL to 370 mL, which may be considered a predictor of
beneficial cardiopoietic SCT response (Bartunek 2018). This benefit

has also been demonstrated experimentally (Yamada 2020). Hence,
a baseline enlargement of the leH ventricle of 200 mL to 370 mL is
a key factor that may influence the therapeutic responsiveness to
SCT.

Establishing an evidence-based posology paradigm is also required
to ensure accurate titration of regenerative therapies and advance
the science of regenerative medicine (Terzic 2017).

The use of repeat dosing of bone marrow-derived stem cells
three to six months aHer the initial intracoronary infusion of cells
has been associated with improved clinical outcomes compared
with a single treatment at two years of follow-up (Assmus 2016).
Repetitive cell dosing suggests pharmacodynamic synergism to
rescue regenerative cell reserve and represents an emerging
paradigm in regenerative medicine (Behfar 2016).

Beyond cell quantity per se, the delivery method is another
factor that may influence the eOectiveness of SCT. Intracoronary
cell injections require cells to migrate into the myocardium,
which may result in lower engraHment rates than intramyocardial
injections (Terzic 2017). Transendocardial administration appears
to be a better approach than intracoronary delivery, as injections
can be targeted using electromechanical mapping to identify
areas of viable and dysfunctional myocardium (Bartunek 2013).
Moreover, novel catheters with incremental side holes for the
transendocardial administration of stem cells can be used, because
they enhance myocardial stem cell retention and improve delivery
(Bartunek 2016).

In summary, new studies are needed to explore the eOects of
specific modalities of SCT in well-selected specific subgroups of
people with DCM who have a greater probability of obtaining a
clinically relevant benefit. These studies must have a rigorous
design, be transparent, with long-term follow-up, be focused
on measuring eOects on clinically relevant variables, have clear
definitions of events, and provide a complete report according
to the CONSORT guidelines. Until then, this intervention should
remain within the scope of clinical research.
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Study characteristics

Methods Study design: RCT

Parallel groups (4; arm 1: peripheral placebo; arm 2: peripheral G-CSF; arm 3: IC serum; and arm 4: IC
BMC)

Single centre

Country: UK

Duration: 3 months (endpoint) and 1 year

Participants 60 participants randomized (15 in each arm)

Period (recruitment): July 2010 to April 2012

Inclusion criteria: diagnosis of NIDCM with no secondary cause found, LVEF < 45% (assessed by
echocardiography at referral), symptoms classed as NYHA ≥ 2 and on optimal medical treatment (es-
tablished for ≥ 6 months)

Baseline characteristics

• Sex (male): 70%

• Age (years), mean: arm 1: 56.79 (SD 9.84) vs arm 2: 54.57 (SD 9.76) vs arm 3: 54.87 (SD 10.86) vs arm
4: 57.67 (SD 12.32)

• BMI (kg/m2), mean: arm 1: 29.15 (SD 4.48) vs arm 2: 29.19 (SD 5.19) vs arm 3: 28.26 (SD 9.10) vs arm
4: 27.23 (SD 4.33)

• Family history of any heart disease (%): arm 1: 2 (SD 14.2) vs arm 2: 1 (SD 7.1) vs arm 3: 2 (SD 13.3) vs
arm 4: 2 (SD 13.3)

• Time from diagnosis to randomization (years), mean: arm 1: 5.43 (SD 0.98) vs arm 2: 7.6 (SD 2.09) vs
arm 3: 8.00 (SD 1.61) vs arm 4: 4.9 (SD 0.96)

• LVEF (%), mean: arm 1: 29.75 (SD 9.19) vs arm 2: 36.5 (SD 13.26) vs arm 3: 41.70 (SD 15.25) vs arm 4:
32.93 (SD 16.46)

• DCM aetiology: idiopathic 100%

Interventions Intervention group: IC BMC group (SCT+G-CSF)

Hamshere 2015 
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• Bone marrow harvest after 5 days of G-CSF and IC infusion of autologous BMCs

Details of SCT

• Cell origin: bone marrow

• Cell collection location: posterior superior iliac spine

• Type of cells infused: mononuclear, autologous

• Mean volume/number administered: unknown

• Cell mobilization: G-CSF 10 μg/kg/day SC for 5 days

• Delivery route: IC

• Number of cell infusions: single

Control group 1: peripheral placebo group (sham G-CSF)

• Peripheral SC injected saline

Control group 2: peripheral G-CSF group (G-CSF)

• Peripheral SC G-CSF (10 mg/kg/day) for 5 days

Control group 3: IC serum group (sham SCT+G-CSF)

• Bone marrow harvest after 5 days of G-CSF and IC infusion of serum

Details of the intervention (SCT)

• Participants randomized to interventional arm received 100 mL of bone marrow aspirated following
5 days of G-CSF 10 µg/kg/day SC (263 µg/1 mL)

• Infusion of stem cells/placebo using an over-the-wire balloon catheter, inflated in proximal artery to
low pressure (2 atmospheres below nominal). Stem cell suspension/placebo infused distal to the bal-
loon inflation through the central port of the balloon catheter over 3 min. Aimed to infuse 10 mL of
stem cells/placebo to > 90% of LV

Study included in Comparison 1 (STC vs IC serum) and Comparison 2 (STC vs peripheral G-CSF).

Outcomes Outcomes included in review

• Change in global LVEF at 3 months (primary outcome) and 1 year

• Changes in LV volumes from baseline at 3 months and 1 year

• Change in NT-proBNP levels

• Change in NYHA classification

• Quality of life assessed by EQ5D, and KCCQ at 3 months and 1 year

• All-cause mortality

• MACE defined as all-cause death, myocardial infarction, hospitalization for HF, at 3 months and 1 year

• Procedural complications

Other outcomes reported

• Safety of IC infusion (assessed by CK and troponin T concentrations 12 h after infusion

• Changes in myocardial mass from baseline, at 3 months and 1 year

• Exercise capacity (VO2peak)

• Exercise capacity (VE/VCO2 ratio)

• Exercise capacity (speed (mph))

• Exercise capacity (time (seconds))

Notes Registered in ClinicalTrials.gov: NCT01302171

Funding: supported by unrestricted grants from the Heart Cells Foundation and Barts and the London
Charity. Chugai Pharmaceutical donated supplies of G-CSF and pharmaceutical costs. Funding to pay
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the Open Access publication charges for the article provided by the Barts Cardiovascular Biomedical
Research Unit.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomised using a dedicated trial software system
(IHD Clinical Bishops Stortford, Hertfordshire, UK) in a 1:1:1:1 simple randomi-
sation to one of our groups."

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "It was not possible for the study to be blinded across all four groups
due to the invasive nature of the IC arm. However, participants and investiga-
tors were blinded within the IC arm between the IC BMC group and IC serum
groups and in the peripheral arm between saline and G-CSF… Data analysers
were entirely masked to group assignment in both trial arms."

Comparison 1 (SCT vs control), where control group consisted of sham SCT,
risk of bias was low.

Comparison 2 (SCT vs G-CSF), where the control group only received a pe-
ripheral SC treatment, risk of bias was unclear due to the subjective nature of
some outcomes (i.e. HRQoL).

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "It was not possible for the study to be blinded across all four groups
due to the invasive nature of the IC arm. However, participants and investiga-
tors were blinded within the IC arm between the IC BMC group and IC serum
groups and in the peripheral arm between saline and G-CSF… Data analysers
were entirely masked to group assignment in both trial arms."

Comparison 1 (SCT vs control), where control group consisted of sham SCT,
risk of bias was low.

Comparison 2 (SCT vs G-CSF), where the control group only received a pe-
ripheral SC treatment, risk of bias was unclear due to the subjective nature of
some outcomes (i.e. HRQoL).

Incomplete outcome data
(attrition bias)
All outcomes

Low risk At 3 months (primary endpoint), 1 participant in each peripheral SC group was
lost to follow-up. At 1 year, 13 participants were available in each study arm
(i.e. 2 losses per arm).

Paper stated that participants who did not reach the primary and secondary
endpoints were not included in all analyses. However, due to the equal distrib-
ution of missing participants, we deemed attrition bias risk low.

Selective reporting (re-
porting bias)

Low risk All outcomes reported in ClinicalTrials.gov were latter reported in the paper.

Hamshere 2015  (Continued)
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Parallel groups (2; arm 1: autologous stem cells; arm 2: allogeneic stem cells)
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Single centre

Country: USA

Duration: 30 days (primary analysis: safety), and 12 months (secondary outcomes)

Participants 37 participants randomized, but 3 did not receive the intervention leaving 34 valid cases (16 in arm 1
and 18 in arm 2).

Period (recruitment): December 2011 to July 2015.

Inclusion criteria: eligibility determined after confirmation of NIDCM diagnosis with an EF < 40% and
either a leH ventricular end-diastolic diameter > 5.9 cm in males or > 5.6 cm in females, or an LV end-di-
astolic volume index > 125 mL/m2.

Baseline characteristics

• Sex (male): arm 1: 62.5% vs arm 2: 77.8%

• Age (years), mean: arm 1: 57.4 (SD 11.0) vs arm 2: 54.4 (SD 11.5)

• Time from diagnosis to randomization (years), mean: arm 1: 6.93 (SD 7.3) vs arm 2: 6.05 (SD 6.2)

• NYHA functional class I: arm 1: 37.5% vs arm 2: 22.2%; class II: arm 1: 50.0% vs arm 2: 50.0%; class III:
arm 1: 12.5% vs arm 2: 27.8%

• LEVF (%), mean: arm 1: 25.2 (SD 10.5) vs arm 2: 27.6 (SD 9.0)

Interventions Intervention SCT arm 1 (19 participants): autologous-hMSCs

• 20 million cell/mL delivered transendocardially at 0.5 mL per injection × 10 injections for a total of 1

× 108 (100 million) autologous-hMSCs.

Intervention SCT arm 2 (18 participants): allogeneic-hMSCs

• 20 million cell/mL delivered transendocardially at 0.5 mL per injection × 10 injection for a total of 1 ×

108 (100 million) allogeneic-hMSCs.

