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ABSTRACT

Background

A promising approach to the treatment of chronic ischaemic heart disease and congestive heart failure is the use of stem cells. The last
decade has seen a plethora of randomised controlled trials developed worldwide, which have generated conflicting results.

Objectives

The critical evaluation of clinical evidence on the safety and efficacy of autologous adult bone marrow-derived stem/progenitor cells as a
treatment for chronic ischaemic heart disease and congestive heart failure.

Search methods

We searched CENTRAL in the Cochrane Library, MEDLINE, Embase, CINAHL, LILACS, and four ongoing trial databases for relevant trials up
to 14 December 2015.

Selection criteria

Eligible studies were randomised controlled trials comparing autologous adult stem/progenitor cells with no cells in people with chronic
ischaemic heart disease and congestive heart failure. We included co-interventions, such as primary angioplasty, surgery, or administration
of stem cell mobilising agents, when administered to treatment and control arms equally.

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-effects meta-analyses. We evaluated heterogeneity using the 12 statistic and explored
substantial heterogeneity (12 greater than 50%) through subgroup analyses. We assessed the quality of the evidence using the GRADE
approach. We created a 'Summary of findings' table using GRADEprofiler (GRADEpro), excluding studies with a high or unclear risk of
selection bias. We focused our summary of findings on long-term follow-up of mortality, morbidity outcomes, and left ventricular ejection
fraction measured by magnetic resonance imaging.
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Main results

We included 38 randomised controlled trials involving 1907 participants (1114 cell therapy, 793 controls) in this review update. Twenty-
three trials were at high or unclear risk of selection bias. Other sources of potential bias included lack of blinding of participants (12 trials)
and full or partial commercial sponsorship (13 trials).

Cell therapy reduced the incidence of long-term mortality (= 12 months) (risk ratio (RR) 0.42, 95% confidence interval (Cl) 0.21 to 0.87;
participants = 491; studies = 9; I2 = 0%; low-quality evidence). Periprocedural adverse events associated with the mapping or cell/placebo
injection procedure were infrequent. Cell therapy was also associated with a long-term reduction in the incidence of non-fatal myocardial
infarction (RR 0.38, 95% CI 0.15 to 0.97; participants = 345; studies = 5; 12 = 0%); low-quality evidence) and incidence of arrhythmias (RR 0.42,
95% Cl 0.18 to 0.99; participants = 82; studies = 1; low-quality evidence). However, we found no evidence that cell therapy affects the risk of
rehospitalisation for heart failure (RR 0.63, 95% Cl 0.36 to 1.09; participants = 375; studies = 6; I2 = 0%; low-quality evidence) or composite
incidence of mortality, non-fatal myocardial infarction, and/or rehospitalisation for heart failure (RR 0.64, 95% Cl 0.38 to 1.08; participants
= 141; studies = 3; 12 = 0%; low-quality evidence), or long-term left ventricular ejection fraction when measured by magnetic resonance
imaging (mean difference -1.60, 95% CI -8.70 to 5.50; participants = 25; studies = 1; low-quality evidence).

Authors' conclusions

This systematic review and meta-analysis found low-quality evidence that treatment with bone marrow-derived stem/progenitor cells
reduces mortality and improves left ventricular ejection fraction over short- and long-term follow-up and may reduce the incidence of non-
fatal myocardial infarction and improve New York Heart Association (NYHA) Functional Classification in people with chronic ischaemic
heart disease and congestive heart failure. These findings should be interpreted with caution, as event rates were generally low, leading
to a lack of precision.

PLAIN LANGUAGE SUMMARY

Stem cell treatment for chronic ischaemic heart disease and congestive heart failure
Review question

Are adult stem/progenitor cells derived from bone marrow safe and effective as a treatment for chronic ischaemic heart disease and heart
failure?

Background

The current treatment for people suffering from heart disease and heart failure is drugs and, when possible, restoration of the blood supply
inthe heart (revascularisation) either by opening the arteries with a tiny balloon in a procedure called primary angioplasty (or percutaneous
coronary intervention) or by heart surgery (or coronary artery bypass graft). Revascularisation has reduced the death rate associated with
these conditions. In some people, heart disease and heart failure symptoms persist even after revascularisation. Recently, bone marrow
stem/progenitor cells have been investigated as a new treatment for people with heart disease and heart failure, whether or not they also
undergo revascularisation.

Search date
We searched electronic databases for relevant randomised controlled trials to December 2015.
Study characteristics

We included 38 randomised controlled trials involving more than 1900 participants in this review, with 14 trials of chronic ischaemic heart
disease, 17 trials of ischaemic heart failure secondary to heart disease, and seven trials of refractory or intractable angina. The mean age
of participants ranged from 55 to 70 years, and the proportion of male participants ranged from 51% to 100%.

Key results

Results indicated that treatment with bone marrow-derived cells can lead to a reduction in deaths in participants followed for at least
12 months. Adverse events occurring around the time of treatment were generally rare. Participants who received cell treatment also
experienced fewer heart attacks and arrhythmias when compared to those who received no cells. However, cell therapy does not appear
to reduce the risk of rehospitalisation for heart failure or the combined risk of death, non-fatal heart attack, or rehospitalisation, and did
not result in any improvement over standard treatment in tests of heart function. These results suggest that cell therapy may be of benefit
in people with chronic ischaemic heart disease or heart failure, or both.

Quality of the evidence

The quality of the evidence was low, as the number of included studies and participants is not currently high enough to draw robust
conclusions. Thirteen studies received commercial funding, of which four were fully commercially sponsored, and 12 studies did not report
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that participants were blinded to the treatment they received. Further research involving a larger number of participants is required to
confirm our results.
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Bone marrow-derived cell therapy for people with chronic ischaemic heart disease and congestive

heart failure

Bone marrow-derived cell therapy for people with chronic ischaemic heart disease and congestive heart failure

Patient or population: people with chronic ischaemic heart disease and congestive heart failure
Settings: hospitalisation
Intervention: bone marrow-derived cell therapy

Comparison: no cell therapy

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% Cl) pants evidence
(studies)" (GRADE)
Assumed risk Corresponding
risk
No cell therapy Bone mar-
row-derived cell
therapy
Mortality (all cause) 102 per 1000 43 per 1000 RR 0.42 491 ®DOO The required information size of 1899 partic-
(21 to 89) (0.21t0 0.87) (9 studies) low 1.2 ipants to detect a RRR of 35% has not been
Long-term follow-up reached.
(=12 months)
Periprocedural ad- See comment See comment Not estimable 1695 See comment Adverse events occurring during the mapping
verse events or cell/placebo injection procedure included
(34 studies) ventricular tachycardia (7), ventricular fibrilla-
tion (1), atrial fibrillation (1), transient complete
heart block (1), transient pulmonary oedema (3),
thrombus on mapping catheter tip (1), visual dis-
turbances (2), myocardial perforation (2), limited
retrograde catheter-related dissection of the ab-
dominal aorta (1).
Non-fatal myocar- 83 per 1000 31 per 1000 RR0.38 345 SPOO The required information size of 2383 partic-
dial infarction (12 to 80) (0.15t0 0.97) (5 studies) low 2.3 ipants to detect a RRR of 35% has not been

Long-term follow-up
(=12 months)

reached.
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Rehospitalisation 155 per 1000 98 per 1000 RR0.63 375 SPOO The required information size of 1193 partic-
due to heart failure (56 to 169) (0.36 t0 1.09) (6 studies) low 2.4 ipants to detect a RRR of 35% has not been
reached.

Long-term follow-up
(=12 months)

Arrhythmias 333 per 1000 140 per 1000 RR0.42 82 ®B00O The required information size of 461 participants
(60 to 330) (0.18 t0 0.99) (1 study) low 5,6 to detect a RRR of 35% has not been reached.

Long-term follow-up

(=12 months)

Composite MACE 350 per 1000 224 per 1000 RR0.64 141 ®BOO The required information size of 431 participants

(133 to 378) (0.38t0 1.08) (3 studies) low 7,8 to detect a RRR of 35% has not been reached.
Long-term follow-up

(=12 months)

LVEF (%) measured - The mean LVEF - 25 DBOO The required information size of 322 participants
by MRI (%) measured by (1 study) low 6,7 to detect a mean difference of 4% has not been
MRl in the inter- reached.
Long-term follow-up vention groups
(=12 months) was 1.6 lower
(8.7 lower to 5.5
higher).

*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% Cl).

“0nly studies with a low risk of selection bias are included.
Cl: confidence interval; LVEF: left ventricular ejection fraction; MACE: major adverse clinical events; MD: mean difference; MRI: magnetic resonance imaging; NYHA: New
York Heart Assocation; OR: odds ratio; RCT: randomised controlled trial; RR: risk ratio; RRR: relative risk reduction

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Six trials received full or partial commercial funding, which could have resulted in a biased assessment of the intervention effect and were therefore deemed to have a high risk
of bias. One trial was not blinded (high risk of performance bias) and had a high risk of attrition bias.

2The number of observed events was low, leading to imprecision.

3Four studies received full or partial commercial funding with a high risk of bias.

4Five trials received full or partial commercial funding with a high risk of bias.

5The included trial received partial commercial funding with a high risk of bias.

60nly one trial with a low number of observed events was included in the analysis, leading to imprecision.

7All three included trials received partial commercial funding with a high risk of bias.
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8The number of included studies was low with a low number of observed events, leading to imprecision.

Stem cell therapy for chronic ischaemic heart disease and congestive heart failure (Review) 6
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition

Ischaemic heart disease (IHD) is a major health burden worldwide
(BHF 2014). Survival following myocardial infarction (MI) has
increased in recent years due to state-of-the-art revascularisation
techniques such as percutaneous coronary intervention (PCl) and
coronary artery bypass graft (CABG) (Skinner 2011). In contrast,
the number of people with congestive heart failure (CHF) is
rapidly becoming an epidemic (Ambrosy 2014; Lloyd-Jones 2002).
Preventingthe progression of IHD and the development of CHF thus
remains a challenge.

In IHD, there may be non-contractile scar tissue that has replaced
damaged myocardium, which could cause further damage. The
heart also may prevent the death of more cardiomyocytes by
reducing the energy demands of contraction, resulting in non-
contracting or hibernating myocardium. This typical physiological
response to chronic hypoxic stress, which is identifiable by
abnormalities in contractile function, can potentially be reversed
by revascularisation of the hibernating myocardium in order
to restore cardiac function (Taggart 2012). In some cases,
revascularisation is not possible or may not be complete, and
in cases with non-ischaemic cardiomyopathy revascularisation
is not relevant and symptoms of chronic myocardial ischaemia,
sometimes with refractory angina pectoris, are still present
(Taggart 2012).

Alternative and complementary approaches in the treatment of
CHF are being developed in the form of cell-based therapies for
CHF. The rationale behind developing cell therapies as treatment
for IHD is based on the notion that the heart has limited ability to
repair itself following a major injury. Preclinical and clinical studies
have suggested that cell therapies could potentially reverse left
ventricular dysfunction in chronic IHD and CHF (Heldman 2014;
Perin 2012a).

Description of the intervention

The procedure is currently as follows: either the bone marrow is
harvested from the recipient, or bone marrow cells are mobilised
into circulation by a growth factor stimulant (most commonly
granulocyte colony-stimulating factor (G-CSF)) (Assmus 2006;
Erbs 2005). In the former procedure, cells are usually collected
(sometimes under general anaesthesia) from the pelvic bone using
large suction needles. The stem/progenitor cells are thereafter
separated from other bone marrow cells in sterile conditions
(Assmus 2006). The bone marrow harvest and cell separation
procedures may take several hours. In the G-CSF mobilisation
procedure, mononuclear cells or progenitor cells are collected
as a blood sample and then separated from other blood cells
in sterile conditions (Erbs 2005). In both procedures, the cells
are infused directly into the recipient's coronary arteries or
heart (Ang 2008; Hamshere 2015). The first procedure delivers
the cells to the coronary arteries via a special balloon-catheter
during angioplasty (e.g. percutaneous coronary intervention) using
a stop-flow technique (Ang 2008; Hamshere 2015). The latter
procedure administers the cells into the heart muscle during
an angioplasty-like procedure using electromechanical mapping
and direct intramyocardial injection (e.g. NOGA system) or during
cardiac surgery (e.g. coronary artery bypass grafting) (Ang 2008;
Hamshere 2015), although this option may be limited by high

costs associated with NOGA percutaneous procedure. The interval
between the cell collection and their reinfusion varies; some are
administered fresh, and others undergo some form of culture and
expansion ex vivo that could take two to three weeks (Assmus 2006;
Bartunek 2012; Mathiasen 2015).

A haematologist usually undertakes the collection of cells. A
specialised technician or scientist undertakes the cell separation
from the other bone marrow cells, and the cardiologist or cardiac
surgeon peforms the infusion or intramyocardial injection of the
cells.

Adverse effects associated with the administration of bone marrow
or blood cells as a treatment for people with chronic IHD or CHF
are infrequent and generally not serious (Behfar 2014). In those
trials where G-CSF has been administered prior to the cell harvest,
transient complications arising from the G-CSF treatment may
occur. However, no long-term adverse effects have been reported.

This treatment is currently only available in research-associated
facilities, but it is conceivable that, if long-term effectiveness
is confirmed, it might become available to some or all people
with chronic heart disease, since bone marrow and peripheral
blood harvest is a standard procedure used in bone marrow
transplantation. The costs may be high, depending on the
procedures used, and currently relate to the costs of cell collection
and cell processing (approximately a 10th of the overall cost of the
trial). The potential for a large multicentre randomised controlled
trial (RCT) is limited by funds and by discordant results from
previous RCTs.

How the intervention might work

Clinical trials that have administered bone marrow-derived cells to
people suffering from IHD or CHF have yielded divergent results,
and therefore the mechanism of action of such therapies remains
unclear. The selection of optimal cell type and the optimal patient
cohort to be treated is thus a challenge. Although incorporation
into blood vessels and direct generation of cardiomyocytes have
been proposed as mechanisms of action (Beltrami 2003; Carr 2008;
Martin-Rendon 2008a; Mathur 2004; Stuckey 2006; Yoon 2005), it
is now accepted that a paracrine mechanism may be the major
contribution to promoting cardiac repair and limit fibrosis in the
damaged myocardium (Ibrahim 2016; Li 2012).

Why it is important to do this review

Cell therapies have the potential to become an exciting new
form of treatment for many diseases. Heart disease is one of the
clinical settings in which to address this new form of therapy,
although the exact clinical role for cell therapy remains to be
defined. Cell therapy as treatment for ischaemic heart disease
is an experimental therapy that is not widely available and is
not part of standard clinical practice. Currently, there are no
clinical guidelines on the use of cell therapies for ischaemic
heart disease and heart failure. Evidence from early trials and
systematic reviews has suggested that cell therapy may result
in some improvements over conventional therapy as measured
by surrogate tests of heart function (Abdel-Latif 2007; Assmus
2006; Chen 2006; Jeevanantham 2012). More recent systematic
reviews and meta-analyses have shown conflicting results (Afzal
2015; Fisher 2015b). A recent Cochrane review concluded that
there is insufficient evidence for a beneficial effect of cell therapy
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for people with acute myocardial infarction, with most evidence
coming from small trials that showed no difference in clinically
relevant outcomes (Fisher 2015a). However, there seems to be
robust evidence to suggest that cell therapies have a beneficial
effect on people with heart failure (Fisher 2016).

A Cochrane review of cell therapy for people with chronic IHD
and CHF included 23 RCTs and found some evidence that bone
marrow-derived cells improve left ventricular ejection fraction
(LVEF), reduce the number of deaths and are associated with
improved measures of performance in the long term (Fisher 2014).
Since publication of the original review, several key new trials have
been published (Heldman 2014_BMMNC; Heldman 2014_BM-MSC;
Jimenez-Quevedo 2011; Mathiasen 2015; Nasseri 2012; Patel 2015;
Patila 2014; Santoso 2014; Trifunovic 2015; Wang 2014; Wang 2015).
It is important to update the review with these new trials to re-
evaluate and improve the quality of the available evidence.

OBJECTIVES

The critical evaluation of clinical evidence on the safety and efficacy
of autologous adult bone marrow-derived stem/progenitor cells as
a treatment for chronic IHD and CHF.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs).

Types of participants

Anyone with a clinical diagnosis of IHD or CHF, excluding people
with acute myocardial infarction. We included studies evaluating
both ischaemic and non-ischaemic disease only if data for the
participants with ischaemic disease could be extracted separately.

Types of interventions

Studies involving the administration of autologous adult bone
marrow-derived stem/progenitor cells on their own or in
combination with co-interventions, such as cardiac surgery, as
treatment for IHD or CHF.

Participants in the comparator treatment arm of the trial received
either no intervention or a placebo (e.g. the medium in which the
cells were suspended or plasma). Trials where co-interventions
(e.g. CABG, PCl, G-CSF, extracorporal shockwave therapy) were
additionally administered were eligible as long as the co-
interventions were equal in both arms and administered to an
equivalent proportion of participants.

In summary:

1. any autologous human adult bone marrow-derived stem/
progenitor cells

Types of outcome measures
Primary outcomes

1. Mortality

2. Periprocedural adverse events (defined as occurring at the time
of bone marrow aspiration or administration of cell therapy
(or placebo), or documented adverse events within 30 days of
treatment)

Secondary outcomes

1. Morbidity: non-fatal M, rehospitalisation for heart failure (HF),
arrhythmias, composite measure of major adverse clinical
events (MACE, mortality, non-fatal MI, and/or rehospitalisation
for HF)

2. Health-related quality of life (QoL)

3. Performance status (e.g. New York Heart Association (NYHA)
classification, Canadian Cardiovascular Society (CCS) class,
exercise capacity)

4. Left ventricular ejection fraction (LVEF).

We divided beneficial outcomes into clinically based and surrogate
outcomes. At the protocol stage of this review, we had intended to
consider clinical and surrogate outcome data at 30 days, 6 months,
and 12 months after baseline; however, this was not possible due
to the variation in follow-up periods reported in individual studies.
We therefore stratified outcome data into short term (up to 12
months) and long term (12 months or longer) follow-up. The scope
of this version of the review was to assess the clinical benefit or
harm of cell therapies in people with ischaemic heart disease and
heart failure, and we have therefore focused on clinical outcomes.
However, the surrogate outcome of LVEF is a standard, widely
reported surrogate for cardiac function and has been retained as
a reference point in other trials and systematic reviews of IHD. We
have excluded surrogate outcomes other than LVEF reported in
previous versions of this review, namely engraftment and survival
of the infused cells, end-systolic volume, end-diastolic volume,
wall motion score, and stroke volume index, in agreement with
the Cochrane Heart Group. However, we consider that relevant
surrogate outcomes such as left ventricular volumes may be more
meaningful than LVEF, and as such, we will consider these surrogate
outcomes in the next update of this review.

Search methods for identification of studies
Electronic searches

We updated and expanded the electronic database searches,
originally run in March 2013 (see Appendix 1 for details), in June
2014, March 2015, and December 2015 (Appendix 2). We identified
relevant studies from searching the following:

« Cochrane Central Register of Controlled Trials (CENTRAL) (the
Cochrane Library, 2015 Issue 11);

« MEDLINE (OvidSP, 1948 to 14 December 2015);
« Embase (OvidSP, 1974 to 14 December 2015);

2. any single dose
. . . « CINAHL (EBSCOHost, 1982 to 14 December 2015);

3. any method of stem/progenitor cell isolation - o .

- . « PubMed (in process and epublications ahead of print only, on 14
4, any route of administration
5 int i December 2015);
. any C°"2 .ert"’e” 'Otr,‘ ol d « LILACS (1982 to 14 December 2015);

. repeated intervention or multiple doses . IndMED (1986 to 14 December 2015);
« KoreaMed (1997 to 14 December 2015);
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« PakMediNet (1995 to 14 December 2015);

« Web of Science: Conference Proceedings Citation Index - Science
(CPCI-S) (1990 to 14 December 2015);

« four databases of ongoing trials on 14 December 2015:
*  ClinicalTrials.gov (clinicaltrials.gov/);

* ISRCTN Register (www.isrctn.com/);

* World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP) (apps.who.int/trialsearch/);

* HKU Clinical Trials Registry (www.hkuctr.com).

Searching other resources

We checked the reference lists of all identified eligible papers
and relevant systematic reviews. We applied no language or date
restrictions.

Data collection and analysis
Selection of studies

The Information Specialist (CD) conducted the electronic search
for potentially relevant papers and removed references that were
duplicates, clearly irrelevant, and/or included in previous search
results. Two review authors (SF, EMR) independently screened
all titles and abstracts identified by the review search strategy
for relevance to the review question. We excluded studies that
clearly did not meet the eligibility criteria at this stage. Two review
authors (SF, EMR) independently assessed all other studies based
on their full text for inclusion/exclusion using the criteria indicated
above (type of studies, participants, interventions, and outcome
measures). Disagreements were resolved through discussion.

Data extraction and management

Two review authors (SF, EMR) extracted data onto customised data
extraction forms that were created and piloted specifically for this
review and independently undertook data extraction for all eligible
studies. Aside from details relating to the quality of the included
studies, we extracted the following two groups of data.

1. Trial characteristics: place of publication, date of publication,
population characteristics, setting, detailed nature of
intervention, detailed nature of comparator, detailed nature of
outcomes. A key purpose of these data was to explain clinical
heterogeneity between included studies independently from
analysis of the results.

2. Results of included studies for each of the main outcomes
indicated in the review question. For dichotomous outcomes,
we recorded the numbers of outcomes in treatment and
control groups. For continuous outcomes, we recorded the
mean and standard deviation. Where standard deviations of
mean change from baseline values were not explicitly reported,
where possible we calculated the standard deviation based
on reported confidence intervals or P values as described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011), and we used these values in the analysis.

Disagreements between the review authors over data extraction
were resolved by consensus. When disagreements regarding any
of the above could not be resolved through discussion, we
attempted to contact authors of the original trials to provide further
details. One review author (SF) then transcribed the data into the

systematic review computer software Review Manager 5 (Review
Manager 2014).

Assessment of risk of bias in included studies

The two review authors (SF, EMR) independently undertaking the
data extraction assessed the risk of bias for each trial using the
criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011). For trials included in the previous
version of this review, we re-evaluated the risk of bias in the
context of the revised outcomes and long-term follow-up studies,
and updated accordingly. Disagreements were resolved through
discussion.

A study of trials published in Chinese medical journals that were
described as randomised found that a high proportion of these
trials did not adhere to accepted methodology for randomisation,
and hence could not be deemed authentic RCTs (Wu 2009). It is
now widely accepted that trials carried out in China may lack
appropriate randomisation; we therefore deemed any Chinese
studies for which methods of randomisation were not described
and could not be clarified with trial authors to have a high risk
of selection bias, and evaluated sensitivity to these trials through
sensitivity analyses (see Sensitivity analysis section below).

Measures of treatment effect

We carried out separate analyses according to the duration of
follow-up after treatment: short term (less than 12 months) and
long term (equal to or greater than 12 months). We expressed
dichotomous data for each arm in a particular study as a
proportion or risk and the treatment effect as a risk ratio (RR)
with 95% confidence intervals (Cls), calculated using Mantel-
Haenszel methods. We expressed continuous data for each arm
in a particular study as a mean and standard deviation, and the
treatment effect as the mean difference (MD) if outcomes were
measured in the same way across trials. For outcomes measured
using different methods, we combined the treatment effect data
and analysed them using the standardised mean difference (SMD).

Although we intended to analyse continuous outcomes as mean
change from baseline, several studies only reported baseline
and endpoint data. Where possible, we calculated the standard
deviation of the mean change from baseline based on reported
confidence intervals or P values, and used these values in the
analysis. However, for several studies, insufficient information
was reported to calculate the standard deviation. Since the
mean difference based on the change from baseline can be
assumed to address the same underlying intervention effects as
an analysis based on final measures (i.e. the differences in mean
final values will on average be the same as the differences in
mean change scores), we combined studies reporting mean change
from baseline values with those reporting endpoint values, but
have presented mean change and endpoint values separately as
well as in combined analyses for clarity, as suggested in the
Cochrane Handbook (Higgins 2011). We did not conduct this pooling
of studies by method of reporting of continuous measures for
analyses of exercise capacity, since the assumption of consistent
underlying effects does not hold for standardised mean differences.

Unit of analysis issues

Three published reports of trials randomised participants to one
of two treatment arms, each with a comparator control group
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(Hamshere 2015_IC; Hamshere 2015_IM; Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Mozid 2014_IC; Mozid 2014_IM); we have
considered each of these studies as reporting two separate
trials within one publication and treat them as such throughout
this review. In the first trial (Heldman 2014_BMMNC; Heldman
2014_BM-MSC), exercise capacity, quality of life, and LVEF measures
were reported pooled for both control groups; for these outcomes
the pooled control data are used as the comparator for both
intervention arms. In other studies in which there were multiple
interventions in the same trial compared with a single control
group, we combined the intervention trial arms for a single
comparison with the comparator (control) arm to avoid double
counting of participants and potential correlation of results. We
thus pooled data across different methods of administration
(intramyocardial/intracoronary) (Ang 2008), cell types (Assmus
2006), and cell doses (Losordo 2007; Losordo 2011). However, for
subgroup and sensitivity analyses, where the two intervention
arms were classified into different categories (e.g. type of cell, cell
dose, route of administration of cells), we included results for each
treatment arm in the corresponding group, with the control group
included in both groups. In order to avoid unit of analysis issues, we
treated cross-over trials as parallel trials and included them in the
review up to the point of cross-over, i.e. first-phase data only.

In the analysis of quality of life outcomes, we converted Minnesota
Living with Heart Failure Questionnaire (MLHFQ) scores to negative
values in order to include these in a meta-analysis with other
measures on different scales using the standardised mean
difference.

Dealing with missing data

We attempted to contact the authors of 27 studies (describing
30 independent trials) by email for clarification of methods
(randomisation, allocation concealment, and blinding), potential
overlapping of studies, and/or requests for additional data. We
failed to establish contact with the authors of 16 studies (17
independent trials) by email (Ang 2008; Bartunek 2012; Erbs 2005;
Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Mathiasen 2015;
Nasseri 2012; Patel 2015; Perin 2011; Perin 2012a; Perin 2012b;
Pokushalov 2010; Santoso 2014; Tse 2007; Wang 2010; Yao 2008;
Zhao2008), and the authors of one study initially responded but did
not reply to subsequent emails (Jimenez-Quevedo 2011).

We are grateful to the authors of 10 studies (12 independent trials)
who responded to our emails as follows:

« Assmus 2006: results were reported for a pooled randomised
cohort and a non-randomised pilot study cohort; the authors
provided full clinical and surrogate outcome data for the
randomised cohort alone, as well as details of the method of
randomisation used;

o Assmus 2013: we received clarification of analysis sample sizes
and confidence intervals for mean change in NYHA;

« Hendrikx 2006: we received left ventricular end-systolic volume
(LVESV) and end-diastolic volume (LVEDV) data (as only LVESV/
LVEDV index values were reported) (see previous version of this
review);

o Hu2011:the authors confirmed overlap of multiple publications
and provided mean change from baseline data for exercise
capacity, LVEF, and other surrogate outcome measures (see
previous version of this review);

o Mozid 2014_IC; Mozid 2014_IM: results were reported pooled
across intervention arms; the authors provided mortality, MI,
rehospitalisation and arrhythmia rates, and mean NYHA and CCS
baseline, follow-up, and change from baseline values separately
for each randomised arm of the trial;

o Hamshere 2015_IC; Hamshere 2015_IM: this study was
published in abstract form only with limited presentation
of results. The authors kindly provided data for mortality,
morbidity, NYHA class, and CCS class;

« Patel 2005: we received clarification of randomisation methods;

+ Patila 2014: we received mean (rather than reported median)
values for LVEF and NYHA class;

o Trifunovic 2015: LVEF data were reported graphically; the
authors provided the actual data used to generate the graphs;

o Turan 2011: a discrepancy in brain natriuretic peptide data
between papers was resolved; overlap of multiple publications
was confirmed.