Details of SCT

• Cell origin: autologous (arm 1) or allogenic (arm 2)

• Cell collection location: arm 1 (auto-hMSCs): cells derived via BMA approximately 4–6 weeks prior to
cardiac catheterization; arm 2 (allo-hMSCs): cells supplied by an allogeneic human mesenchymal stem
cell source manufactured at the University of Miami Cell Production Facility

• Type of cells infused: mesenchymal stem cells

• Mean volume/number administered: 1 × 108 cells (20 million cells/mL delivered in 10 injections of 0.5
mL each)

• Cell mobilization: no

• Delivery route: transendocardially during cardiac catheterization

• Number of cell infusions: single

Study included in Comparison 3 (STC vs STC)

Outcomes Outcomes included in review

• Incidence of any treatment-emergent serious adverse events, at 1 month after catheterization (pri-
mary endpoint)

• Changes in 6MWT, at 1 year

• Changes in global EF, at 1 year

• Changes in NYHA, at 1 year

• Changes in MLHFQ, at 1 year

Other outcomes reported

Hare 2017 (POSEIDON-DCM)  (Continued)
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• Changes in VO2peak, at 1 year

Notes Registered in ClinicalTrials.gov: NCT01392625

Funding: NIH grant 5R01HL110737

This was conceived as a pilot study.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk This was an open-label trial. However, it was unclear how this could affect the
way participants were managed since all received an active form of treatment
consisting of SCT (whether allogeneic or autologous stem cells).

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Although this was an open-label study, all data analysis was masked to
those assessing all study endpoints."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 2 participants in arm 2 were lost to follow-up for the primary analysis at 3
months. 5 participants were lost to follow-up at 1 year (arm 1: 3 vs arm 2:
2), with no clear reasons provided except for 2 deaths in arm 2 (allogene-
ic-hMSCs).

Unclear which was the population of analysis.

Selective reporting (re-
porting bias)

Low risk All outcomes reported in ClinicalTrials.gov were later reported in the paper.

Hare 2017 (POSEIDON-DCM)  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Henry 2014 consisted of two phase IIA trials (Catheter-DCM and IMPACT-DCM) that ran in parallel, both
assessing the safety and efficacy of ixmyelocel-T administered via mini-thoracotomy (IMPACT-DCM) or
intramyocardial catheter injections (Catheter-DCM).

Parallel groups (2)

Multicentre

Country: USA

Duration: 12 months for efficacy and 24 months for safety

Participants Catheter-DCM

22 participants randomized in a 2:1 ratio (15 SCT and 7 control).

Henry 2014 
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Period (recruitment): April 2010 to March 2013.

IMPACT-DCM

39 participants randomized in a 3:1 ratio (25 SCT and 14 control). (Note: the allocation does not seem to
correspond to a 3:1 ratio as stated by the authors.)

Period (recruitment): November 2008 to September 2012

Inclusion criteria: high-risk population with ischaemic or NIDCM based on the following criteria: WHO
definitions and classifications, symptomatic HF, NYHA class III or IV, LVEF ≤ 30% by echocardiogram,
and ineligibility for percutaneous or surgical revascularization.

Results provided separately for NIDCM subgroup (18 participants in the intervention arm and 11 in con-
trol group).

Baseline characteristics (both studies, only participants with NIDCM)

• Sex (male): control 64% vs SCT 73%

• Age (years), mean: control 52.3 (SD 11) vs SCT 57.9 (SD 11)

• NYHA functional class III: control 100% vs SCT 94%; class IV: control 0% vs SCT 6%

• LVEF (%), mean: control 24.7 (SD 6) vs SCT 25.8 (SD 7)

• Eligible participants were taking optimal medical therapy for HF, and had automated implantable
cardioversion defibrillator unless contraindicated.

Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: bone marrow (about 60 mL BMA from the posterior iliac crest)

• Type of cells infused: ixmyelocel-T, an expanded multicellular therapy cultured from autologous
BMMC that comprised myeloid cells and lymphoid cell types

• Mean volume/number administered: 35–295 × 106 cells

• Cell mobilization: apparently not

• Delivery route: intramyocardial. In catheter-DCM, SCT (ixmyelocel-T) delivered percutaneously via
the NOGA XP cardiac navigation system with a series of 12–20 injections of 0.4 mL each ≥ 1 cm apart
into the myocardium). In IMPACT-DCM, SCT (ixmyelocel-T) delivered via minimally invasive thoraco-
tomy or lateral thoracotomy (determined by the treating cardiac surgeon)

• Number of cell infusions: single

Control group: standard of care

• Standard-of-care treatment for DCM, according to accepted medical practices.

Study included in Comparison 1 (STC vs control).

Outcomes Outcomes included in review

• All-cause mortality

• Safety (mean number of adverse events per participant)

• MACE, defined as cardiac death, cardiac arrest, myocardial infarction, sustained ventricular arrhyth-
mia (e.g. ventricular tachycardia or ventricular fibrillation), pulmonary oedema, HF exacerbation re-
quiring hospitalization (e.g. acute HF), unstable angina, or major bleeding (defined as need for ≥ 2
units of blood within 1 week of injection procedure or need for operation because of bleeding). This
was the primary outcome

• Change from baseline in NYHA HF status

• Change from baseline in the MLHFQ

• Change form baseline in the exercise tolerance measured by 6MWT

• Change from baseline in BNP

Henry 2014  (Continued)
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• Changes from baseline in LVEF, LV dimensions, and volumes

Other outcomes reported in protocol

• Wall Motion Score Index

• Regional myocardial contractility and maximal elasticity in the dysfunctional segments

• Perfusion (assessed by FDG-PET)

• HF symptoms

• Forced expiratory volume in 1 second (assessed by spirometry)

• HF markers (assessed by troponin I)

• HF medications

Notes Catheter-DCM trial registered in ClinicalTrials.gov: NCT01020968

IMPACT-DCM trial registered in ClinicalTrials.gov: NCT00765518

Funding: Aastrom Biosciences, Inc, Ann Arbor, MI, USA.

Both studies reported the results in one publication (Henry TD, Traverse JH, Hammon BL, East CA,
Bruckner B, Remmers AE, et al. Safety and efficacy of ixmyelocel-T: an expanded, autologous multi-cel-
lular therapy, in DCM. Circulation Research 2014;115(8):730-7).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "A computer-generated randomization schedule was used to assign pa-
tients within each stratum."

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "MACE were adjudicated in a blinded fashion by the Principal Investiga-
tors. In addition, changes from baseline in LVEF, LV dimensions and volumes
were assessed by a blinded assessor."

Incomplete outcome data
(attrition bias)
All outcomes

High risk Catheter-DCM: 1 participant in each group withdrew before 12 months (un-
clear if they were participants with ischaemic or NIDCM). There was no imputa-
tion for missing data.

IMPACT-DCM: 3/25 (12%) participants in the intervention group and 7/14
(50%) from the control group withdrew before 12 months (unclear if they were
participants with ischaemic or NIDCM). There was no imputation for missing
data.

The distribution of withdrawals, greater in the control group, possibly biased
the results against SCT.

Selective reporting (re-
porting bias)

Low risk All outcomes reported in ClinicalTrials.gov were later reported in the paper.

Henry 2014  (Continued)
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Study characteristics

Methods Study design: RCT

Parallel groups (2)

Double-blind

Multicentre (11)

Country: Brazil

Duration: 6 months (endpoint) and 12 months

Participants 160 participants randomized in a 1:1 ratio (82 SCT and 78 control)

Period (recruitment): January 2006 to December 2012

Inclusion criteria: previous diagnosis of HF according to Framingham criteria; HF symptoms for ≥ 1
year, with aetiological diagnosis of NIDCM according to WHO criteria; aged 18–75 years; NYHA function-
al class III or IV; appropriate drug therapy following the 4-week optimization period and an echocardio-
gram showing EF < 35%.

Baseline characteristics

• Sex (male): control 68.3% vs SCT 73.1%

• Age (years), mean: control 49.6 (SD 11.1) vs SCT 51.0 (SD 11.1)

• LVEF (%), mean: control 24.7 (SD 7.0) vs SCT 23.8 (SD 7.2)

• All participants had their pharmacological therapy optimized for ≥ 4 weeks before randomization and
were maintained on this therapy throughout the study

Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: BMA (100 mL of bone marrow content aspirated, under sedation and local
anaesthesia, by iliac crest puncture)

• Type of cells infused: mononuclear cells

• Mean volume/number administered: ≥ 108 cells diluted in 20 mL of saline

• Cell mobilization: no

• Delivery route: IC (using an angioplasty catheter without balloon inflation)

• Number of cell infusions: single

Control group: placebo (sham SCT)

• Plain saline with 5% autologous serum in opaque 10 mL syringes before being sent to the catheteri-
zation laboratory

Study included in Comparison 1 (STC vs control).

Outcomes Outcomes included in the review

• Adverse events

• All-cause mortality

• Change from baseline in NYHA functional class

• Change from baseline in 6MWT

• Change from baseline in MLHFQ

• Change from baseline in LVEF (primary outcome)

• Change from baseline in LVESV

Martino 2015 (MiHEART) 
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• Change from baseline in LVEDV

• Change from baseline in BNP levels

Other outcomes reported

• VO2peak

• Global EF

• Change from baseline in LVEED

• Change from baseline in LVEDD

• Participants who reached an absolute increase of 5% in EF

Notes Registered in ClinicalTrials.gov: NCT00333827

Funding: Brazilian Ministry of Health, through the Brazilian Agency for Innovation (FINEP)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Software was created in R version 1.9.0 to specifically generate the
randomization sequence for the study." 

In addition, blocks of variable size (2, 4 or 6 participants) were used.

Allocation concealment
(selection bias)

Low risk Quote: "Patients were randomised after bone marrow aspiration was per-
formed."

Information provided by the contacting author at our request: "Once ran-
domised, the group allocation was available online (accessible by login and
password) just for the person in charge of preparing the mononuclear fraction
in each centre. This person then prepared the syringes containing either cells
or placebo. Contents of the syringe could not be seen because it was involved
with black insufilm. The PI [principal investigator] and the interventional car-
diologist at each center were blinded to the randomisation."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind trial.

Quote: "According to the assigned group, darkened syringes containing the
mononuclear cell fraction or saline with 5% autologous serum are then pre-
pared and sent for implant into the patients."

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blind trial.