Assessment of reporting biases

Although we made every effort to identify unpublished studies,
we assessed publication bias for the primary outcome of mortality
using a funnel plot and with a formal test for publication bias using
Egger's test for asymmetry (Egger 1987), implemented with the
statistical software programme R v2.14.1 (R Core Team 2013). We
accept that asymmetry, one cause of which may be publication
bias, is difficult to detect with the small numbers of studies (i.e.
fewer than 10) often encountered in systematic reviews.

Data synthesis

We undertook meta-analyses using Review Manager 35,
employing random-effects models throughout due to the
anticipated heterogeneity arising from differences in participant
characteristics, interventions, and duration of follow-up (Review
Manager 2014). This differs from the previous version of the review,
in which fixed-effect models were used for meta-analyses in the first
instance.

Although quantitative synthesis was the main method of analysis,
we incorporated insights from a qualitative evaluation of studies
for an overall interpretation of the data. We based conclusions
on patterns of results identified across clearly tabulated results
of included studies as well as summary measures, taking both
direction and magnitude of any mean effect sizes from random-
effects models into account.

We included all studies in the main analyses irrespective of
risk of bias and performed sensitivity analyses for risk of
selection, performance, and attrition bias as described in the
Sensitivity analysis section below. Periprocedural adverse events
were summarised for each trial in tabular form and evaluated
descriptively. We made no formal evaluation of the frequency of
periprocedural adverse events in each treatment group due to the
differences in definition and reporting of periprocedural adverse
events between studies.

Within each included trial, all participants were analysed in
the treatment groups to which they had been randomised. We
undertook an available-case analysis, including all participants
who were randomised to treatment and were included in the
analysis, irrespective of whether or not they had received their
randomised treatment.
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In two trials, no variation in NYHA class, in Trifunovic 2015, or CCS
class, in Perin 2012b, between participants within the treatment
group was observed (and hence the sample standard deviation was
zero). For these outcomes, we estimated the standard deviation by
that observed in the control group in order to incorporate these
data into the meta-analysis.

We constructed 'Summary of findings' tables using GRADEpro GDT
(GRADEpro GDT). We focused our summary of findings on long-term
follow-up of the primary outcome of mortality, morbidity (non-fatal
MI, rehospitalisation for HF, composite MACE, arrhythmias) and
the surrogate outcome of LVEF measured by magnetic resonance
imaging (MRI). We excluded studies with a high or unclear risk
of selection bias from random sequence generation from the
'Summary of findings' tables and from summary results presented
in the abstract. We made an assessment of the quality of the
evidence based on study design limitations, inconsistency of
results, indirectness of evidence, imprecision, and publication bias
as described in the GRADE handbook (Schiinemann 2013), with
consideration of the optimal information size generated from trial
sequential analysis (TSA).

Trial sequential analysis

Cumulative meta-analyses may result in type | errors due to
an increased risk of random error arising from repeated testing
of accumulating data (Borm 2009; Hu 2007; Lan 2003). Trial
sequential analysis provides a method of adjusting the thresholds
for statistical significance while maintaining the overall desired
type | error rate (Wettersley 2008). These adjusted thresholds
are known as trial sequential monitoring boundaries (TSMBs).
If the cumulative Z-curve crosses the TSMB, then statistical
significance has been reached whilst maintaining the overall type
| error rate. Trial sequential analysis also provides a required
information size, the meta-analysis information size needed to
detect a statistically significant effect with overall desired power
and type | error given a defined underlying model. We calculated
the required information size for the outcomes of all-cause
mortality (primary outcome), morbidity outcomes (non-fatal Ml,
rehospitalisation for HF, composite MACE, and arrhythmias), and
LVEF at long-term follow-up using the TSA program (TSA 2011). For
dichotomous outcomes, the required information size was based
on a DerSimonian and Laird random-effects model for a relative
risk reduction of 35% (equivalent to the reduced risk of mortality
associated with PCl, Hartwell 2005, and less than that associated
with CABG, Benedetto 2016). We acknowledge that this may be
an overestimation of the effect of cell therapy, but as an arbitrary
value it provides a benchmark comparison. Small treatment effects
will require a larger information size. We assumed an incidence
rate in the control group equal to that observed in our control
data. For LVEF and NYHA class, we calculated the information size
using a DerSimonian and Laird random-effects model with a model
variance-based heterogeneity correction assuming an a priori
absolute mean difference in change from baseline values of 4%
(LVEF) or a mean difference of 1 (NYHA class). We excluded studies
with a high or unclear risk of selection bias from random sequence
generation from TSA. For outcomes demonstrating efficacy of cell
therapy, cumulative Z-scores (i.e. the Z-statistics obtained after
sequential inclusion of each trial) were constructed and assessed
for significance against the trial sequential monitoring boundaries,
calculated using the O'Brien-Fleming -spending function for a
reduced overall 5% type | error rate and 80% power.

Subgroup analysis and investigation of heterogeneity

A range of different methods (MRI, left ventricular angiography
(LVA), single-photon emission computed tomography (SPECT),
echocardiography, and radionuclide ventriculography (RNV)) were
used to measure LVEF across studies, with several studies reporting
LVEF as an outcome using more than one method of measurement.
The limitations of some of these methods are well known (Arnesen
2007). Consistent with the previous version of this review, we
subgrouped analyses of LVEF according to the measurement
method used.

We assessed the percentage of variability in effect estimates due to
heterogeneity using the |12 statistic (Higgins 2002; Higgins 2003). We
performed pre-planned subgroup analysis for mortality (primary
outcome). For outcomes with substantial observed heterogeneity
(12=50%) in combined analyses (or separate analyses for outcomes
reported as standardised mean difference) and a minimum of
three studies in each subgroup, we investigated potential sources
of heterogeneity by performing the subgroup analyses described
below as exploratory analyses, and by visual inspection of forest
plots with consideration of individual trial characteristics (Higgins
2003). Where possible, we based subgroup analyses on combined
analyses of mean values at endpoint and mean change from
baseline values, consistent with the main analyses as described
in the Measures of treatment effectsection above. We performed
subgroup analyses on all available trials irrespective of risk of bias.

Subgroup analysis considered the following factors:

1. mean dose of stem/progenitor cells administered (< 107, 107 to
108, or>108);

2. route of cell administration (intramyocardial, intracoronary);

3. baseline cardiac function (mean baseline LVEF < 30%, 30% to
50%, or > 50%);

4. type of cell administered (mononuclear cells; circulating
progenitor cells; haematopoietic progenitor cells; and
mesenchymal stem cells);

5. participant diagnosis (chronic IHD; HF (secondary to IHD);
intractable/refractory angina), classified in consultation with a
clinical expert (AM);

6. use of co-interventions (PCl or CABG or shockwave administered
or not administered).

We regarded the last three subgroup comparisons listed above as
hypothesis-generating.

For trials with multiple active-intervention arms, in subgroup
analyses where the intervention arms were stratified across the
subgrouping strata, we used the single control group as the
comparator in each subgroup.

Sensitivity analysis

For the outcomes of mortality, non-fatal MI, rehospitalisation for
HF, composite major adverse clinical events, NYHA class, and LVEF
measured by MRI, we assessed results for sensitivity to risk of
selection bias (by excluding studies with a high or unclear risk
of bias from random sequence generation). We also assessed the
primary outcome of mortality for sensitivity to risk of attrition bias
(by excluding studies with a high or unclear risk of attrition bias) and
performance bias (by excluding studies with a high or unclear risk
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of performance bias due to known lack of blinding of participants
and clinicians).

RESULTS

Description of studies
Results of the search

We identified a total of 20,646 references from the electronic
database searches. De-duplication and removal of all clearly
irrelevant references by the Information Specialist (CD) excluded
14,955 references. Initial screening of the remaining 5691 citations

against inclusion criteria excluded a further 5486 references. Of the
remaining 205 citations, we subsequently excluded 70 references
(describing 54 independent studies), as they did not fully meet
the inclusion criteria (see Excluded studies). Five further references
described four independent study protocols (see Ongoing studies).
Ten studies (12 references) were published in abstract form only,
and although they appeared to meet the inclusion criteria, they did
not contain sufficient data for inclusion; we have identified these
as Studies awaiting classification. The remaining 118 citations
describe a total of 38 independent RCTs (see Included studies).
A summary of study classification is displayed in a PRISMA flow
diagram (Figure 1).
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Figure 1. PRISMA flow diagram.
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Searching of ongoing trial databases identified 1302 trial records.
De-duplication and removal of clearly irrelevant trials by the
Information Specialist (CD) excluded 949 records. Of the remaining
353 records, 22 described included studies and 31 were ongoing
trials that met the eligibility criteria and are shown in Ongoing
studies.

Included studies

Thirty-eight studies met the inclusion criteria for this review,
including a total of 1907 randomised participants (1114 bone
marrow-derived stem/progenitor cells and 793 controls) who
were assessed for the primary outcomes of the study. Sixteen
independent trials are new to this review update (Bartunek 2012;
Hamshere 2015_IC; Hamshere 2015_IM; Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Jimenez-Quevedo 2011; Mathiasen 2015;
Mozid 2014_IC; Mozid 2014_IM; Nasseri 2012; Patel 2015; Patila
2014; Santoso 2014; Trifunovic 2015; Wang 2014; Wang 2015),
representing an approximately 70% increase in the number of
included participants from the previous version of the review. One
studyincludedin the original review was excluded in this update, as
the co-intervention of G-CSF administered to the cell therapy group
was not given to the control group (Kang 2006). See Table 1 for a
summary of study participants.

The mean age of participants ranged from 55 to 70 years, and
the proportion of men ranged from 50.9% to 100%. All trials
were presented as full journal articles, with the exception of
three trials that were published in the form of a conference
abstract (Hamshere 2015_1C; Hamshere 2015_IM; Wang 2014), and
two trials that reported additional long-term follow-up results
in abstract form only (Assmus 2013; Patel 2005). Nine studies
were multicentre trials (Bartunek 2012; Jimenez-Quevedo 2011;
Losordo 2007; Losordo 2011; Patel 2015; Perin 2011; Perin 2012a;
Santoso 2014; Tse 2007). Studies were based worldwide, including
China (Chen 2006; Hu 2011; Wang 2009; Wang 2010; Wang 2014;
Wang 2015; Yao 2008; Zhao 2008), Germany (Assmus 2006; Assmus
2013; Erbs 2005; Honold 2012; Nasseri 2012; Turan 2011), the
United States (Heldman 2014_BMMNC; Heldman 2014_BM-MSC;
Losordo 2007; Losordo 2011; Perin 2011; Perin 2012a; Perin 2012b),
the United Kingdom (Ang 2008; Hamshere 2015_IC; Hamshere
2015_IM; Mozid 2014_IC; Mozid 2014 _IM), Spain (Jimenez-Quevedo
2011), Belgium (Hendrikx 2006), Denmark (Mathiasen 2015), the
Netherlands (Van Ramshorst 2009), Finland (Patila 2014), Serbia
(Trifunovic 2015), Russia (Pokushalov 2010), Argentina (Patel 2005),
Hong Kong/Australia (Tse 2007), Indonesia/China (Santoso 2014),
Belgium/Serbia/Switzerland (Bartunek 2012), and USA/Germany/
India (Patel 2015). Two studies included publications in Chinese
(Hu 2011; Wang 2009), which were translated into English for this
review.

Fourteen studies included participants with chronic IHD (Ang
2008; Assmus 2006; Assmus 2013; Chen 2006; Erbs 2005; Heldman
2014_BMMNC; Heldman 2014_BM-MSC; Hendrikx 2006; Honold
2012; Trifunovic 2015; Turan 2011; Wang 2014; Wang 2015; Yao
2008), normally defined as multivessel disease with persistent
ischaemia and at least 30 days from the last MI. Seventeen studies
included participants with CHF, defined as severe ischaemic HF and
postinfarction HF (secondary to IHD) (Bartunek 2012; Hamshere
2015_IC; Hamshere 2015_IM; Hu 2011; Mathiasen 2015; Mozid
2014_IC; Mozid 2014_IM; Nasseri 2012; Patel 2005; Patel 2015;
Patila 2014; Perin 2011; Perin 2012a; Perin 2012b; Pokushalov 2010;
Santoso 2014; Zhao 2008), and seven studies were of people with

intractable or refractory angina (Jimenez-Quevedo 2011; Losordo
2007; Losordo 2011; Tse 2007; Van Ramshorst 2009; Wang 2009;
Wang 2010). One trial also included people with non-ischaemic
heart disease (Patel 2015), but reported results separately so
that only participants with ischaemic disease are included in this
review. All trials maintained participants with a standard set of
drugs including aspirin, clopidogrel, heparin, blockers, statins,
angiotensin converting enzyme (ACE) inhibitors, nitrates, and/or
diuretics.

Duration of follow-up ranged from three months (Assmus 2006),
four months (Hendrikx 2006), six months (Ang 2008; Jimenez-
Quevedo 2011; Losordo 2007; Mathiasen 2015; Mozid 2014_IC;
Mozid 2014_IM; Nasseri 2012; Perin 2011; Perin 2012a; Perin 2012b;
Santoso 2014; Tse 2007; Van Ramshorst 2009; Wang 2009; Wang
2010; Wang 2014; Wang 2015; Yao 2008; Zhao 2008), 12 months
(Chen 2006; Hamshere 2015_IC; Hamshere 2015_IM; Heldman
2014_BMMNC; Heldman 2014_BM-MSC; Hu 2011; Losordo 2011;
Patel 2015; Patila 2014; Pokushalov 2010; Turan 2011), 15 months
(Erbs 2005), 24 months (Bartunek 2012) up to a median 45 (17)
months (Assmus 2013), 60 months (Honold 2012; Trifunovic 2015),
and 10 years (Patel 2005).

See Table 2 for a summary of study interventions. Twenty-seven
trials isolated the stem cells by bone marrow aspiration and
further separation of the mononuclear cells using density gradient
centrifugation (Ang 2008; Assmus 2006; Assmus 2013; Bartunek
2012; Chen 2006; Heldman 2014_BMMNC; Heldman 2014_BM-
MSC; Hendrikx 2006; Hu 2011; Mathiasen 2015; Nasseri 2012;
Patel 2005; Patila 2014; Perin 2011; Perin 2012a; Perin 2012b;
Pokushalov 2010; Santoso 2014; Trifunovic 2015; Tse 2007; Turan
2011; Van Ramshorst 2009; Wang 2009; Wang 2010; Wang 2015;
Yao 2008; Zhao 2008), and one trial isolated and concentrated
the mononuclear cell fraction (Patel 2015). Three of these trials
enriched the stem cell fraction in CD34-positive haematopoietic
progenitors by magnetic separation (Patel 2005; Wang 2009;
Wang 2010), whilst one trial enriched the stem cell fraction in
CD133-positive cells (Nasseri 2012), and one trial in aldehyde
dehydrogenase (ALDH)-positive haematopoietic progenitors (Perin
2012b). Three trials cultured the mononuclear cell population from
bone marrow ex vivo to enrich in mesenchymal progenitors (Chen
2006; Heldman 2014_BM-MSC; Mathiasen 2015), whereas one trial
cultured mononuclear cells and enriched them in cardiopoietic
cells by exposure to cardiopoietic factors (Bartunek 2012). In
one three-arm trial (Assmus 2006), bone marrow mononuclear
cells were compared with circulating progenitor cells (CPCs), and
with mononuclear cells isolated from venous peripheral blood.
In the CPC arm, cells were isolated from peripheral blood by
leukapheresis.

In five trials, bone marrow stem cells were mobilised into
circulation with granulocyte colony-stimulating factor (G-CSF) and
subsequently isolated from blood via leukapheresis (Erbs 2005;
Honold 2012; Jimenez-Quevedo 2011; Losordo 2007; Losordo
2011). Whilst previous trials reported severe but transient
complications associated with G-CSF treatment (Kang 2006),
a recent pilot study demonstrated that G-CSF can be safely
administered to people suffering from IHD as none of the
participants in this trial experienced the type of adverse events
previously associated with G-CSF treatment (Honold 2012). Two
of these trials further enriched the stem cell population in
CD34-positive progenitors by magnetic separation (Losordo 2007;
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Losordo 2011). Four trials mobilised bone marrow cells into
circulation with G-CSF and isolated bone marrow mononuclear
cells by density gradient centrifugation (Hamshere 2015_IC;
Hamshere 2015_IM; Mozid 2014_IC; Mozid 2014_IM). Finally, one
study administered CD133-postive cells, but reported no details of
cellisolation (Wang 2014).

All but six trials reported the mean (or median) dose of cells
administered (Hamshere 2015_IC; Hamshere 2015_IM; Heldman
2014_BMMNC; Heldman 2014_BM-MSC; Santoso 2014; Wang 2014).
The mean dose of bone marrow mononuclear cells administered
varied between 2 x 106 cells, in Perin 2011, and 8.4 x 108
cells, in Patila 2014, whilst bone marrow aspirate concentrate
was administered at a mean dose of 3.7 x 109 cells (Patel
2015). Mesenchymal progenitor cells were administered at mean
doses of between 5.0 x 106 cells, in Chen 2006, and 7.8 x 107
cells, in Mathiasen 2015, with one study administering 7.3 x 108
cardiopoietic cells (Bartunek 2012). Five studies that adminstered
CD34-positive cells gave mean doses of between 5.0 x 104 cells, in
Losordo 2007, and 5.6 x 107 cells, in Wang 2010, and included two
dose escalation studies comparing 5.0 x 104 cells, 1.0 x 105 cells, and
5.0 x 105 cells or 1.0 x 105 cells and 5.0 x 105 cells (Losordo 2007;
Losordo 2011). CD133-positive cells were administered at a median
dose of 5.1 x 106 cells, in Nasseri 2012, or at doses of between 2 and
3 x 107 cells (Jimenez-Quevedo 2011). The doses of ALDH-positive
cells averaged 2.96 x 106 cells (Perin 2012b). In the trial where bone
marrow mononuclear cells were compared to CPCs, the mean dose
of CPCs administered was between 2.9 x 106 cells, in Honold 2012,
and 2.2 x 107 cells (Assmus 2006).

Thirteen trials administered the treatment via a coronary artery
(intracoronarily (IC)) (Assmus 2006; Assmus 2013; Chen 2006;
Erbs 2005; Hamshere 2015_IC; Honold 2012; Hu 2011; Mozid
2014_IC; Patel 2015; Turan 2011; Wang 2009; Wang 2010; Yao
2008), whilst 24 trials delivered the treatment intramyocardially
(IM) (Bartunek 2012; Hamshere 2015_IM; Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Hendrikx 2006; Jimenez-Quevedo 2011;
Losordo 2007; Losordo 2011; Mathiasen 2015; Mozid 2014_IM;
Nasseri 2012; Patel 2005; Patila 2014; Perin 2011; Perin 2012a;
Perin 2012b; Pokushalov 2010; Santoso 2014; Trifunovic 2015; Tse
2007; Van Ramshorst 2009; Wang 2014; Wang 2015; Zhao 2008). Of
these 24 studies, 22 aided delivery of the treatment into the heart
muscle using electromechanical mapping of the heart. The other
two studies did not report whether the IM delivery of stem cells
was aided in any other way (Hendrikx 2006; Zhao 2008). One trial
included three treatment arms comparing IC and IM delivery of
stem cells with control (Ang 2008).

Apart from G-CSF, 17 studies administered co-interventions. In
nine studies, participants underwent coronary artery bypass graft
(CABG) (Ang 2008; Hendrikx 2006; Hu 2011; Nasseri 2012; Patel
2005; Patila 2014; Trifunovic 2015; Wang 2015; Zhao 2008), and
in seven studies, percutaneous coronary intervention (PCI) was
administered to all participants (Chen 2006; Erbs 2005; Turan 2011;
Wang 2009), or to a subset of participants (Assmus 2006; Honold
2012; Yao 2008). One study administered shockwave targeted to
the left ventricular anterior wall at either high or low dose (Assmus
2013).

Twenty-five studies compared cell therapy with administration of
a placebo consisting of a cell-free solution, either a heparin saline

solution or a saline solution containing the participant's own serum
(Assmus 2013; Erbs 2005; Hamshere 2015_IC; Hamshere 2015_IM;
Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Hendrikx 2006;
Hu 2011; Losordo 2007; Losordo 2011; Mathiasen 2015; Mozid
2014_IC; Mozid 2014_IM; Nasseri 2012; Patila 2014; Perin 2012a;
Perin 2012b; Santoso 2014; Tse 2007; Van Ramshorst 2009; Wang
2010; Wang 2014; Wang 2015; Yao 2008; Zhao 2008); two further
studies used a simulated mock injection procedure for participants
in the control arm, but without administering a placebo solution
(Jimenez-Quevedo 2011; Perin 2011). The remaining 11 trials
compared treatment to no treatment (Ang 2008; Assmus 2006;
Bartunek 2012; Chen 2006; Honold 2012; Patel 2005; Patel 2015;
Pokushalov 2010; Trifunovic 2015; Turan 2011; Wang 2009).

Three studiesincluded multiple comparisonsinvolving two or three
intervention arms, including intracoronary versus intramyocardial
celladministration (Ang 2008), mononuclear cells versus circulating
progenitor cells (Assmus 2006), and high versus medium or low
(Losordo 2007), or high versus low cell dose (Losordo 2011).
We combined data for multiple intervention arms for the main
analyses, although we used individual intervention trial arms for
subgroup analyses where applicable. One three-arm trial was also
a cross-over study (Assmus 2006); we have included only data up to
the point of cross-over (three months) in this review.

One study described aortic cross-clamping during surgery with
clamp times exceeding 25 to 30 minutes (Hendrikx 2006). Aortic
cross-clamping isolates the systemic circulation during surgery
but causes ischaemia. Although increasing times of aortic cross-
clamping have been identified as a predictor of mortality, the effect
of cross-clamping in this study was not as strong as might be
expected. This may be due to the fact that the cause of cardiac
damage is multifactorial, including coronary lesions.

All but one study published only in abstract form reported
the primary clinical outcome of mortality (Wang 2014). All but
three studies reported periprocedural adverse events (or lack of)
(Hamshere 2015_IC; Hamshere 2015_IM; Wang 2014), and a fourth
study reported adverse events for shockwave treatment but not
for cell therapy (Assmus 2013). See the Characteristics of included
studies tables for details of the included studies; see Table 3 for a
summary of the reporting of outcomes considered in this review.

Studies awaiting classification

Ten independent studies (12 references) met the eligibility criteria
for this review but reported insufficient data for inclusion; these
studies are awaiting classification (see Characteristics of studies
awaiting classification).

Ongoing studies

We identified 28 ongoing trials described in five references and
31 ongoing trial records; see Characteristics of ongoing studies for
details.

Excluded studies

We excluded 54 studies (described by 70 references and 15 ongoing
trial records) from the review following full-text assessment
against the eligibility criteria (see Characteristics of excluded
studies tables). In summary, we excluded studies for the following
sequential reasons: 10 studies were of people with acute
myocardialinfarction (AMI); 16 studies were single-arm trials; seven
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studies compared multiple interventions but with no control or
placebo arm; eight studies did not randomise participants to
treatment arm; two studies administered G-CSF to the intervention
arm but not the comparator group; one study measured outcomes
not relevant to this review; six studies were terminated or
withdrawn; one study included non-bone marrow-derived cells;
one study compared allogeneic cells with a control group; one
study was a literature review; and one study was performed in
animals.

Risk of bias in included studies

A summary of the risk of bias in individual studies is given below
and in Figure 2. Further details of our assessment of risk of bias
can been found in the Characteristics of included studies tables.
We considered only five trials to have a low risk of bias across
all domains (Jimenez-Quevedo 2011; Mathiasen 2015; Perin 2011;
Perin 2012a; Van Ramshorst 2009).
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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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Allocation

Twenty-seven studies provided details of randomisation methods
with a low risk of bias from random sequence generation.
These methodsincluded sequentially numbered, sealed envelopes
(Hendrikx 2006; Patila 2014; Van Ramshorst 2009), simple
randomisation table (Santoso 2014; Tse 2007), or randomisation
codes generated electronically (Assmus 2006; Assmus 2013;
Hamshere 2015_IC; Hamshere 2015_IM; Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Hu 2011; Mathiasen 2015; Mozid 2014_IC;
Mozid 2014_IM; Patel 2015; Perin 2012a; Perin 2012b; Pokushalov
2010; Zhao 2008), by a study statistician (Losordo 2007; Perin
2011), by picking a coloured ball (Patel 2005), or via a centralised
site-independent process (Bartunek 2012; Jimenez-Quevedo 2011;
Losordo 2011; Nasseri 2012). Of these, 15 studies described
appropriate methods of allocation concealment with a low risk
of bias (Assmus 2013; Bartunek 2012; Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Hendrikx 2006; Jimenez-Quevedo 2011;
Losordo 2011; Mathiasen 2015; Nasseri 2012; Patila 2014; Perin
2011; Perin 2012a; Santoso 2014; Tse 2007; Van Ramshorst 2009),
whilst in 12 studies allocation concealment was unclear (Assmus
2006; Hamshere 2015_IC; Hamshere 2015_IM; Hu 2011; Losordo

2007; Mozid 2014_IC; Mozid 2014_IM; Patel 2005; Patel 2015; Perin
2012b; Pokushalov 2010; Zhao 2008).

We found five trials in which no description was given as to
what methods were used to generate the random sequence to
be at unclear risk of selection bias (Ang 2008; Erbs 2005; Honold
2012; Trifunovic 2015; Turan 2011). The method of generation of
randomisation sequence was also not reported in six Chinese trials,
which we deemed to have a high risk of bias (Chen 2006; Wang 2009;
Wang 2010; Wang 2014; Wang 2015; Yao 2008).

Blinding

In 24 studies, participants randomised to the control group
received a placebo injection (Assmus 2013; Erbs 2005; Hamshere
2015_IC; Hamshere 2015_IM; Heldman 2014_BMMNC; Heldman
2014_BM-MSC; Hendrikx 2006; Hu 2011; Losordo 2007; Losordo
2011;Mathiasen 2015; Mozid 2014_IC; Mozid 2014_IM; Nasseri2012;
Patila 2014; Perin 2012a; Perin 2012b; Santoso 2014; Tse 2007; Van
Ramshorst 2009; Wang 2010; Wang 2015; Yao 2008; Zhao 2008), with
all but one study reporting that the control group underwent bone
marrow aspiration (Mathiasen 2015); we judged these trials to be
at a low risk of performance bias. We deemed two additional trials
to have a low risk of performance bias, as although no placebo was
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administered, participants in the control group underwent a sham
procedure (Jimenez-Quevedo 2011; Perin 2011).