Quote: "According to the assigned group, darkened syringes containing the
mononuclear cell fraction or saline with 5% autologous serum are then pre-
pared and sent for implant into the patients."

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 45 participants (28%) (21 (25.6%) in the intervention group and 24 (30.8%) in
the control group) abandoned the study or withdraw the consent. Used an in-
tention-to-treat analysis with imputation of missing values using the "worst
value recorded for that variable."

Selective reporting (re-
porting bias)

Low risk All outcomes reported in ClinicalTrials.gov were later reported in the paper.

Martino 2015 (MiHEART)  (Continued)
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Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: Brazil

Duration: 12 months

Participants 30 participants randomized in a 2:1 ratio (20 SCT and 10 control)

Period (recruitment): recruitment started in 2005

Inclusion criteria: people with HF; LVEF < 35% by echocardiogram; NYHA functional class III or IV, de-
spite full medical treatment; aged 20–65 years; diagnosis of NIDCM for ≥ 12 months before enrolment.

Baseline characteristics

• Sex (male): control 50% vs SCT 65%

• Age (years), mean: control 51.6 (SD 7.79) vs SCT 48.3 (SD 8.71)

• LVEF (%), mean: control 24.76 (SD 4.64) vs SCT 21.75 (SD 41.19)

• LVEDD (mm): control 69.38 (SD 7.81) vs SCT 69.80 (SD 4.41)

Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: BMA (volume of about 80 mL from the anterior iliac crest)

• Type of cells infused: mononuclear cells

• Mean volume/number administered: 1.06 × 108 mononuclear cells per participant

• Cell mobilization: apparently not

• Delivery route: intramyocardial (cells infused through a leH mini-thoracotomy, consisting of an ap-
proximately 5 cm incision in the anterolateral portion of the fiHh leH intercostal space to expose the
pericardium. A T-shaped pericardial incision was made to access the free wall of the LV. Coronary ar-
teries were identified and the cell suspension was directly injected, using a 21F butterfly needle intro-
duced about 5 mm intramyocardially and connected to an extension managed by the surgical assis-
tant. 20 × 0.25 mL injections were given in the myocardium and in the anterior, lateral, posterior, and
apical faces of the leH ventricular free wall)

• Number of cell infusions: apparently single

Control group

• Not specified

Study included in Comparison 1 (STC vs control)

Outcomes Outcomes included in review

• Adverse events (including procedural safety)

• All-cause mortality

• Change from baseline in NYHA functional class

• Change from baseline in 6MWT

• Change from baseline in MLHFQ

• Change from baseline in LVEF (primary outcome)

Sant'Anna 2014 (INTRACELL) 
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Other outcomes reported

• Change from baseline in LVESD

• Change from baseline in LVEDD

Notes Registered in ClinicalTrials.gov: NCT00743639

Funding: financial support from Brazilian government agencies National Council for Scientific and
Technological Development, e Committee for Postgraduate Courses in Higher Education, Ministry of
Health, and FAPERGS

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants randomized using computer software for simple randomization.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label trial.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "In the first three months of follow-up, 25% (5 out of 20) of the patients
from the BMMC group had either died or been withdrawn from the study,
resulting in a decrease in the number of treated cases available for late fol-
low-up. Since those patients had a lower mean ejection fraction than the
whole group (18.26% vs 21.75%), we excluded them from comparative analy-
sis, in order to avoid overestimation of treatment effect. In other words, out-
come analysis was performed in as-treated basis, not as intention-to-treat."

Contrary to what the authors commented, we consider that the exclusion of
these participants from the SCT group poses a risk of bias in favour of treat-
ment.

Selective reporting (re-
porting bias)

High risk ClinicalTrials.gov register only specifies the primary endpoint (increase of the
ejection function of the LV) but not the secondary outcomes.

Sant'Anna 2014 (INTRACELL)  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: India

Seth 2010 (ABCD) 
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Duration: 3 years (mean follow-up 28 months)

Participants 85 participants randomized in a 1:1 ratio (45 SCT and 40 control), but 81 analyzed (41 SCT and 40 con-
trol).

Period (recruitment): not reported

Inclusion criteria: aged 15–70 years with idiopathic DCM with normal coronary arteries, EF < 40%, and
no other severe comorbidities (e.g. chronic renal failure, liver failure, or any malignancy).

Baseline characteristics

• Sex (male): control 88% vs SCT 80%

• Age (years), mean: control 49 (SD 9) vs SCT 45 (SD 15)

• NYHA functional class I or II: control 35% vs SCT 0; class III or IV: control 65% vs SCT 100%

• LEVF (%), mean: control 20.8 (SD 9.3) vs SCT 22.5 (SD 8.3)

• LVEDD (mm): not reported

• DCM aetiology: idiopathic 100%

Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: BMA (50–60 mL) from the iliac crest

• Type of cells infused: mononuclear cells

• Mean volume/number administered: 28 (SD 16) × 106 cells/mL

• Cell mobilization: apparently not

• Delivery route: IC (participants underwent right heart catheterization and endomyocardial biopsy
from the right side of the interventricular septum. The coronary sinus was then engaged using a Swan-
Ganz catheter that was passed up the coronary sinus, and the balloon was inflated. Two-thirds of the
mononuclear cell concentrate was injected into the leH coronary artery and one-third was injected
into the right coronary artery)

• Number of cell infusions: apparently single

Control group: control

• Not specified.

Study included in Comparison 1 (STC vs control).

Outcomes Outcomes included in the review

• Change in LVEF (primary endpoint)

• Mortality (primary endpoint)

• Change in LVEDV

• Change in LVESV

• Change in NYHA functional class

• Change in quality of life using the KCCQ

Notes Not registered on ClinicalTrials.gov.

Funding: research funds from the All India Institute of Medical Sciences (AIIMS) under the Stem Cell Re-
search Program.
Study reported in a brief format as two research correspondence papers.

Risk of bias

Bias Authors' judgement Support for judgement

Seth 2010 (ABCD)  (Continued)
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Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label trial.

Incomplete outcome data
(attrition bias)
All outcomes

High risk 2 participants in the treatment arm were lost to follow-up, and another 2 par-
ticipants underwent biventricular pacing. These participants were excluded
from the analysis, as well as 1 participant in the control group.

Selective reporting (re-
porting bias)

Unclear risk Study was not registered on ClinicalTrials.gov.

Seth 2010 (ABCD)  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: Slovenia

Duration: 1 year

Participants 55 participants randomized in a 1:1 ratio (28 SCT and 27 control)

Period (recruitment): January 2008 to September 2008

Inclusion criteria: aged ≥ 18 years, diagnosis of DCM, optimal medical management for ≥ 6 months,
marked ventricular systolic dysfunction (LVEF < 30%), and NYHA functional class III or IV for ≥ 3 months
before referral.

DCM defined based on the absence of any stenotic lesions on coronary angiography, no congenital
heart disease, no primary valve disease on echocardiography, and no history of hypertension or alco-
hol abuse.

Baseline characteristics

• Sex (male): 79%

• Age (years), mean: 53 (SD 9)

• LEVF (%), mean: 25.9 (SD 4.6)

• LVEDD (mm): 70 (SD 8)

• All participants received optimal medical therapy and the treatment regimen remained unchanged
throughout the study

Vrtovec 2011 
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Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: peripheral blood

• Type of cells infused: CD34+

• Mean volume/number administered: 123 (SD 23) × 106

• Cell mobilization: G-CSF (5 μg/kg twice daily for 5 days)

• Delivery route: IC (10 injections × 10 mL of stem cell solution before the procedure; participant was
fully heparinized)

• Number of cell infusions: single

Control group: control

• G-CSF 5 μg/kg twice daily for 5 days)

Study included in Comparison 2 (STC vs G-CSF)

Outcomes Outcomes included in the review

• Change from baseline in LVEF (primary endpoint)

• Change from baseline in 6MWT

• Change from baseline in BNP level

• All-cause mortality or heart transplantation (as a combined endpoint)

• HF mortality (co-primary endpoint)

Other outcomes reported

• Early changes of plasma inflammatory markers and ventricular electrophysiological parameters

• Change from baseline in LVEDD

Notes Registered in ClinicalTrials.gov: NCT00629018

Funding: not reported

Study conceived as a pilot study.

There are some inconsistencies between the information provided by ClinicalTrials.gov and the final
publication regarding the total number of participants (110 in ClinicalTrials.gov vs 55 in publication),
the time point for the outcomes (5 years in ClinicalTrials.gov vs 1 year in publication) and some of the
outcomes that were planned and finally reported. Besides, the results posted in ClinicalTrials.gov seem
to correspond to Vrtovec 2013a (NOGA-DCM), a study (110 participants) performed by the same author
and team.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Vrtovec 2011  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Echocardiography data were recorded and analyzed at 1 year by an indepen-
dent echocardiographer who was blinded to treatment allocation. Similar-
ly, 6MWT was performed by a blinded observer. These were the primary out-
comes.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk In the intervention group, 26/28 participants were analysed (2 deaths) where-
as in the control group the number of participants analyzed was 19/27 (3 par-
ticipants died and 5 underwent heart transplantation before 1 year). Except for
the combined endpoint of mortality and heart transplantation, in all other out-
comes used the 'last observation carried forward' strategy to include partici-
pants who died or received transplantation.

Due to the distribution of participants who did not reach 1 year of follow-up,
we assumed that the effect estimates for SCT were likely underestimated to
some extent.

Selective reporting (re-
porting bias)

High risk There are some inconsistencies between the trial register (NCT) and the final
publication regarding the total number of participants (110 in ClinicalTrial-
s.gov vs 55 in publication), the time point for the outcomes (5 years in Clin-
icalTrials.gov vs 1 year in publication) and some of the outcomes that were
planned and finally reported.

Study was a pilot of Vrtovec 2013a (NOGA-DCM).

High suspicion that participants reported in Vrtovec 2011 were also included in
the Vrtovec 2013a (NOGA-DCM) analysis.