We considered nine trials in which no placebo was administered
to have a high risk of performance bias (Ang 2008; Assmus 2006;
Bartunek 2012; Chen 2006; Honold 2012; Patel 2015; Pokushalov
2010; Trifunovic 2015; Turan 2011). Two trials were reported as
"double-blind" (Wang 2014), or as having blinded participants
(Patel 2005), but no details of a placebo were given; a third trial
reported no details of blinding (Wang 2009). We judged the risk of
performance bias in these trials to be unclear.

We assessed two trials as having a high risk of detection bias: one
was reported as an "open-label" trial with no details of blinding
given (Trifunovic 2015), and one trial reported that outcome
assessors were not blinded (Wang 2009). We judged two trials in
which which blinding of outcome assessors was not reported as
at unclear risk of detection bias (Chen 2006; Wang 2014). All other
trials reported the blinding of outcome assessors.

Incomplete outcome data

One trial had a high risk of attrition bias (Bartunek 2012): 11
participants randomised to the cell therapy group were excluded
from the analyses as they did not receive the study intervention.
In the study report, these participants were analysed as part
of the control group (although in this review they have been
excluded). The risk of attrition bias was unclear in four studies in
which some participants were excluded from the analyses without
sufficient explanation (Ang 2008; Heldman 2014_BMMNC; Heldman
2014_BM-MSC; Honold 2012). We also attributed an unclear risk of
attrition bias to one study reported in abstract form only (Wang
2014).In all other trials, any withdrawals or losses to follow-up were
similar in both treatment arms with reasons for withdrawals fully
documented.

Selective reporting

We attributed a high risk of reporting bias to one study in which
results have only been published as a conference abstract (Wang

2014). Twenty-two trials were prospectively registered on a clinical
trial database. Of these, 13 studies reported all outcomes described
in the the trial protocol, with a low risk of reporting bias (Ang
2008; Assmus 2006; Assmus 2013; Hu 2011; Jimenez-Quevedo 2011;
Losordo 2011; Mathiasen 2015; Nasseri 2012; Patel 2015; Perin
2011; Perin 2012a; Perin 2012b; Van Ramshorst 2009), whilst in
seven studies, we observed some differences between outcomes
described in the study protocol and those reported. Specifically,
three studies reported results for additional outcomes (Heldman
2014_BMMNC; Heldman 2014_BM-MSC; Santoso 2014); two studies
were a pilot study report of secondary outcomes only (Mozid
2014_1C; Mozid 2014_IM); one study failed to report six-month
results as described in the protocol (Patila 2014); and in one
study, different definitions of primary and secondary outcomes
were reported in the study protocol and the publication of results
(Bartunek 2012). We deemed the risk of reporting bias in these
seven studies to be unclear. For two trials reported in abstract form
only (Hamshere 2015_IC; Hamshere 2015_IM), we requested and
obtained data for all outcomes presented in the trial protocol from
the authors, therefore we judged these trials to be at low risk of
reporting bias.

We identified no prospectively registered trial protocol for the
remaining 15 trials, and although the results of all outcomes
described in the methods were reported, we judged the risk of
reporting bias to be unclear.

We identified no obvious asymmetry from a funnel plot for
mortality (Figure 3). In a regression test for asymmetry (Egger's
test), the model intercept was -0.02 (P = 0.90) at short-term follow-
up and -0.004 (P = 0.98) at long-term follow-up, with no evidence
of publication bias. However, of 28 identified ongoing trials, 11
trials (787 participants) were recorded as having been completed
or were due to have been completed in advance of our search date,
but we identified no publications for them and no study results
were posted on the trial database. We therefore cannot rule out the
possibility of publication bias.
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Figure 3. Funnel plot of comparison: 1 Stem cells versus no stem cells, outcome: 1.1 Mortality.
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Other potential sources of bias

Twenty-eight studies reported details of study funding or
sponsorship (Ang 2008; Assmus 2006; Assmus 2013; Bartunek
2012; Erbs 2005; Hamshere 2015_IC; Hamshere 2015_IM; Heldman
2014_BMMNC; Heldman 2014_BM-MSC; Hu 2011; Jimenez-
Quevedo 2011; Losordo 2007; Losordo 2011; Mathiasen 2015;
Mozid 2014_IC; Mozid 2014_IM; Nasseri 2012; Patel 2015; Patila
2014; Perin 2011; Perin 2012a; Perin 2012b; Santoso 2014; Tse
2007; Van Ramshorst 2009; Wang 2015; Yao 2008; Zhao 2008. The
majority of these studies were funded entirely by academic or
healthcare research grants, or both and received no commercial
sponsorship. Four studies acknowledged provision of equipment
(Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Losordo 2007;
Perin 2012a), and two studies acknowledged receipt of consultant
fees, from Biosense Webster, in Tse 2007, and Cook Medical
(Patel 2015). Four studies declared full commercial sponsorship:
from Aldagen (Perin 2012b), Baxter Healthcare (Losordo 2011),
Cardio3 BioSciences (Bartunek 2012), and Harvest Technologies
(Patel 2015), and nine studies declared partial commercial funding:
from Baxter Healthcare (Losordo 2007), Chugai Pharma UK and
the Cordis Corporation (Hamshere 2015_IC; Hamshere 2015_IM;
Mozid 2014_IC; Mozid 2014_IM), Miltenyi Biotec (Nasseri 2012), and
BioCardia (Heldman 2014_BMMNC; Heldman 2014_BM-MSC), and
an unrestricted grant from t2cure GmbH (Assmus 2013). We judged
all 13 studies that received some degree of commercial funding to
be at high risk of bias. The primary investigator in four included
trialsis also an author of this review (Hamshere 2015_IC; Hamshere
2015_IM; Mozid 2014 _IC; Mozid 2014_IM).

Effects of interventions

See: Summary of findings for the main comparison Bone
marrow-derived cell therapy for people with chronic ischaemic
heart disease and congestive heart failure

An overview of results for the primary outcomes of mortality
and periprocedural adverse events, and for morbidity outcomes
(non-fatal MI, rehospitalisation for HF, arrhythmias, composite
major adverse clinical events) and LVEF measured by MRI is given
in Summary of findings for the main comparison. We excluded
quality of life and performance status outcomes since different
measures are likely to be used for different participant diagnoses,
and therefore fewer trials are likely to have reported each of these
outcomes.

In one study (Yao 2008), continuous measures were reported as
mean +/- standard deviation. However, visual inspection of the data
revealed that the standard deviations were considerably lower than
might be expected for all continuous outcomes. This study also
reported P values for statistical comparisons between the baseline
and follow-up data using paired t-tests. However, we could not
identify the reported significance values, either using the standard
deviations provided, or based on an assumption that the values
werein fact standard errors. We therefore could not verify orinclude
continuous data from this study.

Stem cell therapy for chronic ischaemic heart disease and congestive heart failure (Review)

20

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Primary outcomes
Mortality

All but one study included mortality as an outcome (Wang 2014),
which was published in abstract form only (see Table 3; Table 4).

Of 33 studies that reported mortality rates during short-term follow-
up (<12 months), 15 trials reported deaths (Ang 2008; Assmus 2006;
Assmus 2013; Hendrikx 2006; Hu 2011; Jimenez-Quevedo 2011,
Losordo 2011; Mathiasen 2015; Mozid 2014_IC; Mozid 2014_IM;
Nasseri 2012; Perin 2012a; Pokushalov 2010; Van Ramshorst 2009;
Zhao 2008), whilst the remaining 18 trials reported no deaths.
In all trials, over short-term follow-up, the mortality rate of 1.6%
(15/963) in participants who received cell therapy was lower than
that observed in participants who received no cells (4.0%, 27/674)
(risk ratio (RR) 0.48, 95% confidence interval (Cl) 0.26 to 0.87;
participants = 1637; studies =33;12=0%) (Analysis 1.1). However, in
the subset of trials with a low risk of selection bias, the effect of cell
therapy on short-term mortality was no longer seen (RR 0.69, 95%
Cl 0.32 to 1.50; participants = 744; studies = 14; 12 = 0%) (Analysis
8.1). Similarly, no effect of cell therapy on short-term mortality was
shown when studies with a high or unclear risk of performance bias
were excluded (RR 0.58, 95% Cl 0.29 to 1.16; participants = 1216;
studies =25;12=0%) (Analysis 9.1). However, results appeared to be
robust to attrition bias (RR 0.48, 95% Cl 0.26 to 0.89; participants =
1449; studies = 28; 12 = 0%) (Analysis 10.1).

Seven studies reported reasons for short-term mortality in
participants who had received cell therapy, which included
perforated oesophageal ulcer complicated by mediastinitis seven
days postoperatively (Hendrikx 2006), cardiogenic shock (Jimenez-
Quevedo 2011), death on day 158 shortly after surgery for intestinal
ischaemia (Mathiasen 2015), pump failure leading to death on
day 29 after therapy (Perin 2012a), myocardial ischaemia leading
to acute HF at 2.5 months (Van Ramshorst 2009), ventricular
fibrillation five hours postoperatively leading to death on day
three (Zhao 2008), and cerebral vessel accident during six-month
follow-up (Zhao 2008). Cause of death in one study was not
specified in detail but reported as "cardiac" in four participants
and "non-cardiac" in one participant (Assmus 2013). In participants
who did not receive cell therapy, reasons for short-term mortality
included multiple organ failure secondary to low cardiac output
syndrome (Hendrikx 2006), fatal MI at 3.5 months (Jimenez-
Quevedo 2011), death during injection (Losordo 2007), terminal
HF at day 182 (Mathiasen 2015), pneumonia, mediastinitis and
sepsis with death on day 22 (Nasseri 2012), candida sepsis on day
8 after left ventricular failure (Nasseri 2012), and death reported
as "cardiac" (five participants) or "non-cardiac" (one participant)
(Assmus 2013).

Of the 21 studies reporting mortality over long-term follow-up (=
12 months), 15 studies reported deaths (Assmus 2013; Bartunek
2012; Chen 2006; Erbs 2005; Heldman 2014_BM-MSC; Honold 2012;
Hu 2011; Losordo 2011; Nasseri 2012; Patel 2005; Patel 2015;
Pokushalov 2010; Santoso 2014; Trifunovic 2015; Tse 2007), with
a mortality rate of 4.8% (28/587) in participants who received cell
therapy compared with 15.4% (65/423) in those who received no
cells. Meta-analysis of all available trials showed that cell therapy
reduced therisk of long-term mortality (RR 0.38,95% CI1 0.25 t0 0.58;
participants = 1010; studies = 21; 12 = 0%) (Analysis 1.1). Sensitivity
analyses restricted to those trials with a low risk of bias from
randomisation sequence generation and allocation concealment

showed that the reduced risk of mortality at long-term follow-up
in participants who received cell therapy was robust to selection
bias (RR 0.42, 95% CI 0.21 to 0.87; participants = 491; studies = 9;
12 = 0%,; low-quality evidence) (Analysis 8.1). Similarly, analysis of
the subset of trials that blinded participants and clinicians showed
that the effect of cell therapy on long-term mortality was robust
to performance bias (RR 0.43, 95% Cl 0.21 to 0.86; participants =
624; studies = 13; 12 = 0%) (Analysis 9.1). The effect of cell therapy
also remained when trials with a high or unclear risk of attrition
bias were excluded (RR 0.39, 95% CI 0.25 to 0.60; participants = 883;
studies = 17; 12 = 0%) (Analysis 10.1).

Eleven studies reported reasons for mortality at long-term follow-
up. In participants who received cell therapy, reported causes
of death were sepsis after elective cardiac transplant at 21
months (Bartunek 2012), lung cancer at seven months (Hu
2011), cerebrovascular haemorrhage at six years (Trifunovic 2015),
pulmonary malignancy at six years (Trifunovic 2015), HF or sudden
cardiac death, or both at 31 months (Nasseri 2012), cardiac
death on day 239 (Heldman 2014_BM-MSC), "sudden death" (Chen
2006), and death due to cardiac (three participants) or non-
cardiac causes (two participants) (Patel 2015). Reported deaths
in participants who did not receive cell therapy were due to
ventricular fibrillation, sudden death, and HF (two participants)
(Chen 2006), angina followed by sudden death secondary to AMI
(Erbs 2005), progressive HF (Honold 2012), AMI (Tse 2007), HF
deterioration (Bartunek 2012), sudden cardiac death (Bartunek
2012; Santoso 2014), systemic infection (Hu 2011), gastrointestinal
bleeding (Hu 2011), cardiac death on day 115 (Heldman 2014_BM-
MSC), HF and/or sudden cardiac death at 34 months (Nasseri
2012), "cardiac" death (Patel 2015), gastrointestinal bleeding from
carcinoma of the colon (Santoso 2014), and cardiac events in four
participants (Trifunovic 2015).

Subgroup analyses

Although primary analyses of mortality showed no evidence for
heterogeneity, values of 12 are known to be underestimated,
especially when there are few events or a limited number of studies
included in a meta-analysis (Huedo-Medina 2006; loannidis 2007).
We therefore performed prespecified subgroup analyses on the
primary outcome of mortality as described in the Methods section.
Tests for differences between subgroups revealed no differences
in mortality between treatment groups, either at short-term or
long-term follow-up when participants were grouped according
to cell dose (test for subgroup differences, short term: P = 0.23
(Analysis 2.1); long term: P = 0.29 (Analysis 2.2)), baseline cardiac
function (short term: P = 0.13 (Analysis 3.1); long term: P = 0.35
(Analysis 3.2)), route of cell administration (short term: P = 0.90
(Analysis 4.1); long term: P = 0.12 (Analysis 4.2)), cell type (short
term: P = 0.89 (Analysis 5.1); long term: P = 0.65 (Analysis 5.2)),
participant diagnosis (short term: P=0.57 (Analysis 6.1); long term:
P = 0.29 (Analysis 6.2)), or use of co-interventions (short term: P
= 0.15 (Analysis 7.1); long term: P = 0.37 (Analysis 7.2)). Notably,
subgroup analysis by participant diagnosis revealed a lower risk
of long-term mortality associated with cell therapy in participants
irrespective of diagnosis: chronic ischaemic heart disease (CIHD)
(RR 0.52, 95% CI 0.27 to 0.99; participants = 389; studies = 9; 12 =
0%), HF secondary to IHD (RR 0.33,95% Cl 0.19 to 0.58; participants
= 401; studies = 9; 12 = 0%), and refractory angina (RR 0.11, 95%
Cl 0.01 to 0.91; participants = 220; studies = 3; 12 = 0%) (Analysis
6.2), and irrespective of whether co-interventions were used (co-
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interventions: RR 0.47, 95% CI 0.26 to 0.88; participants = 312;
studies =6;12=0%; no co-interventions: RR0.32,95% CI0.19 t0 0.56;
participants = 698; studies = 15; 12 = 0%) (Analysis 7.2).

Trial sequential analyses

In trial sequential analysis of long-term mortality, the cumulative Z-
curve crossed both the conventional threshold but not the adjusted

trial sequential monitoring boundary, which may be indicative of
aninflated type | error rate (see Figure 4). Furthermore, the existing
evidence, based on a total of 432 participants, falls considerably
short of the required information size of 1899, suggesting that the
apparent beneficial effect of cell therapy on long-term mortality
based on the existing evidence lacks robustness.

Figure 4. Trial sequential analysis: Mortality at long-term follow-up (= 12 months). TSMB = trial sequential
monitoring boundary; horizontal red lines indicate conventional significance threshold.

Number of patients

Cumulative
Z-5i
St Information size = 1899
\
= I"| TSMB
& \\
5 \
ey
Favours 27
cells
2
J_--
T rd
432
=] (linear scaled)
Favours -3+
no cells
__1—
/
.'
/
s f
|

Periprocedural adverse events

A summary of periprocedural adverse events in each study is
included in Table 5. All but three studies reported periprocedural
adverse events (or lack of) (Hamshere 2015_IC; Hamshere 2015_IM;
Wang 2014), and a fourth study reported adverse events for
shockwave treatment but not cell therapy (Assmus 2013).

Seven studies reported adverse events associated with the
administration of G-CSF. The most common reactions were bone
or muscular pain (Honold 2012; Jimenez-Quevedo 2011; Losordo
2011;Mozid 2014_IC; Mozid 2014_IM), headache (Erbs 2005; Honold
2012), and pyrexia (Erbs 2005; Mozid 2014_IC; Mozid 2014_IM).
Two studies reported increased frequency or severity of angina, or
both associated with G-CSF administration (Losordo 2007; Losordo
2011), and one study reported that two participants developed CHF
(Losordo 2011).

Reactions associated with bone marrow aspiration were rare:
only two studies reported participants with haematomas at the
bone marrow harvest site (Patel 2005; Patel 2015). Adverse events
during the mapping or injection procedure included ventricular
tachycardia in seven participants (three cell therapy (Bartunek
2012; Mathiasen 2015; Perin 2012a), three placebo (Losordo
2007; Perin 2012b), one unknown (Mozid 2014_IM)); ventricular
fibrillationin one control participant (Perin 2012b); atrial fibrillation
in one participant (Mozid 2014_IM); and the development of
transient complete heart block periprocedure requiring temporary
pacing only in one participant (Mozid 2014 _IM).

Three cell therapy participants experienced transient pulmonary
oedema during injection of cells (Chen 2006); a thrombus
was observed in one participant on mapping catheter tip as
removed (Losordo 2011); and two participants experienced visual
disturbances: one reported double vision and dizziness during the
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injection procedure (Mathiasen 2015), and one participant with
pre-existing ophthalmic migraines experienced blurred vision after
the intervention (Bartunek 2012). Two participants experienced
a myocardial perforation: one with haemothorax (successfully
treated) (Losordo 2011), and one resulting in cardiac tamponade
followed by death (Losordo 2011). One participant experienced
a limited retrograde catheter-related dissection of the abdominal
aorta (Perin 2012a).

Serious early postoperative adverse events were rare. In the
cell therapy group, one participant died on postoperative day 7
from a perforated oesophageal ulcer complicated my mediastinitis
(Hendrikx 2006); one participant developed refractory ventricular
fibrillation five hours postoperatively and died on day 3 (Zhao
2008); and one death was reported within 30 days of treatment
(cause of death not reported but not considered to be related
to cell therapy) (Ang 2008). Postprocedural transient left bundle
branch block (resolved in 24 hours) was seen in one participant
(Perin 2011); in-hospital MI occurred in one participant (Assmus
2006); one participant suffered a stroke on postoperative day
12 (Mathiasen 2015); and one participant developed ventricular
fibrillation on day 5 but was successfully resuscitated (Zhao
2008). In the control group, one participant died on day 5 from
multiorgan failure secondary to low cardiac output syndrome
(Hendrikx 2006); one participant died on day 8 after developing
Candida sepsis following left ventricular failure (Nasseri 2012); one
participant died on day 22, no reason given (Nasseri 2012); one
participant died from suspected acute left ventricular failure six
days after discharge (Mozid 2014_IM); and one participant died
within 30 days of treatment with no reason given (Ang 2008).
Postprocedural transient left bundle branch block (resolved in 24
hours) was seen in one participant (Perin 2011); one participant
developed a pericardial effusion two days after the procedure,
and pericardiocentesis was performed (Van Ramshorst 2009); and
ventricular arrhythmia was detected during monitoring in one
participant (Assmus 2006). Transient fever but no sepsis occurred
in one control participant (Perin 2011). One study reported
that two participants (unclear which treatment arm) experienced
neurological complications but recovered (Hu 2011).

We made no formal comparisons of periprocedural adverse events
due to differences in the definition and reporting of adverse events
between studies. We acknowledge that there may be a risk of

reporting bias for this outcome, as few studies clearly defined
periprocedural events.

Secondary outcomes
Morbidity
(a) Non-fatal myocardial infarction

Twenty studies reported infarction as an outcome at short-term
follow-up (see Table 3; Table 4) (Ang 2008; Assmus 2006; Hamshere
2015_IC; Hamshere 2015_IM; Honold 2012; Hu 2011; Jimenez-
Quevedo 2011; Losordo 2007; Mathiasen 2015; Mozid 2014_IC;
Mozid 2014_IM; Perin 2011; Perin 2012a; Perin 2012b; Tse 2007; Van
Ramshorst 2009; Wang 2009; Wang 2010; Yao 2008; Zhao 2008).
There was no evidence of a difference in the risk of non-fatal Ml
between participants who received cell therapy and those who did
not (RR 0.60, 95% CI 0.17 to 2.15; participants = 881; studies = 20;
12 = 0%) (Analysis 1.2), consistent with findings when studies were
restricted to those with a low risk of selection bias (RR 0.50, 95% Cl
0.05 to 4.58; participants = 288; studies = 6; 12 = 0%) (Analysis 8.2).

Of the nine studies reporting infarction as an outcome at long-term
follow-up (Assmus 2013; Hamshere 2015_IC; Hamshere 2015_IM;
Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Honold 2012;
Losordo 2007; Losordo 2011; Patila 2014), meta-analysis showed
that cell therapy was associated with a lower risk of non-fatal MI
at long-term follow-up (RR 0.40, 95% CI 0.17 to 0.93; participants =
461; studies = 9; 12 = 0%) (Analysis 1.2). Sensitivity analysis showed
that the effect of cell therapy was robust to risk of selection bias (RR
0.38, 95% Cl 0.15 to 0.97; participants = 345; studies = 5; 12 = 0%)
(Analysis 8.2).

Trial sequential analysis

Trial sequential analysis applied to non-fatal Ml at long-term
follow-up (Figure 5) showed that the cumulative Z-curve crossed
conventional significance thresholds but not the adjusted trial
sequential monitoring boundaries, which may be indicative of
an inflated type | error rate. Furthermore, the existing evidence
falls considerably short of the required information size of 2383,
suggesting that the apparent beneficial effect of cell therapy on
non-fatal Ml at long-term follow-up based on existing evidence
lacks robustness.
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Figure 5. Trial sequential analysis: Non-fatal myocardial infarction at long-term follow-up (= 12 months). TSMB =
trial sequential monitoring boundary; horizontal red lines indicate conventional significance threshold.
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(b) Rehospitalisation due to heart failure

Ten studies reported hospital readmission for HF at short-term
follow-up (see Table 3; Table 4) (Assmus 2006; Assmus 2013;
Hamshere 2015_IC; Hamshere 2015_IM; Honold 2012; Mathiasen
2015; Mozid 2014_IC; Mozid 2014_IM; Perin 2012a; Yao 2008).
In participants who received cell therapy, 21/297 (7.0%) were
rehospitalised for HF compared with 22/185 (11.9%) who did not,
with no evidence of a difference between groups (RR 0.63, 95% ClI
0.36 to 1.12; participants = 482; studies = 10; 12 = 0%) (Analysis 1.3).

Of the 10 studies reporting this outcome at long-term follow-
up (Assmus 2013; Bartunek 2012; Hamshere 2015_IC; Hamshere
2015_IM; Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Honold
2012; Losordo 2011; Patel 2015; Patila 2014), incidences of
rehospitalisation occurred in 21/302 participants (7.0%) who
received cell therapy compared with 26/193 (13.5%) who did not

(RR 0.62, 95% Cl 0.36 to 1.04; participants = 495; studies = 10; I2 =
0%) (Analysis 1.3).

In trials with a low risk of selection bias, sensitivity analysis showed
no effect of cell therapy on rehospitalisation due to heart failure at
either short-term (RR 0.65, 95% CI 0.32 to 1.32; participants = 234;
studies = 3; 12 = 15%) or long-term follow-up (RR 0.63, 95% Cl 0.36
to 1.09; participants = 375; studies = 6; 12 = 0%) (Analysis 8.3).

Trial sequential analysis

Trial sequential analysis applied to rehospitalisation due to HF
at long-term follow-up (Figure 6) showed that the cumulative Z-
curve crossed neither the conventional significance thresholds nor
the adjusted trial sequential monitoring boundaries. The existing
evidence from 345 participants falls considerably short of the
required information size of 1193 to draw reliable conclusions
about the effect of cell therapy on rehospitalisation for HF.
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Figure 6. Trial sequential analysis: Rehospitalisation due to heart failure at long-term follow-up (= 12 months).
TSMB = trial sequential monitoring boundary; horizontal red lines indicate conventional significance threshold.
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(c) Incidence of arrhythmias

Twenty-four studies reported arrhythmias as an outcome at short-
term follow-up (see Table 3; Table 4), although one study reported
arrhythmias as the number of cumulative events rather than
incidence (Wang 2015), and another included nine participants in
the control group who were randomised to the treatment arm
(Bartunek 2012), and was therefore excluded from the analysis. In
trials that defined arrhythmia, the majority reported ventricular
arrhythmia (ventricular tachycardia or ventricular fibrillation); two
trials reported incidences of atrial fibrillation (Hu 2011; Mathiasen
2015). In the remaining 22 studies, 11 reported incidences of
arrhythmias (Assmus 2006; Hamshere 2015_IC; Hamshere 2015_IM;
Jimenez-Quevedo 2011; Losordo 2007; Mathiasen 2015; Mozid
2014_IM; Perin 2012b; Santoso 2014; Wang 2010; Zhao 2008).
Arrhythmias occurred in 11/550 participants (2.0%) who received
celltherapy compared with 12/409 (2.9%) who did not (RR 0.70,95%
Cl 0.33 to 1.45; participants = 959; studies = 22; 12 = 0%) (Analysis
1.4). In trials with a low risk of selection bias, sensitivity analysis
showed no effect of cell therapy on incidence of arrhythmias at
short-term follow-up (RR 0.77, 95% Cl 0.18 to 3.21; participants =
224; studies = 6; 12 = 0%) (Analysis 8.4).

Of five studies reporting incidences of arrhythmia at long-term
follow-up (Assmus 2013; Hamshere 2015_IC; Hamshere 2015_IM;
Hu 2011; Losordo 2007), 8/199 participants (4.0%) in the cell
therapy group experienced arrhythmias compared with 16/164
(9.8%) in the control group (RR 0.46, 95% CI 0.22 to 0.97,
participants = 363; studies = 7; 12 = 0%) (Analysis 1.4); this finding
occurred in one study with a low risk of selection bias (RR 0.42, 95%
C10.18 to 0.99; participants = 82; studies = 1; 12 = 0%) (Analysis 8.3).

Trial sequential analysis

Trial sequential analysis applied to incidence of arrhythmias at
long-term follow-up (Figure 7) showed that the cumulative Z-curve
from a single trial with a low risk of selection bias crossed the
conventional significance thresholds but not the adjusted trial
sequential monitoring boundaries. The evidence from this single
trial of 82 participants falls considerably short of the required
information size of 461 to draw reliable conclusions about the effect
of cell therapy on incidence of arrhythmias.
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Figure 7. Trial sequential analysis: Arrhythmias at long-term follow-up (= 12 months). TSMB = trial sequential
monitoring boundary; horizontal red lines indicate conventional significance threshold.
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(d) Composite measure of mortality, non-fatal Ml, and
rehospitalisation for HF

Nine studies reported composite measures of major adverse
clinical events, defined here as mortality, non-fatal MI, and
rehospitalisation for HF (see Table 3; Table 4), of which
seven reported the composite of mortality, non-fatal MI, and
rehospitalisation for HF (Assmus 2006; Assmus 2013; Hamshere
2015_IC; Hamshere 2015_IM; Heldman 2014_BMMNC; Heldman
2014_BM-MSC; Hu 2011; Mozid 2014_IC; Mozid 2014_IM). One
study defined composite major adverse clinical events (MACE)
as cardiovascular death, non-fatal Ml, ischaemic stroke, need for
revascularisation, and procedure-related complications (Jimenez-
Quevedo 2011), and another reported the composite of death,
MI, urgent revascularisation, worsening HF, and acute coronary
syndrome (Losordo 2011); we excluded these studies from
analyses. There was no evidence of a difference between treatment
arms at either short-term (RR 0.51, 95% CI 0.18 to 1.42; participants

=288; studies = 8; 12 = 0%) or long-term follow-up (RR 0.68, 95% ClI
0.41 to 1.12; participants = 201; studies = 5; 12 = 0%) (Analysis 1.5).
These findings were consistent with those from sensitivity analyses
of studies with a low risk of selection bias at long-term follow-up
(RR0.64,95% C1 0.38 to 1.08; participants = 141; studies = 3; 12 = 0%)
(Analysis 8.5). No studies at low risk of selection bias reported this
outcome.