Vrtovec 2011  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: Slovenia

Duration: 5 years

Participants 110 participants randomized in a 1:1 ratio (55 SCT and 55 control)

Period (recruitment): January 2005 to May 2006

Inclusion criteria: aged 18–65 years, diagnosis of NIDCM according to European Society of Cardiology
position statement, optimal medical management for ≥ 6 months, marked ventricular systolic dysfunc-
tion (LVEF < 30%), and NYHA functional class III for ≥ 3 months before referral

Baseline characteristics

• Sex (male): 89%

• Age (years), mean: 54 (SD 9)

• LEVF (%), mean: 25.2 (SD 4.2)

• LVEDD (mm): 70 (SD 8)

• DCM aetiology: viral 71%, familiar 14%, idiopathic 15%

Vrtovec 2013a (NOGA-DCM) 
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Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: peripheral blood

• Type of cells infused: CD34+

• Mean volume/number administered: 113 (SD 26) × 106

• Cell mobilization: G-CSF 5 μg/kg twice daily for 5 days)

• Delivery route: IC (10 injections × 10 mL each) of stem cell solution)

• Number of cell infusions: single

Control group: control

• G-CSF 5 μg/kg twice daily for 5 days

Study included in Comparison 2 (STC vs G-CSF)

Outcomes Outcomes included in the review

• Change from baseline in LVEF (primary endpoint)

• Change from baseline in 6MWT

• Change from baseline in NT-proBNP

• All-cause mortality and cardiac mortality

• Heart transplantation

Other outcomes reported

• Change from baseline in LVEDD (primary endpoint)

Notes Registered in ClinicalTrials.gov: NCT01350310

Funding: Ministry of Health, Republic of Slovenia, Tertiary Care Scientific grants (20110130 and
20100368), Slovenian Research Agency, Slovenian-US Collaborative Research grant (430-11/2009), and
Stanford Cardiovascular Institute Seed grants (JCW, FH).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "The echocardiography data and 6-minute walk test were performed by
a blinded observer."

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Study did not specify the number of losses or provide a flow chart. Unclear if
they performed an intention-to-treat analysis (most probably not).

Vrtovec 2013a (NOGA-DCM)  (Continued)
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At 5 years, 8 participants in SCT arm and 19 in control arm had died. Unclear
how many participants were analysed at 5 years for the remaining outcomes.

Selective reporting (re-
porting bias)

High risk There were some inconsistencies between the ClinicalTrials.gov register and
final publication regarding the total number of participants (110 in ClinicalTri-
als.gov vs 55 in publication), the time point for the outcomes (5 years in Clin-
icalTrials.gov vs 1 year in publication) and some of the outcomes that were
planned and finally reported.

Study performed after a previous pilot trial (Vrtovec 2011).

High suspicion that participants reported in Vrtovec 2011 were also included in
the Vrtovec 2013a (NOGA-DCM) analysis.

Vrtovec 2013a (NOGA-DCM)  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: Slovenia

Duration: 6 months

Participants 40 participants randomized, in a 1:1 ratio (20 IC and 20 TE delivery)

Period (recruitment): January 2011 to January 2012

Inclusion criteria: aged 18–65 years, diagnosis of DCM according to European Society of Cardiology
position statement, optimal medical management for ≥ 6 months, LVEF < 40%, and NYHA functional
class III for ≥ 3 months before referral.

Baseline characteristics

• Sex (male): IC 90% vs TE 80%

• Age (years), mean: IC 54 (SD 8) vs TE 56 (SD 7)

• LEVF (%), mean: IC 27.3 (SD 5.5) vs TE 25.4 (SD 5)

Interventions Intervention group 1: IC delivery group (20 participants)

• G-CSF 5 μg/kg twice daily for 5 days; thereafter, CD34+ cells were collected via apheresis and infused
via IC catheter.

Intervention group 2: transendocardial delivery group (20 participants)

• G-CSF 5 μg/kg twice daily for 5 days; thereafter, CD34+ cells were collected via apheresis. Intramyocar-
dial delivery of cell suspension was performed with the MyoStar (BiosenseWebster, Diamond Bar, CA)
injection catheter.

Details of SCT (same in both study groups)

• Cell origin: autologous

• Cell collection location: peripheral blood

• Type of cells infused: mononuclear stem cells

Vrtovec 2013b 
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• Mean volume/number of cells administered: 103–105 (SD 31) × 106 cells

• Cell mobilization: yes

• Delivery route: IC or TE depending on intervention arm during cardiac catheterization

• Number cell infusions: single (each participant received 10 injections; total volume of 100 mL)

Study included in Comparison 3 (STC vs SCT)

Outcomes Outcomes included in review

• Change in LVEF

• Change in LVESV

• Changes in exercise capacity (6MWT)

• Change in NT-proBNP levels

Other outcomes reported in protocol

• Changes in leH ventricular segmental function

• Change in LVEDD

Notes Registered in ClinicalTrials.gov: NCT01350310.

Funding: Ministry of Health (Republic of Slovenia)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Patients were randomly allocated in 1:1 ratio."

No further details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk The echocardiogram data were recorded and analysed by an independent
echosonographer who was blinded to the intervention allocated. Change in
LVEF from baseline was the primary outcome.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote from flow chart: "All patients were followed for 6 months."

Selective reporting (re-
porting bias)

Low risk Paper reported all outcomes specified in ClinicalTrials.gov.

Vrtovec 2013b  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2; arm 1: repetitive doses, arm 2: single dose)

Vrtovec 2018 (REMEDIUM) 
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Single centre

Open label

Country: Slovenia

Duration: 12 months

Participants 60 participants randomized, ratio 1:1 (30 arm 1; 30 arm 2)

Period (recruitment): January 2014 to September 2017

Inclusion criteria: aged 18–70 years, diagnosis of DCM according to European Society of Cardiology
position statement, optimal medical management for ≥ 3 months, LVEF < 40%, and NYHA functional
class III for ≥ 3 months before referral

Baseline characteristics

• Sex (male): arm 1: 90% vs arm 2: 87%

• Age (years), mean: arm 1: 56 (SD 9.0) vs arm 2: 54 (SD 11.0)

• Duration of HF (months), mean: arm 1: 33.7 (SD 5.2) vs arm 2: 36.2 (SD 4.4)

• LEVF (%), mean: arm 1: 32.2 (SD 9.3) vs arm 2: 30.0 (SD 7.0)

Interventions Intervention group 1: repetitive doses

• G-CSF 10 μg/kg for 5 days; thereafter, CD34+ cells were collected via apheresis and injected transendo-
cardially guided by electro-anatomical mapping. Cell therapy repeated at 6 months.

Intervention group 2: single dose

• G-CSF 10 μg/kg for 5 days; thereafter, CD34+ cells were collected via apheresis and injected transendo-
cardially guided by electro-anatomical mapping. No cell therapy repeated.

Details of SCT

• Cell origin: autologous

• Cell collection location: peripheral blood

• Type of cells infused: mononuclear stem cells

• Mean volume/number administered: standardized dose of 80 × 106 used for transendocardial injec-
tion

• Cell mobilization: G-CSF 10 μg/kg once daily for 5 days SC

• Delivery route: transendocardially during cardiac catheterization

• Number of cell infusions: single vs repeated at 6 months

Study included in Comparison 3 (STC vs SCT)

Outcomes Outcomes included in review

• Change in LVEF over 12 min

• Change in 6MWT

• Change in NT-ProBNP levels

• Serious adverse events (including: death, heart transplantation, leH ventricular assist device implan-
tation, sustained ventricular arrhythmia, HF worsening requiring hospitalization)

Other outcomes reported

• Change in LVEDD

• Change in regional wall motion

Notes Registered in ClinicalTrials.gov: NCT02248532

Vrtovec 2018 (REMEDIUM)  (Continued)

Stem cell therapy for dilated cardiomyopathy (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

51



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Funding: Slovenian Research Agency grant # J3-7312-0381.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Patients were randomly allocated in 1:1 ratio."

No further details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Echocardiography data recorded and analyzed at end of study by an indepen-
dent echocardiographer who was blinded to the participant's treatment sta-
tus. 6MWT assessed by a blinded outcome assessor.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 3 participants were lost to follow-up at 1 year (2 heart transplants and 1 death)
(1 in arm 1; 2 in arm 2).

Selective reporting (re-
porting bias)

Low risk No changes from protocol as reported in ClinicalTrials.gov.

Vrtovec 2018 (REMEDIUM)  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: China

Duration: 6 months

Participants 24 participants randomized in a 1:1 ratio (12 SCT and 12 control)

Period (recruitment): January 2002 to October 2004

Inclusion criteria: aged ≤ 70 years; DCM according to the WHO/International Society and Federation of
Cardiology Task Force definition; LVEF < 45%

Exclusion criteria: people with secondary myocardiopathy

Baseline characteristics

• Sex (male): control 69.2% vs SCT 75%

• Age (years), mean: control 58.4 (SD 11) vs SCT 54.0 (SD 11)

• LVEF (%), mean: control not reported vs SCT 30.0 (SD 9)

Wang 2006 

Stem cell therapy for dilated cardiomyopathy (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

52



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• LVEDD (mm), mean: control not reported vs SCT 69.3 (SD 2.2)

Interventions Intervention group: STC

Details of SCT

• Cell origin: autologous

• Cell collection location: bone marrow (right ilian crest)

• Type of cells infused: mononuclear

• Mean volume/number administered: cell final concentration was 5.86 (SD 2.36) × 105/mL

• Cell mobilization: not reported

• Delivery route: IC (30 mL)

• Number of cell infusions: single

Control group: placebo

• Equal quantity of saline

Study included in Comparison 1 (STC vs control)

Outcomes Outcomes included in review

• Mortality

• Change from baseline in BNP levels

• Change from baseline in 6MWT

• Change from baseline in LVEF

• Ventricular tachycardia

Other outcomes reported

• Change from baseline in LVEDD

• Changes of serum inflammation indicators before and after transplantation

• Premature ventricular contractions

• Heart transplant

Notes Not registered at ClinicalTrials.gov

Study published in Chinese in short format.

Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Placebo-controlled (control group received same volume of saline).

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Not mentioned if the outcome assessors were blinded but the use of a sham
procedure as a placebo suggests that risk of detection bias was low.

Wang 2006  (Continued)
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Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk No lost to follow-up or flow chart reported.

Selective reporting (re-
porting bias)

Unclear risk No protocol reported.