Trial sequential analysis

Trial sequential analysis applied to the composite measure of MACE
at long-term follow-up (Figure 8) showed that the cumulative Z-
curve crossed neither the conventional significance thresholds nor
the adjusted trial sequential monitoring boundaries. The existing
evidence from 141 participants falls considerably short of the
required information size of 431 to draw reliable conclusions about
the effect of cell therapy on rehospitalisation for HF.
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Figure 8. Trial sequential analysis: Composite MACE at long-term follow-up (= 12 months). TSMB = trial sequential
monitoring boundary; horizontal red lines indicate conventional significance threshold.
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Quality of life The number of studies reporting this outcome precluded further

(a) Minnesota Living with Heart Failure Questionnaire (MLHFQ)

Seven studies reported MLHFQ scores as a measure of quality of
life (Bartunek 2012; Heldman 2014_BMMNC; Heldman 2014_BM-
MSC; Nasseri 2012; Patel 2015; Perin 2011; Pokushalov 2010),
although one study reported results graphically as the percentage
of participants showing improvement or deterioration (Bartunek
2012), another reported summary results only (Patel 2015), and in
a third study, it was unclear whether mean or median values were
reported (Nasseri 2012) (see Table 3; Table 6).

At short-term follow-up, two studies reported MLHFQ values at
endpoint (Perin 2011; Pokushalov 2010), and two reported mean
change from baseline values (Heldman 2014_BMMNC; Heldman
2014_BM-MSC). Combined analysis showed that quality of life
measured by the MLHFQ was higher in participants who had
received cell therapy than in those who had not (mean difference
(MD) -18.96, 95% CI -31.97 to -5.94; participants = 197; studies
= 4; 12 = 68%) (Analysis 1.6). All but one of these studies also
reported MLHFQ at long-term follow-up (Perin 2011), but there
was insufficient evidence to show that the difference observed at
short-term follow-up was maintained over long-term follow-up (MD
-17.80,95% CI-39.87 to 4.26; participants = 151; studies = 3; 12=93%)
(Analysis 1.7).

investigation of the substantial observed heterogeneity at both
short-term and long-term follow-up through subgroup analyses.

(b) Seattle Angina Questionnaire (SAQ)

Five studies reported quality of life measured by the SAQ (Jimenez-
Quevedo 2011; Losordo 2007; Losordo 2011; Mathiasen 2015;
Van Ramshorst 2009), although two studies presented results
graphically (Losordo 2007; Mathiasen 2015), and one reported
median values (Jimenez-Quevedo 2011) (see Table 3; Table 6).
Evidence from two studies that reported mean change from
baseline values found a higher quality of life associated with cell
therapy (MD 9.34, 95% Cl 2.62 to 16.07; participants = 211; studies
=2;12=16%) (Analysis 1.8) (Losordo 2011; Van Ramshorst 2009). A
single study reporting mean change in SAQ values from baseline at
long-term follow-up found no difference between treatment arms
(Losordo 2011).

Other reported measures of quality of life included the 36-ltem
Short Form Health Survey (SF-36) physical and mental scores (Perin
2011), SF-36 (eight dimensions) (Patila 2014), and the Kansas City
Cardiomyopathy Questionnaire (Mathiasen 2015).
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(c) Angina frequency

Seven studies measured angina frequency, which has been shown
to be strongly associated with health-related quality of life
outcomes in people with chronic heart disease (Arnold 2014), and
can therefore be considered a surrogate measure of quality of life.
Angina frequency was reported as the number of episodes per
day (Pokushalov 2010), per week (Losordo 2007; Losordo 2011,
Mathiasen 2015; Wang 2009; Wang 2010), or per month (Jimenez-
Quevedo 2011) (see Table 3; Table 6). One study reported median
values at endpoint (Jimenez-Quevedo 2011), and another reported
results graphically (Mathiasen 2015). Meta-analysis of four studies
reporting angina frequency at follow-up showed that participants
who received cell therapy experienced fewer episodes of angina
per week than the control group (MD -6.96, 95% Cl -11.99 to
-1.93; participants = 396; studies = 4; 12 = 44%), although we
observed no difference in three studies reporting mean change
from baseline values (MD -1.77,95% Cl -14.61 to 11.08; participants
= 167; studies = 3; 12 = 76%) (Analysis 1.9). There were insufficient
studies to explore potential reasons for the substantial observed
heterogeneity through subgroup analyses.

Only one study reported angina frequency at long-term follow-
up; this study reported fewer angina episodes associated with cell
therapy (Pokushalov 2010).

Performance status
(a) New York Heart Association (NYHA) classification

Twenty-three studies reported NYHA classification at short-term
follow-up (see Table 3; Table 6). Two studies reported results
graphically (Bartunek 2012; Mathiasen 2015); one study reported
the number of participants in NYHA class lll or IV (Ang 2008);
two studies only reported summary results (Santoso 2014; Wang
2014); and in one study there was only one participant in the
control group (Mozid 2014_IC); we have therefore excluded these
studies from meta-analysis. In 17 studies reporting mean NYHA
class at short-term follow-up (Assmus 2006; Assmus 2013; Chen
2006; Hamshere 2015_IC; Hamshere 2015_IM; Honold 2012; Mozid
2014_IM; Nasseri 2012; Patel 2005; Perin 2011; Perin 2012a;
Perin 2012b; Pokushalov 2010; Trifunovic 2015; Tse 2007; Turan
2011; Zhao 2008), combined meta-analysis of mean change from
baseline and endpoint values showed cell therapy to be associated
with a lower NYHA classification (MD -0.44, 95% Cl -0.84 to
-0.05; participants = 741; studies = 17; 12 = 97%). This was also
demonstrated in the analysis of endpoint values only (MD -0.42,
95% Cl -0.84 to -0.00; participants = 658; studies = 16; 12 = 97%),
but not in four studies that reported mean change from baseline
values (MD -0.56, 95% Cl -1.49 to 0.36; participants = 239; studies
= 4; |12 = 95%) (Analysis 1.10). Sensitivity analysis omitting those
studies with a high or unclear risk of selection bias indicated that
the difference in NYHA class between treatment groups in favour of
cell therapy may be subject to selection bias (MD -0.26, 95% CI -0.59
to 0.07; participants = 277; studies = 5; 12 = 79%) (Analysis 8.6).

Eleven studies reported NYHA class at long-term follow-up,
although two studies only reported the number of participants
who improved or worsened (Heldman 2014_BMMNC; Heldman
2014_BM-MSC). Meta-analysis of nine studies showed that a lower
NYHA class was associated with cell therapy (MD -0.81, 95% CI -1.23
to -0.39; participants = 346; studies = 9; 12 = 93%) (Analysis 1.11)
(Chen 2006; Hamshere 2015_IC; Hamshere 2015_IM; Honold 2012;

Patel 2015; Patila 2014; Pokushalov 2010; Trifunovic 2015; Turan
2011). Thisimprovement in NYHA class associated with cell therapy
was demonstrated in one study with a low risk of selection bias (MD
-2.20, 95% CI -2.70 to -1.70; participants = 39; studies = 1; 12 = 0%)
(Analysis 8.7).

Subgroup analyses

In view of the high level of heterogeneity across studies measuring
NYHA class at both short- and long-term follow-up, we conducted
exploratory subgroup analyses. At short-term follow-up, tests for
subgroup differences showed no difference in the effect of cell
therapy on NYHA class between studies grouped according to cell
dose (P = 0.69) (Analysis 2.3), baseline cardiac function (P = 0.86)
(Analysis 3.3), route of cell administration (P = 0.75) (Analysis 4.3),
cell type (P = 0.95) (Analysis 5.3), participant diagnosis (P = 0.91)
(Analysis 6.3), or use of co-interventions (P = 0.62) (Analysis 7.3).
Visualinspection of forest plots revealed two study outliers at short-
term follow-up (Patel 2005; Pokushalov 2010); however, substantial
heterogeneity (12 = 80%) remained when these two studies were
omitted from the analysis.

At long-term follow-up, the number of studies reporting NYHA
classification precluded subgroup analysis by cell dose or cell type.
We observed no differences from tests of subgroup differences
when participants were grouped according to baseline cardiac
function (P = 0.51) (Analysis 3.4), route of cell administration (P
=0.21) (Analysis 4.4), or participant diagnosis (P = 0.41) (Analysis
6.4). Of note, the mean NYHA class was significantly lower both in
participants with CIHD (MD -0.66, 95% Cl -0.91 to -0.42; participants
= 105; studies = 3; 12 = 0%) and participants with HF secondary to
IHD (MD -0.92, 95% CI -1.47 to -0.37; participants = 241; studies = 6;
I2=93%) when compared to the respective control groups (Analysis
6.4).

Trial sequential analysis

Trial sequential analysis of NYHA class at short-term follow-up
showed that the cumulative Z-curve did not cross the threshold
for significance despite exceeding the information size of 522
participants required to detect a mean difference in NYHA class of 1.
However, the required information size to detect a small difference
would be substantially higher (e.g. 2025 participants would be
required to detect a mean difference in NYHA class between groups
of 0.5). Over long-term follow-up, the cumulative Z-curve crossed
the adjusted trials sequential monitoring boundaries, although the
required information size of 380 to detect a difference between
groups of 1 was not reached. Further evidence is required before
this result can been considered robust.

(b) Canadian Cardiovascular Society (CCS) angina classification

Twenty studies reported CCS angina classification (see Table
3; Table 6). However, mean values at follow-up or as change
from baseline values were not available in seven studies: one
reported median values (Jimenez-Quevedo 2011); one reported
results graphically (Mathiasen 2015); one reported the number of
participants with CCS class greater than 2 (Ang 2008); one reported
the percentage of participants who changed CCS class (Losordo
2011); two reported results pooled across multiple trial arms (Mozid
2014_1C; Mozid 2014_IM); and one reported summary results only
(Patel 2015).
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At short-term follow-up, combined meta-analysis of 13 studies
found no difference in mean CCS class at follow-up between
participants who had received cell therapy and those who had not
(MD -0.43, 95% CI -0.92 to 0.06; participants = 608; studies = 13; |2
=94%) (Analysis 1.12). Similarly, there was no difference between
treatment arms at long-term follow-up in three studies (all of which
reported mean CCS class at endpoint) (MD -0.58, 95% CI -2.04 to
0.88; participants = 142; studies = 3; 12 = 99%) (Analysis 1.13).

Subgroup analyses

We observed substantial heterogeneity at short- and long-term
follow-up. Exploratory subgroup analyses of CCS class at short-
term follow-up revealed no differences between studies grouped
according to cell dose (P = 0.64) (Analysis 2.4), baseline cardiac
function (P = 0.82) (Analysis 3.5), route of cell administration (P =
0.50) (Analysis 4.5), cell type (P =0.79) (Analysis 5.4), or participant
diagnosis (P = 0.27) (Analysis 6.5). Although we observed no
difference in CCS class between treatment groups at short-term
follow-up overall, subgroup analysis showed that in five studies of
refractory angina (Losordo 2007; Tse 2007; Van Ramshorst 2009;
Wang 2009; Wang 2010), a higher CCS class was observed in
participants who had received cell therapy compared with those
who had not (MD -0.78, 95% Cl -1.44 to -0.11; participants = 245;
studies = 5; 12 = 74%) (Analysis 6.5).

(c) Exercise capacity

Twenty-one studies reported exercise capacity (see Table 3; Table
6). Measures of exercise capacity included an exercise tolerance test
measured as metabolic equivalents, in Chen 2006 and Jimenez-
Quevedo 2011, or as time in minutes (Losordo 2007; Wang 2009;
Wang 2010), seconds (Losordo 2011), log seconds (Tse 2007),
or unspecified (Jimenez-Quevedo 2011); a bicycle test measured
as maximum O, update, in Erbs 2005 and Honold 2012, or by
workload (Van Ramshorst 2009); and by a five-minute, in Wang
2014, or six-minute walk test measured as distance (Bartunek
2012; Heldman 2014_BMMNC; Heldman 2014_BM-MSC; Hu 2011;
Mathiasen 2015; Nasseri 2012; Perin 2012a; Pokushalov 2010;
Santoso 2014; Trifunovic 2015). All but five trials reported either
mean values at follow-up or mean change from baseline values.
One study reported data as median values (Jimenez-Quevedo
2011); one reported results graphically (Mathiasen 2015); two
reported summary descriptive results only (Santoso 2014; Wang
2014); and in one study it was unclear whether mean or median
values were reported (Nasseri 2012).

We have described results for exercise capacity using the
standardised mean difference, allowing outcomes of different
measurement scales to be combined in a meta-analysis. This
method of analysis does not allow mean change from baseline and
endpoint data to be combined, and we therefore have presented
separate analyses of mean change from baseline and endpoint
data.