Wang 2006  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (2)

Open label

Single centre

Country: China

Duration: 24 months

Participants 38 participants (20 SCT vs 18 control)

Period (recruitment): March 2004 to October 2006

Inclusion criteria: diagnosis of DCM by clinical manifestations, echocardiography, and coronary an-
giography, that excluded coronary atherosclerosis; LVEF < 50%

Exclusion criteria: people with secondary DCM.

Baseline characteristics

• Sex (male): 76.5%

• Age (years), range: 42–72

• LEVF (%), mean: control not reported vs SCT 30.0 (SD 9)

Interventions Intervention group: STC

Details of SCT

• Cell origin: peripheral blood cells

• Cell collection location: peripheral blood puncture

• Type of cells infused: mononuclear, autologous

• Mean volume/number administered: 2 mL, 8–10 times

• Cell mobilization: recombinant human G-CSF 300 pg/day for 5 days

• Delivery route: IC

• Number of cell infusions: single

Control group:

• Usual care (conventional drug treatment without peripheral blood stem cell transplantation)

Study included in Comparison 1 (STC vs control)

Outcomes Outcomes included in the review

• All-cause mortality (primary endpoint)

Wu 2010 
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• Safety

• 6MWT

• LVEF (%)

Other outcomes reported

• Cardiac event rate (atrial premature beat; ventricular premature beat; atrial tachycardia; brachial ven-
tricular tachycardia)

• LVDD (mm)

Study did not specify which was the primary outcome.

Notes Not registered at ClinicalTrials.gov

Study published in Chinese language.

Funding: not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Patients were randomly assigned at the intervention and control
group." 

No further details are provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label trial.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Open-label trial.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Apparently, there were no losses or withdrawals. No flow chart provided.

Selective reporting (re-
porting bias)

Unclear risk No protocol reported.

Wu 2010  (Continued)

 
 

Study characteristics

Methods Study design: RCT

Parallel groups (3; arm 1: IC administration of BMMC, arm 2: IC administration of BMSC, and arm 3:
equal volume normal saline)

Open label

Single centre

Xiao 2017 
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Country: China

Duration: 12 months

Participants 55 participants (BMMC arm 16, BMSC arm 17, control arm 20)

Period (recruitment): March 2010 through June 2011

Inclusion criteria: people with DCM and reduced LVEF < 40%, aged 18–75 years, NYHA functional class
II–IV, proportion of fixed defects < 40%, normal coronary arteries, and signed informed consent

Exclusion criteria: coronary artery disease based on coronary angiography prior to cell delivery, ven-
tricular arrhythmias, and any comorbidities with an impact on survival.

Baseline characteristics

• Sex (male): BMMC 56.3% vs BMSC 70.6% vs control 70.0%

• Age (years), mean: BMMC 49.5 (SD 11.6) vs BMSC 51.6 (SD 12.2) vs control 54.4 (SD 11.6)

• LVEF (%), mean: BMMC 33.1 (SD 3.9) vs BMSC 34.1 (SD 3.6) vs control 33.7 (SD 4.0)

• LVEDD (mm), mean: BMMC 64.9 (SD 5.7) vs BMSC 65.2 (SD 5.5) vs control 64.7 (SD 3.9)

Interventions Intervention group 1: BMMC

• Cell origin: bone marrow

• Cell collection location: bilateral posterior superior iliac spines (80–100 mL)

• Type of cells infused: mononuclear, autologous

• Mean volume/number administered: 5.1 (SD 2.0) × 108 cells

• Cell mobilization: no

• Delivery route: IC

• Number of cell infusions: apparently single

Intervention group 2: BMSC

• Cell origin: bone marrow

• Cell collection location: bilateral posterior superior iliac spines (80–100 mL)

• Type of cells infused: mesenchymal, autologous

• Mean volume/number administered: 4.9 (SD 1.7) × 108 cells

• Cell mobilization: no

• Delivery route: IC

• Number of infusions: single

Control group: placebo

• Equal volume normal saline (sham SCT)

Study included in Comparison 1 (STC vs control) and Comparison 3 (STC vs SCT)

Outcomes Outcomes included in review

• Procedural complications (defined as any new-onset ventricular arrhythmia, conduction disturbance,
distal embolization, thrombus formation, and injury of the coronary artery related to the cell injection
procedure)

• Change in NYHA class

• Change in LVEF

• MACE (consisting in any of the following: procedural complications, any new onset arrhythmia,
haemodynamic instability, and death by any cause)

Other outcomes reported

Xiao 2017  (Continued)
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• Change in LVEDD

Notes Not registered at ClinicalTrials.gov.

Funding: not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No details provided.

Allocation concealment
(selection bias)

Unclear risk No details provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Control group consisted of sham SCT.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Echocardiography examinations were performed at baseline and the
3-month and 12-month follow-ups by an independent echocardiographer who
was blinded to the participant grouping. Similarly, NYHA data were accessed
by a blinded observer according to the standard clinical protocol."

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "One patient in the BMMC group and 1 in the BMSC group were lost to
follow-up, and 3 cases were lost to follow-up in the control group."

According to Table II, at 3 months, 15 (1 lost to follow-up) in BMMC arm, 16
(1 lost to follow-up) in BMSC arm, and 18 (2 lost to follow-up) in placebo arm
were analysed, and at 12 months there were 14 (2 lost to follow-up) in BMMC
arm, 16 (1 lost to follow-up) in BMSC arm, and 15 (5 lost to follow-up) in place-
bo arm. The paper also stated that data from participants who were lost dur-
ing follow-up were excluded from the analysis.

Selective reporting (re-
porting bias)

Unclear risk Protocol not reported.

Xiao 2017  (Continued)

6MWT: 6-minute walk test; BMA: bone marrow aspiration; BMC: bone marrow cell; BMMC: bone marrow mononuclear cell; BNP: brain
natriuretic peptide; CK: creatine kinase; DCM: dilated cardiomyopathy; EF: ejection fraction; EQ5D: European Quality of Life-5 Dimensions;
FDG-PET: fluorodeoxyglucose-positron emission tomography; G-CSF: granulocyte-colony stimulating factor; h: hour; HF: heart failure;
hMSC: human mesenchymal stem cell; HRQoL: health-related quality of life; IC: intracoronary; KCCQ: Kansas City Cardiomyopathy
Questionnaire; LV: leH ventricle; LVEDD: leH ventricular end-diastolic diameter; LVEDV: leH ventricular end-diastolic volume; LVESV:
leH ventricular end-systolic volume; LVEF: leH ventricular ejection fraction; MACE: major adverse cardiovascular event; min: minute;
MLHFQ: Minnesota Living with Heart Failure Questionnaire; mph: miles per hour; NIDCM: non-ischaemic dilated cardiomyopathy; NT-
proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York Heart Association; RCT: randomized controlled trial; SC: subcutaneous;
SD: standard deviation; VE/VCO2: ventilation/volume of exhaled carbon dioxide; VO2peak: peak oxygen uptake; WHO: World Health

Organization.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bartolucci (INNOVA) 2015 Design: non-randomized prospective controlled trial (participants assigned in order of entry into
experimental or control group).
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Study Reason for exclusion

Population: included a mixed population (13/23 idiopathic DCM in experimental arm and 10/23 is-
chaemic DCM in control arm). No specific data for participants with non-ischaemic DCM provided.

Bartolucci (RIMECARD) 2017 Population: included a mixed population (quote: "ischaemic cardiomyopathy was the predominant
pathogenesis of HFrEF [heart failure with reduced ejection fraction] (21 patients, 70%"). No specific
data for participants with non-ischaemic DCM provided.

Bocchi 2010 Design: although the study randomized participants to 2 different groups of SCT (immediate or de-
ferred administration of G-SCF), the results presented in the paper compared SCT vs a non-ran-
domized external control group.

Butler 2017 Design: placebo-controlled cross-over randomized trial.

Chen 2008 Design: not an RCT (non-randomized controlled trial).

Fischer-Rasokat 2009 Design: not an RCT (prospective single cohort study).

Corresponded to the pilot study (TOPCARE-DCM).

Huang 2006 Design: not an RCT (non-randomized controlled trial).

Kakuchaya 2011 Abstract only (no full paper was even though abstract published in 2011).

Miyagawa 2017 Wong population.

NCT02256501 Population: children.

Perin (REVASCOR) 2015 Population: included a mixed population (participants had either non-ischaemic or ischaemic car-
diomyopathy; more participants with ischaemic cardiomyopathy (77%). No specific data for partic-
ipants for non-ischaemic DCM provided.

Premer 2015 Wrong population.

Tompkins 2018 Wrong design.

Xiao 2012a Population: people with ischaemic DCM.

Xiao 2012b Population: people with ischaemic DCM.

Yau 2019 People undergoing a leH ventricular assist device implant

Zemljic 2017 Mixed population; wrong outcomes.

DCM: dilated cardiomyopathy; G-SCF: granulocyte-colony stimulating factor; RCT: randomized controlled trial.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Mesenchymal stem cells for idiopathic dilated cardiomyopathy (MYOCYTE)

Methods RCT

Participants Adults with dilated idiopathic cardiomyopathy

NCT01957826 
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Interventions SCT group: transendocardial injection of 30–40 million bone marrow-derived MSCs with the NOGA
XPTM platform. 15 injections in the anterior wall of the leH ventricle.

Control: placebo (transendocardial injection of placebo solution)

Outcomes • MACE

• SAEs and AEs

• NYHA functional class

• Incidence of complications

• Laboratory parameters including C-reactive protein and BNP

• Maximum oxygen consumption (VO2) functional capacity

• Quality of life questionnaires (36-item Short Form Survey and Minnesota Living with Heart Failure
Questionnaire)

• Extension of perfusion defects (MRI/SPECT)

• LVEF

Starting date Completed but not yet published

Contact information Contact: Dr Ricardo Sanz

Notes Completed in 2018 and not yet published. It is expected to publish final results during 2020 (email
contact with principal investigator: Dr Sanz).

NCT01957826  (Continued)

 
 

Study name Infusion intracoronary of mononuclear autologous adult no expanded stem cells of bone marrow
on functional recovery in participants with idiopathic dilated cardiomyopathy and heart failure

Methods Placebo-controlled, double-blind phase IIb RCT

Follow-up: 24 months

Participants Adults aged 18–70 years with established non-ischaemic idiopathic DCM (minimum evolution since
diagnosis of 6 months)

Expected size: 51 participants

Interventions SCT group: infusion of autologous mononuclear bone marrow cells plus conventional medical
treatment (as indicated by clinician)

Control: placebo infusion plus conventional medical treatment (as indicated by clinician)

Outcomes Changes in ventricular function measured angiographically

Degree of clinical improvement based on the absence of MACE during follow-up

Clinical and analytical progress (NYHA grade and BNP)

Time of evolution since diagnosis of idiopathic DCM prior to study entry

Functional recovery measured with ergometry

Echocardiography and electrocardiography variables

Starting date  

NCT02033278 
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Contact information  

Notes Sponsor: Andalusian Initiative for Advanced Therapies - Fundación Pública Andaluza Progreso y
Salud

ONGOING (recruiting March 2018). Expected date of finalization: 2022

NCT02033278  (Continued)

 
 

Study name Dilated cardiomYopathy iNtervention With Allogeneic MyocardIally-regenerative Cells (DYNAMIC)

Methods Phase Ia: open-label, single-arm, dose escalation of allogeneic cardiosphere-derived cells  (14 par-
ticipants)

Phase Ib: double-blind, randomized, placebo-controlled study design (28 participants)

Participants Major inclusion criteria: DCM with LVEF ≤ 35% as determined by a historical TTE within the previous
6 months; NYHA class III or ambulatory class IV heart failure; use of evidence based medical-thera-
py (beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, aldos-
terone antagonist) and with or without device-therapy (implantable cardioverter-defibrillator or
cardiac resynchronizing therapy), in accordance with the American College of Cardiology/American
Heart Association guidelines for the management of heart failure, for ≥ 3 months prior to enrolment
or documented contraindication or intolerance or participant preference

Note: unclear if the study includes people with ischaemic cardiomyopathy, or a mixed population.

Interventions SCT group: allogeneic cardiosphere-derived cells

Intracoronary delivery of CAP-1002

Control: placebo

Outcomes  

Starting date  

Contact information  

Notes Sponsor: Capricor Inc.

Ongoing (not recruiting). Expected date of finalization: 2020.

NCT02293603 

 
 

Study name Stem cell therapy in non-ischaemic non-treatable dilated cardiomyopathies II: a pilot study

Methods Open (2:1) RCT

Follow-up: 6 months

Participants Adults aged 30–80 years with non-ischaemic DCM

Interventions SCT group: allogeneic adipose-derived stromal cells (CSCC_ASC)

Control: no treatment

NCT03797092 
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Outcomes LeH ventricle end-systolic volume (echocardiography)

Allogeneic antibodies

Changes in LVEF

Change in echocardiogram-measured global myocardial mass

NYHA

Kansas City Cardiomyopathy Questionnaire

EQ-5D3L Questionnaire

6-minute walking test

Starting date  

Contact information Principal investigator: Jens Kastrup, MD, DMSc

Notes Study completion date: 1 September 2021

NCT03797092  (Continued)

AE: adverse event; BNP: brain natriuretic peptide; DCM: dilated cardiomyopathy; EQ-5D3L: EQ-5D three level version; LVEF: leH ventricular
ejection fraction; MACE: major adverse cardiovascular event; MRI: magnetic resonance imaging; MSC: mesenchymal stem cell; NYHA:
New York Heart Association; RCT: randomized controlled trial; SAE: serious adverse event; SCT: stem cell therapy; SPECT: single-photon
emission computed tomography; VO2: oxygen uptake.

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Stem cell therapy (SCT; any type) versus control (no intervention or sham intervention)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 All-cause mortality 7 361 Risk Ratio (IV, Random, 95%
CI)

0.84 [0.54, 1.31]

1.2 Health-related quality of life 5 272 Std. Mean Difference (IV, Ran-
dom, 95% CI)

0.62 [0.01, 1.23]

1.3 Performance status – 6-minute
walk test (m)

5 230 Mean Difference (IV, Random,
95% CI)

70.12 [-5.28,
145.51]

1.4 Change in leH ventricular ejec-
tion fraction

8 353 Mean Difference (IV, Random,
95% CI)

5.41 [-2.29, 13.10]

1.5 Change in leH ventricular end-
systolic volume

4 251 Mean Difference (IV, Random,
95% CI)

-30.97 [-54.18,
-7.75]

1.6 Change in leH ventricular end-di-
astolic volume

4 251 Mean Difference (IV, Random,
95% CI)

-23.40 [-49.74,
2.94]
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Analysis 1.1.   Comparison 1: Stem cell therapy (SCT; any type) versus control
(no intervention or sham intervention), Outcome 1: All-cause mortality

Study or Subgroup

Hamshere 2015
Martino 2015 (MiHEART)
Sant'Anna 2014 (INTRACELL)
Seth 2010 (ABCD)
Wang 2006
Wu 2010
Xiao 2017 (1)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 4.35, df = 6 (P = 0.63); I² = 0%
Test for overall effect: Z = 0.77 (P = 0.44)
Test for subgroup differences: Not applicable

SCT
Events

2
13
4

10
1
1
1

32

Total

14
61
19
41
12
20
31

198

Control
Events

0
11
1

14
2
2
2

32

Total

15
54
9

40
12
18
15

163

Weight

2.3%
39.1%
4.8%

42.5%
3.9%
3.7%
3.7%

100.0%

Risk Ratio
IV, Random, 95% CI

5.33 [0.28 , 102.26]
1.05 [0.51 , 2.14]

1.89 [0.25 , 14.61]
0.70 [0.35 , 1.38]
0.50 [0.05 , 4.81]
0.45 [0.04 , 4.55]
0.24 [0.02 , 2.46]

0.84 [0.54 , 1.31]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours SCT Favours control

Footnotes
(1) We merged the 2 SCT arms of this study.

 
 

Analysis 1.2.   Comparison 1: Stem cell therapy (SCT; any type) versus control
(no intervention or sham intervention), Outcome 2: Health-related quality of life

Study or Subgroup

Hamshere 2015
Henry 2014
Martino 2015 (MiHEART)
Sant'Anna 2014 (INTRACELL)
Seth 2010 (ABCD)

Total (95% CI)
Heterogeneity: Tau² = 0.37; Chi² = 19.87, df = 4 (P = 0.0005); I² = 80%
Test for overall effect: Z = 1.99 (P = 0.05)
Test for subgroup differences: Not applicable

SCT
Mean

14
17.5799

-5.3
31.92
75.22

SD

9.1856
23.878

58.5682
23.878

18.31

Total

11
18
61
15
41

146

Control
Mean

-2.969
8.7359

7.6
7.17

61.17

SD

13.0223
17.0007
63.0158
17.0007

19

Total

12
11
54

9
40

126

Weight

16.4%
18.9%
24.3%
17.0%
23.3%

100.0%

Std. Mean Difference
IV, Random, 95% CI

1.44 [0.50 , 2.38]
0.40 [-0.36 , 1.16]

-0.21 [-0.58 , 0.16]
1.10 [0.21 , 2.00]
0.75 [0.29 , 1.20]

0.62 [0.01 , 1.23]

Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favours control Favours SCT

 
 

Analysis 1.3.   Comparison 1: Stem cell therapy (SCT; any type) versus control (no
intervention or sham intervention), Outcome 3: Performance status – 6-minute walk test (m)

Study or Subgroup

Henry 2014
Martino 2015 (MiHEART)
Sant'Anna 2014 (INTRACELL)
Wang 2006
Wu 2010

Total (95% CI)
Heterogeneity: Tau² = 5843.66; Chi² = 30.38, df = 4 (P < 0.00001); I² = 87%
Test for overall effect: Z = 1.82 (P = 0.07)
Test for subgroup differences: Not applicable

SCT
Mean

38.9744
-47.5
370.4

519
532.5

SD

116.152
277.2226

91.6
43.3
60.6

Total

18
61
15
12
20

126

Control
Mean

74.7231
-18
330

396.3
346.8

SD

170.4566
253.895

123.4
42.2
58.6

Total

11
54

9
12
18

104

Weight

16.0%
17.8%
18.3%
24.1%
23.8%

100.0%

Mean Difference
IV, Random, 95% CI

-35.75 [-149.88 , 78.38]
-29.50 [-126.59 , 67.59]
40.40 [-52.60 , 133.40]
122.70 [88.49 , 156.91]

185.70 [147.78 , 223.62]

70.12 [-5.28 , 145.51]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours control Favours SCT
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Analysis 1.4.   Comparison 1: Stem cell therapy (SCT; any type) versus control (no
intervention or sham intervention), Outcome 4: Change in leT ventricular ejection fraction

Study or Subgroup

Hamshere 2015
Henry 2014
Martino 2015 (MiHEART)
Sant'Anna 2014 (INTRACELL)
Seth 2010 (ABCD)
Wang 2006
Wu 2010
Xiao 2017 (1)

Total (95% CI)
Heterogeneity: Tau² = 111.95; Chi² = 107.78, df = 7 (P < 0.00001); I² = 94%
Test for overall effect: Z = 1.38 (P = 0.17)
Test for subgroup differences: Not applicable

SCT
Mean

7.038
-0.2284

-5.4
30.07

28.4
29

61.46
36.7

SD

7.764
11.2758

11.77
7.25
11.8

15
6.16

6.7

Total

13
18
61
15
41
12
20
14

194

Control
Mean

-1.923
-1.6244

-2.9
30.23

21.2
30

36.45
34.3

SD

8.2046
17.0006

12.08
7.39

9.2
8

6.27
5.3

Total

13
11
41

9
40
12
18
15

159

Weight

12.7%
10.6%
13.1%
12.7%
13.1%
11.3%
13.3%
13.2%

100.0%

Mean Difference
IV, Random, 95% CI

8.96 [2.82 , 15.10]
1.40 [-9.92 , 12.71]
-2.50 [-7.23 , 2.23]
-0.16 [-6.22 , 5.90]
7.20 [2.60 , 11.80]

-1.00 [-10.62 , 8.62]
25.01 [21.05 , 28.97]

2.40 [-2.02 , 6.82]

5.41 [-2.29 , 13.10]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours control Favours SCT

Footnotes
(1) We used the STC arm corresponding to bone marrow. mononuclear cells. Had we use the bone marrow mesenchymal stem cells group, the pooled estimate would be MD 5.66 (-1.73, 13.05)

 
 

Analysis 1.5.   Comparison 1: Stem cell therapy (SCT; any type) versus control (no intervention
or sham intervention), Outcome 5: Change in leT ventricular end-systolic volume

Study or Subgroup

Hamshere 2015
Henry 2014
Martino 2015 (MiHEART)
Seth 2010 (ABCD)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.49, df = 3 (P = 0.92); I² = 0%
Test for overall effect: Z = 2.61 (P = 0.009)
Test for subgroup differences: Not applicable

SCT
Mean

138.2
10.1351

-79
120

SD

78.6207
63.0664

177.2663
52

Total

13
18
61
41

133

Control
Mean

188.3
38.5135

-54
147.8

SD

74.3016
119.8915
174.3925

79.9

Total

13
11
54
40

118

Weight

15.6%
9.2%

13.0%
62.2%

100.0%

Mean Difference
IV, Random, 95% CI

-50.10 [-108.90 , 8.70]
-28.38 [-104.98 , 48.23]
-25.00 [-89.36 , 39.36]
-27.80 [-57.24 , 1.64]

-30.97 [-54.18 , -7.75]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours SCT Favours control

 
 

Analysis 1.6.   Comparison 1: Stem cell therapy (SCT; any type) versus control (no intervention
or sham intervention), Outcome 6: Change in leT ventricular end-diastolic volume

Study or Subgroup

Hamshere 2015
Henry 2014
Martino 2015 (MiHEART)
Seth 2010 (ABCD)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.56, df = 3 (P = 0.67); I² = 0%
Test for overall effect: Z = 1.74 (P = 0.08)
Test for subgroup differences: Not applicable

SCT
Mean

220.9
10.0877

83.9
166.5

SD

95.4006
72.5179
249.89

65.5

Total

13
18
61
41

133

Control
Mean

256
48.244

58.9
187.7

SD

81.5828
69.8236
237.408

98.8

Total

13
11
54
40

118

Weight

14.9%
24.6%
8.7%

51.8%

100.0%

Mean Difference
IV, Random, 95% CI

-35.10 [-103.34 , 33.14]
-38.16 [-91.31 , 14.99]
25.00 [-64.12 , 114.12]
-21.20 [-57.80 , 15.40]

-23.40 [-49.74 , 2.94]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours control Favours SCT
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Comparison 2.   Stem cell therapy (SCT; any type) versus peripheral therapy with granulocyte colony-stimulating
factor (G-CSF)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 All-cause mortality 3 195 Risk Ratio (IV, Random, 95%
CI)

0.46 [0.16, 1.31]

2.2 Health-related quality of life 1 22 Mean Difference (IV, Random,
95% CI)

4.61 [-5.62, 14.83]

2.3 Performance status – 6-minute
walk test (m)

2 155 Mean Difference (IV, Random,
95% CI)

140.14 [119.51,
160.77]

2.4 Change in leH ventricular ejec-
tion volume

3 182 Mean Difference (IV, Random,
95% CI)

6.61 [5.61, 7.62]

2.5 Change in leH ventricular end-
systolic volume

1 27 Mean Difference (IV, Random,
95% CI)

-71.30 [-150.96,
8.36]

2.6 Change in leH ventricular end-di-
astolic volume

1 27 Mean Difference (IV, Random,
95% CI)

-81.10 [-175.54,
13.34]

2.7 Change in plasma natriuretic
peptide levels (BNP and NT-proBNP)

3 181 Mean Difference (IV, Random,
95% CI)

-1632.09 [-2180.18,
-1083.99]

 
 

Analysis 2.1.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy
with granulocyte colony-stimulating factor (G-CSF), Outcome 1: All-cause mortality

Study or Subgroup

Hamshere 2015
Vrtovec 2011
Vrtovec 2013a (NOGA-DCM)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.35; Chi² = 3.25, df = 2 (P = 0.20); I² = 39%
Test for overall effect: Z = 1.45 (P = 0.15)
Test for subgroup differences: Not applicable

SCT
Events

2
2
8

12

Total

15
28
55

98

G-CSF
Events

0
8

19

27

Total

15
27
55

97

Weight

10.8%
31.4%
57.8%

100.0%

Risk Ratio
IV, Random, 95% CI

5.00 [0.26 , 96.13]
0.24 [0.06 , 1.03]
0.42 [0.20 , 0.88]

0.46 [0.16 , 1.31]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours SCT Favours G-CSF

 
 

Analysis 2.2.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy
with granulocyte colony-stimulating factor (G-CSF), Outcome 2: Health-related quality of life

Study or Subgroup

Hamshere 2015

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.88 (P = 0.38)
Test for subgroup differences: Not applicable

SCT
Mean

14

SD

9.1856

Total

11

11

G-CSF
Mean

9.393

SD

14.6576

Total

11

11

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

4.61 [-5.62 , 14.83]

4.61 [-5.62 , 14.83]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours G-CSF Favours SCT
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Analysis 2.3.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy with
granulocyte colony-stimulating factor (G-CSF), Outcome 3: Performance status – 6-minute walk test (m)

Study or Subgroup

Vrtovec 2011
Vrtovec 2013a (NOGA-DCM)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.39, df = 1 (P = 0.53); I² = 0%
Test for overall effect: Z = 13.31 (P < 0.00001)
Test for subgroup differences: Not applicable

SCT
Mean

126.38
478.3

SD

48.649
89.5

Total

26
55

81

G-CSF
Mean

-7.9755
330.6

SD

44.59
77.7

Total

19
55

74

Weight

56.6%
43.4%

100.0%

Mean Difference
IV, Random, 95% CI

134.36 [106.94 , 161.77]
147.70 [116.38 , 179.02]

140.14 [119.51 , 160.77]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours G-CFS Favours SCT

Risk of Bias
A

?
?

B

?
?

C

-
-

D

+
+

E

?
?

F

-
-

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

 
 

Analysis 2.4.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy with
granulocyte colony-stimulating factor (G-CSF), Outcome 4: Change in leT ventricular ejection volume

Study or Subgroup

Hamshere 2015
Vrtovec 2011
Vrtovec 2013a (NOGA-DCM)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.23, df = 2 (P = 0.54); I² = 0%
Test for overall effect: Z = 12.90 (P < 0.00001)
Test for subgroup differences: Not applicable

SCT
Mean

7.038
4.449
29.83

SD

7.7644
2.123

5.17

Total

13
26
55

94

G-CSF
Mean

-3.143
-2.087
23.33

SD

9.1222
2.23
3.49

Total

14
19
55

88

Weight

2.5%
60.4%
37.1%

100.0%

Mean Difference
IV, Random, 95% CI

10.18 [3.81 , 16.56]
6.54 [5.24 , 7.83]
6.50 [4.85 , 8.15]

6.61 [5.61 , 7.62]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours G-CSF Favours SCT

 
 

Analysis 2.5.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy with
granulocyte colony-stimulating factor (G-CSF), Outcome 5: Change in leT ventricular end-systolic volume

Study or Subgroup

Hamshere 2015

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.75 (P = 0.08)
Test for subgroup differences: Not applicable

SCT
Mean

138.2

SD

78.6207

Total

13

13

Control
Mean

209.5

SD

128.3377

Total

14

14

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-71.30 [-150.96 , 8.36]

-71.30 [-150.96 , 8.36]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours SCT Favours G-CSF
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Analysis 2.6.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy with granulocyte
colony-stimulating factor (G-CSF), Outcome 6: Change in leT ventricular end-diastolic volume

Study or Subgroup

Hamshere 2015

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.68 (P = 0.09)
Test for subgroup differences: Not applicable

SCT
Mean

220.9

SD

95.4006

Total

13

13

G-CSF
Mean

302

SD

150.6799

Total

14

14

Weight

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-81.10 [-175.54 , 13.34]

-81.10 [-175.54 , 13.34]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours G-CSF Favours SCT

 
 

Analysis 2.7.   Comparison 2: Stem cell therapy (SCT; any type) versus peripheral therapy with granulocyte
colony-stimulating factor (G-CSF), Outcome 7: Change in plasma natriuretic peptide levels (BNP and NT-proBNP)

Study or Subgroup

Hamshere 2015
Vrtovec 2011
Vrtovec 2013a (NOGA-DCM)

Total (95% CI)
Heterogeneity: Tau² = 195277.79; Chi² = 21.87, df = 2 (P < 0.0001); I² = 91%
Test for overall effect: Z = 5.84 (P < 0.00001)
Test for subgroup differences: Not applicable

SCT
Mean

-136
-1015.95
1000.78

SD

603.743
127.853

310.08

Total

12
26
55

93

G-CSF
Mean

308.1
808.511
3217.05

SD

1170.8004
111.87

1046.52

Total

14
19
55

88

Weight

24.2%
39.8%
36.0%

100.0%

Mean Difference
IV, Random, 95% CI

-444.10 [-1146.11 , 257.91]
-1824.46 [-1894.78 , -1754.14]
-2216.27 [-2504.73 , -1927.81]

-1632.09 [-2180.18 , -1083.99]

Mean Difference
IV, Random, 95% CI

-1000 -500 0 500 1000
Favours SCT Favours G-CSF

 

 

A D D I T I O N A L   T A B L E S
 

SCT No SCTStudy (arm) Follow-up

n % n %

Hamshere 2015 12 m 2/13 15.4% 0/13 0%

Hare 2017 (POSEIDON-DCM)  (autologous) 12 m 2/16 12.5% — —

Hare 2017 (POSEIDON-DCM)  (allogeneic) 12 m 0/18 0% — —

Henry 2014 a 12 m 0/18 0% 0/11 0%

Martino 2015 (MiHEART) 12 m 13/61 21.3% 11/54 20.4%

Sant'Anna 2014 (INTRACELL) b 12 m 7/19 36.8% 1/9 11.1%

Seth 2010 (ABCD) > 12 m (3 yr) 10/41 24.4% 14/40 35.0%

Vrtovec 2011 12 m 2/28 7.1% 8/27 29.6%

Vrtovec 2013a (NOGA-DCM) > 12 m (5 yr) 8/55 14.5% 19/55 34.5%

Vrtovec 2013b (IC) 6 m 0/20 0% — —

Vrtovec 2013b (TE) 6 m 0/20 0% — —

Table 1.   Summary of mortality rates 
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Vrtovec 2018 (REMEDIUM) (repetitive) 12 m 0/30 0% — —

Vrtovec 2018 (REMEDIUM)  (single) 12 m 1/30 3.3% — —

Wang 2006 6 m 1/12 8.3% 2/12 16.7%

Wu 2010 > 12  m (18 m) 1/20 5.0% 2/18 11.1%

Xiao 2017 12 m 1/31 3.2% 2/17 11.8%

Up to 12 m 29/316 9.2% 24/143 16.8%

> 12 m 19/116 16.4% 35/113 31.0%

 

TOTAL 48/432 11.1% 59/256 23.0%

Table 1.   Summary of mortality rates  (Continued)

IC: intracoronary; m: month; SCT: stem cell therapy; TE: transendocardial; yr: year.
a Henry 2014  studied mixed population. Data shown here correspond specifically to participants with non-ischaemic dilated
cardiomyopathy.
b Sant'Anna 2014 (INTRACELL) assessed mortality at 6 months, but provides information on additional deaths observed up to 12 months
only in the SCT group.
 
 

Domain Description

Random sequence genera-
tion

• Low risk: if sequence generation was achieved using computer random number generator or a
random numbers table. Drawing lots, tossing a coin, shuffling cards, and throwing dice were also
considered adequate if performed by an independent adjudicator.

• Unclear risk: if the method of randomization was not specified, but the trial was still presented
as being randomized.

• High risk: if the allocation sequence was not randomized or only quasi-randomized; we excluded
these trials.

Allocation concealment • Low risk: if the allocation of participants was performed by a central independent unit, on-site
locked computer, identical-looking numbered sealed envelopes, syringes prepared by an inde-
pendent investigator.

• Unclear risk: if the trial was classified as randomized but the allocation concealment process was
not described.

• High risk: if the allocation sequence was familiar to the investigators who assigned participants.

Blinding of participants and
personnel

• Low risk: if the participants and the personnel were blinded to intervention allocation and this
was described

• Unclear risk: if the procedure of blinding was insufficiently described or not described at all.

• High risk: if blinding of participants and personnel was not performed.

Blinding of outcome assess-
ment

• Low risk: if it was mentioned that outcome assessors were blinded and this was described.

• Unclear risk: if it was not mentioned if the outcome assessors in the trial were blinded, or the
extent of blinding was insufficiently described.

• High risk: if no blinding or incomplete blinding of outcome assessors was performed.

Incomplete outcome data • Low risk: if missing data were unlikely to make treatment effects depart from plausible values.
This could either be: there were no dropouts or withdrawals for all outcomes, or the numbers
and reasons for the withdrawals and dropouts for all outcomes were clearly stated and could be

Table 2.   The Cochrane tool for assessing risk of bias 
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described as being similar in both groups. Generally, the trial was judged at low risk of bias due to
incomplete outcome data if dropouts were less than 5%. However, the 5% cut-oO is not definitive.

• Unclear risk: if there was insufficient information to assess whether missing data were likely to
have induced bias on the results.

• High risk: if the results were likely to be biased due to missing data either because the pattern
of dropouts could be described as being different in the 2 intervention groups or the trial used
improper methods in dealing with the missing data (e.g. last observation carried forward).

Selective outcome reporting • Low risk: if a protocol was published before or at the time the trial was begun and the outcomes
specified in the protocol were reported on. If there was no protocol or the protocol was published
after the trial had begun, reporting of all-cause mortality and periprocedural complications (the
2 primary outcomes) will grant the trial a grade of low risk.

• Unclear risk: if no protocol was published and the 2 primary outcomes were not reported on.

• High risk: if the outcomes in the protocol were not reported on.

Other risks of bias • Low risk: if the trial appeared free of other components (e.g. academic bias or for-profit bias) that
could have put it at risk of bias.

• Unclear risk: if the trial may or may not have been free of other components that could have put
it at risk of bias.

• High risk: if there were other factors in the trial that could have put it at risk of bias (e.g. authors
had conducted trials on the same topic, for-profit bias, etc.).

Table 2.   The Cochrane tool for assessing risk of bias  (Continued)

Table adapted from Table 8.5.d: Criteria for judging risk of bias in the risk of bias assessment tool, in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2017).
 
 

Study Details on the specific comparison

Hare 2017 (POSEIDON-DCM) Autologous vs allogeneic mesenchymal stem cells

Vrtovec 2013b Intracoronary vs transendocardial delivery of stem cells

Vrtovec 2018 (REMEDIUM) Repetitive vs single dose of stem cells

Xiao 2017 Mononuclear vs mesenchymal bone marrow stem cells

Table 3.   Summary of comparison 3 

 

 

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL
#1 MeSH descriptor: [Cell- and Tissue-Based Therapy] explode all trees
#2 MeSH descriptor: [Stem Cells] explode all trees
#3 MeSH descriptor: [Bone Marrow Cells] explode all trees
#4 hematopoietic
#5 haematopoietic
#6 hemopoietic
#7 haemopoietic
#8 ((stem or progenitor or precursor or mesenchymal or stromal) NEAR/2 (cell or cells or marrow))
#9 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8
#10 MeSH descriptor: [Cardiomyopathy, Dilated] this term only
#11 (dilat* NEAR/2 cardiomyop*)
#12 (congestiv* NEAR/2 cardiomyop*)
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#13 (familial idiopath* NEAR/2 cardiomyop*)
#14 DCM
#15 #10 or #11 or #12 or #13 or #14
#16 #9 and #15

MEDLINE Ovid
1 exp "Cell- and Tissue-Based Therapy"/
2 exp Stem Cells/
3 exp bone marrow cells/
4 hematopoietic.tw.
5 haematopoietic.tw.
6 hemopoietic.tw.
7 haemopoietic.tw.
8 ((stem or progenitor or precursor or mesenchymal or stromal) adj2 (cell or cells or marrow)).tw.
9 or/1-8
10 Cardiomyopathy, Dilated/
11 (dilat* adj2 cardiomyop*).tw.
12 (congestiv* adj2 cardiomyop*).tw.
13 (familial idiopath* adj2 cardiomyop*).tw.
14 DCM.tw.
15 or/10-14
16 9 and 15
17 randomized controlled trial.pt.
18 controlled clinical trial.pt.
19 randomized.ab.
20 placebo.ab.
21 drug therapy.fs.
22 randomly.ab.
23 trial.ab.
24 groups.ab.
25 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24
26 exp animals/ not humans.sh.
27 25 not 26
28 16 and 27

Embase Ovid
1 exp biological therapy/
2 exp stem cell/
3 exp bone marrow cell/
4 hematopoietic.tw.
5 haematopoietic.tw.
6 hemopoietic.tw.
7 haemopoietic.tw.
8 ((stem or progenitor or precursor or mesenchymal or stromal) adj2 (cell or cells or marrow)).tw.
9 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8
10 congestive cardiomyopathy/
11 (dilat* adj2 cardiomyop*).tw.
12 (congestiv* adj2 cardiomyop*).tw.
13 (familial idiopath* adj2 cardiomyop*).tw.
14 DCM.tw.
15 10 or 11 or 12 or 13 or 14
16 9 and 15
17 random$.tw.
18 factorial$.tw.
19 crossover$.tw.
20 cross over$.tw.
21 cross-over$.tw.
22 placebo$.tw.
23 (doubl$ adj blind$).tw.
24 (singl$ adj blind$).tw.
25 assign$.tw.
26 allocat$.tw.
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27 volunteer$.tw.
28 crossover procedure/
29 double blind procedure/
30 randomized controlled trial/
31 single blind procedure/
32 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31
33 (animal/ or nonhuman/) not human/
34 32 not 33
35 16 and 34
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes from the protocol (Diaz-Navarro 2019).

Search

We did not handsearch the conference abstracts from relevant heart or stem cell (or both) conferences (American Heart Association,
European Society of Cardiology, and the International Society of Stem Cell Research, from 2000 onwards). Given the specific nature of cell
therapy and the fact that it is a relatively recent intervention over time, we believe that our search in bibliographic databases and clinical
trial registries allowed us to identify all relevant studies on this topic.

Study selection

Although we planned not to exclude studies based on publication status, we decided to exclude one study (two references) as it was
published in abstract format only, and although it appeared to meet the inclusion criteria, it did not contain suOicient data for inclusion.
It was published in 2011 and there has been no full paper published. We therefore decided to exclude it from the review.

We have renamed the outcome Change in blood natriuretic peptide level by the more inclusive Change in plasma natriuretic peptide
levels (brain natriuretic peptide [BNP] and N-terminal pro b-type natriuretic peptide [NT-proBNP]). The reason for this is the similar
clinical implications of both measures.

Data synthesis

We assessed the intervention eOects using random-eOects meta-analyses due to the high heterogeneity for most outcomes. In those
outcomes where there was no heterogeneity (mortality, leH ventricular end-systolic volume, and leH ventricular end-diastolic volume), we
also used this method because it was more conservative.

Subgroup analyses

We did not perform subgroup analyses to explore the role of potential eOect modifiers related with some clinical characteristics of
participants or specific features related with SCT. The limited number of studies available within each comparison, as well as the very low
number of studies (fewer than three) that were available in some categories precluded us from doing this as we considered these analyses
were not informative.

Dealing with missing data

As this was not a major issue in this review, we did not explore the impact of including studies with high rate of missing data using a
sensitivity analysis, using the soHware SAMURAI (Kim 2014), available in R soHware (R).

Sensitivity analysis

We did not carry out a sensitivity analysis excluding trials with high risk of bias from the analysis.

Summary of findings table

We created summary of findings tables for comparison 1 (stem cell therapy versus control (no intervention or sham)) and 2 (stem cell
therapy versus granulocyte-colony stimulating factor), but not for comparison 3 diOerent types or delivery modalities of stem cell therapies
against each other). This comparison included four randomized controlled trials that specifically compared diOerent aspects related to
stem cell transplantation delivery that could not be combined.
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