In 11 studies that reported exercise capacity as mean values at
follow-up (Bartunek 2012; Chen 2006; Erbs 2005; Honold 2012; Hu
2011; Perin 2012a; Pokushalov 2010; Trifunovic 2015; Tse 2007;
Van Ramshorst 2009; Wang 2010), participants who received cell
therapy showed a greater exercise capacity than those who did
not (standardised mean difference (SMD) 0.56, 95% CI 0.19 to 0.93;
participants = 563; studies = 11; I2 = 75%). Similarly, meta-analysis
of nine studies with mean change from baseline values showed

greater performance levels associated with cell therapy (SMD 0.33,
95% Cl 0.05 to 0.61; participants = 535; studies = 9; 12 = 52%)
(Analysis 1.14) (Heldman 2014_BMMNC; Heldman 2014_BM-MSC;
Hu 2011; Losordo 2007; Losordo 2011; Tse 2007; Van Ramshorst
2009; Wang 2009; Wang 2010).

We also saw the difference in performance levels between
participants who had received cell therapy and the control group
at long-term follow-up, in five studies that reported mean values at
endpoint (SMD 1.14, 95% Cl 0.04 to 2.25; participants = 178; studies
= 5; 12 = 89%) (Chen 2006; Erbs 2005; Honold 2012; Pokushalov
2010; Trifunovic 2015), and in three studies with mean change
from baseline values (SMD 0.34, 95% CI 0.07 to 0.62; participants =
227; studies = 3; 12 = 0%) (Analysis 1.15) (Heldman 2014_BMMNC;
Heldman 2014_BM-MSC; Losordo 2011).

Subgroup analyses

We investigated the substantial observed heterogeneity at short-
term follow-up through exploratory subgroup analysis. Tests for
subgroup differences found no differences in measures of exercise
performance at follow-up between studies grouped according to
celldose (P=0.72) (Analysis 2.5), baseline cardiac function (P=0.31)
(Analysis 3.6), route of cell administration (P =0.21) (Analysis 4.6), or
participantdiagnosis (P =0.40) (Analysis 6.6). The number of studies
reporting exercise capacity was insufficient to perform subgroup
analysis according to the type of cells infused.

Left ventricular ejection fraction (LVEF)

In order to limit possible heterogeneity, we have subgrouped trials
reporting LVEF by the method of measurement. Results are shown
in forest plots for the combined analyses of mean change from
baseline and endpoint values as well as separately, as described
in the Methods section. Baseline LVEF values for each trial are
given in Table 7 for each method of measurement reported. One
study measured LVEF by either single-photon emission computed
tomography (SPECT) or echocardiography and was therefore
excluded from the analyses (Patel 2005).

(a) Magnetic resonance imaging (MRI)

Fifteen studies reported LVEF measured by MRI at short-term
follow-up, although two studies reported summary results only
(Hamshere 2015_IC; Hamshere 2015_IM), and we excluded one
study, Yao 2008, from analysis due to data inconsistencies as
described above (Ang 2008; Assmus 2013; Erbs 2005; Hendrikx 2006;
Honold 2012; Hu 2011; Mathiasen 2015; Nasseri 2012; Santoso 2014;
Tse 2007; Van Ramshorst 2009; Wang 2014). Meta-analysis showed
that cell therapy was associated with improved LVEF at short-term
follow-up (MD 2.92, 95% ClI 1.03 to 4.82; participants = 439; studies
=12;12=64%). This was also demonstrated in separate analyses of
nine studies with mean change from baseline data (MD 4.05, 95% ClI
2.55 to 5.55; participants = 308; studies = 9; 12 = 33%), but not in 10
studies that reported mean LVEF values at follow-up (MD 3.01, 95%
Cl-0.05 to 6.07; participants = 352; studies = 10; 12 = 59%) (Analysis
1.16).

Sensitivity analysis excluding studies with a high or unclear
risk of selection bias confirmed the improved LVEF observed in
participants who had received cell therapy compared with those
who had not (MD 2.92, 95% ClI 0.67 to 5.17; participants = 249;
studies = 7; 12 = 63%) (Analysis 8.8).
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Six studies reported LVEF measured by MRI at long-term follow-up,
although two reported results graphically (Heldman 2014_BMMNC;
Heldman 2014_BM-MSC). Meta-analysis of the remaining four
studies showed cell therapy to be associated with higher LVEF
values (combined analysis: MD 4.38, 95% Cl 0.82 to 7.93;
participants=110; studies=4;12=17%) (Erbs 2005; Honold 2012; Hu
2011; Patila 2014), although this was not demonstrated in separate
analyses of mean LVEF at endpoint and mean change from baseline
values (Analysis 1.17), and was not found in one study with a low
risk of selection bias (MD -1.60, 95% CI -8.70 to 5.50; participants =
25; studies = 1; 12 = 0%) (Analysis 8.9).

Subgroup analyses

In view of the substantial heterogeneity observed at short-term
follow-up, we performed exploratory subgroup analyses. Tests for

subgroup differences revealed no differences between subgroups
defined by cell dose (P = 0.08) (Analysis 2.6), baseline cardiac
function (P = 0.38) (Analysis 3.7), route of cell administration (P =
0.46) (Analysis 4.7), cell type (P = 0.95) (Analysis 6.7), or use of co-
interventions (P = 0.42) (Analysis 7.4).

Trial sequential analysis

Trial sequential analysis of LVEF at long-term follow-up based on
evidence from a single trial with low risk of selection bias showed
that the cumulative Z-curve crossed neither the conventional
threshold nor the adjusted trials sequential monitoring boundaries
(Figure 9). The available evidence from 25 participants falls
considerably short of the required information size of 322
participants.

Figure 9. Trial sequential analysis: Left ventricular ejection fraction measured by MRI at long-term follow-up (=
12 months). TSMB = trial sequential monitoring boundary; horizontal red lines indicate conventional significance
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(b) Echocardiography

Twelve studies reported LVEF measured by echocardiography
at short-term follow-up, although one reported median values
(Jimenez-Quevedo 2011), and two studies, Nasseri 2012 and
Patel 2015, reported results graphically (Bartunek 2012; Jimenez-
Quevedo 2011; Nasseri 2012; Patel 2015; Perin 2011; Perin 2012a;
Perin 2012b; Pokushalov 2010; Trifunovic 2015; Van Ramshorst

2009; Wang 2015; Zhao 2008). Meta-analysis of nine studies showed
cell therapy to be associated with LVEF (combined analysis: MD
5.71,95% Cl 4.29 to 7.13; participants = 470; studies = 9; 12 = 28%)
(Analysis 1.18). This was also observed in separate analyses of mean
LVEF values at follow-up (MD 5.16, 95% Cl 2.87 to 7.44; participants
=388; studies = 8; 12 = 64%) and mean change from baseline values
(MD 3.47,95% CI 1.59 to 5.34; participants = 161; studies = 3; 12 = 0%)
(Analysis 1.18).
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At long-term follow-up, five studies reported LVEF measured by
echocardiography, although one reported results graphically (Patel
2015), and one did not report any measures of variation (Patel
2005). Meta-analysis of three studies showed that the improvement
in LVEF associated with cell therapy extended to long-term follow-
up (MD 7.96, 95% ClI 6.39 to 9.54; participants = 154; studies = 3; |2
=6%) (Analysis 1.19).

(c) Single-photon emission computed tomography (SPECT)

Five studies reported LVEF measured by SPECT at short-term
follow-up (Chen 2006; Jimenez-Quevedo 2011; Patel 2015; Perin
2011; Van Ramshorst 2009), although one study reported median
values (Jimenez-Quevedo 2011). Meta-analysis of the remaining
four studies showed cell therapy to be associated with improved
LVEF when measured by SPECT (MD 5.22, 95% Cl 2.60 to 7.85;
participants = 145; studies = 4; 12 = 0%) (Analysis 1.20). Only two
studies reported LVEF measured by SPECT at long-term follow-
up (Chen 2006; Van Ramshorst 2009): we observed no difference
in LVEF between participants who had received cell therapy and
controls (MD 0.28, 95% Cl -2.48 to 3.03; participants = 88; studies =
2;12=0%) (Analysis 1.21).

(d) Left ventricular (LV) angiography

Seven studies reported LVEF measured by LV angiography (Assmus
2006; Assmus 2013; Honold 2012; Jimenez-Quevedo 2011; Perin
2011; Perin 2012b; Turan 2011), although one study reported
median values (Jimenez-Quevedo 2011). Meta-analysis showed
that cell therapy improved LVEF at short-term follow-up (MD 2.00,
95% Cl 0.53 to 3.46; participants = 250; studies = 6; 12 = 33%). We
observed this result in separate analysis of both mean LVEF at
follow-up (MD 3.18,95% Cl 0.39 to 5.97; participants = 265; studies =
6;12=7%) and mean change in LVEF from baseline (MD 1.72,95% Cl
0.50 to 2.95; participants = 181; studies = 4; 12 = 18%) (Analysis 1.22).
Only one study reported LVEF measured by LV angiography at long-
term follow-up (Turan 2011): this study found higher LVEF values at
long-term follow-up in participants who had received cell therapy
compared with those who had not (MD 6.00, 95% CI 0.81 to 11.19;
participants = 49; studies = 1; 12 = 0%) (Analysis 1.23).

DISCUSSION

Mortality rates following MI have decreased in recent years due to
state-of-the-art revascularisation procedures and optimal medical
care (Hartwell 2005). Consequently, the incidence of HF secondary
to IHD is increasing. RCTs involving the administration of cell
therapies as adjunctive therapies to revascularisation for patients
with chronic IHD and HF have developed over the last 15 years
(for review see Afzal 2015; Fisher 2014; Jeevanantham 2012). We
have updated the original version of this review (Fisher 2014),
incorporating data from 15 new trials to increase the quality of
available evidence and draw more robust conclusions.

Trials compared cell therapy to no cells (control or placebo) and
administered standard primary interventions consisting of medical
therapy only or medical therapy and revascularisation (PCI or
CABG) or shockwave. Included participants were diagnosed with
chronic IHD, generally including chronic symptoms of ischaemia
that persisted for at least 30 days since the last MI, HF secondary
to IHD, or refractory angina. Cell type and dose administered and
route of administration are detailed in Table 2. All trials reported
short-term follow-up of between three and six months, and 17 trials

reported follow-up of 12 months and longer. We defined mortality
and adverse events as primary outcomes and morbidity, composite
measure of mortality, non-fatal MI, and rehospitalisation for HF;
performance status; health-related quality of life measures; and
LVEF as secondary outcomes.

Summary of main results

This update includes 38 RCTs with a total of 1907 participants
(1114 cell therapy, 793 no cell therapy). We have drawn the main
conclusions of this version of the review from those studies with a
low risk of selection bias; they are as follows.

1. We found low-quality evidence that cell therapy reduces the
risk of all-cause mortality at long-term follow-up in people with
CIHD, HF secondary to IHD, and refractory angina. However,
trial sequential analysis showed that this result may be subject
to an inflated type | error rate. The available evidence has not
met the overall number of participants required to draw robust
conclusions (the information size); a further large trial of around
1899 participants is required before this result can be considered
robust and conclusive.

2. Periprocedural adverse events were infrequent, and serious
adverse events were rare.

3. Analysis of morbidity produced low-quality evidence that
cell therapy may reduce the risk of both non-fatal MI and
arrhythmias at long-term follow-up. However, as for mortality,
these findings may be subject to an inflated type | error rate. Trial
sequential analysis showed that the available evidence has not
met the number of participants (2383 for non-fatal Ml and 461 for
arrhythmias) required to draw robust conclusions. The current
evidence does not support a beneficial effect of cell therapy on
rehospitalisation for HF or morbidity defined as a composite
measure of mortality, non-fatal MI, and rehospitalisation for HF.

4. In studies with a low risk of selection bias, we found no effect of
cell therapy for either mortality or morbidity outcomes at short-
term follow-up.

5. Cell therapy is associated with an improvement in LVEF
measured by MRI at short-term follow-up, but not at long-term
follow-up. Trial sequential analysis of LVEF at long-term follow-
up showed that the evidence is not robust, as the meta-analysis
did not reach the required information size of 322 participants.

6. Quality of life and performance status outcomes were
infrequently reported, often with different measures used for
different participant diagnoses, and with limitationsin reporting
(e.g. different summary measures reported, results reported
graphically), minimising the data available for formal meta-
analysis, therefore results should be interpreted with caution.

7. Subgroup analyses found no evidence for differences in the
effect of cell therapy between subgroups when studies were
grouped according to cell dose, route of cell administration, cell
type, participant diagnosis, or use of co-interventions. Notably,
cell therapy was effective on long-term mortality irrespective
of participant diagnosis (CIHD, HF secondary to IHD, refractory
angina) and irrespective of whether co-interventions were used.

Overall completeness and applicability of evidence

We found low-quality evidence that cell therapy is associated with
a reduced risk of mortality over long-term follow-up, although
more evidence is required before this finding can been considered
robust. The number of studies reporting morbidity outcomes was
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generally low. There was evidence that cell therapy reduces the
risk of non-fatal MI and arrhythmias during long-term follow-up,
but meta-analyses were underpowered due to the number of
included studies (and participants), as well as the low number of
observed events. Composite measures of mortality and morbidity
are infrequently reported, despite the increased statistical power
obtained from such measures.

We detected no differences between different cell types, doses, or
routes of administration. This contrasts with a recent systematic
review that found evidence of greater efficacy associated with
more than 50 million cells in a combined analysis of trials
of both AMI and IHD (Afzal 2015), although it should be said
that the subgroup analyses performed here were considerably
underpowered to detect subgroup effects, with few studies in each
group. Notably, subgroup analysis by participant diagnosis showed
that cell therapy appears to reduce the risk of long-term mortality
in people with the following diagnoses: chronic IHD, HF secondary
to IHD, and refractory angina, and is also effective both in people
who are given co-interventions (PCl, CABG, or shockwave) and in
those who receive no such co-interventions.

We have included trial sequential analysis in the present update
of this systematic review. We acknowledge that the assumption of
a relative risk reduction in mortality of 35% is arbitrary and only
compares with the effect size associated with revascularisation
using PCl. This may indeed seem optimistic, considering the
expectation that cell therapies may have a more modest effect.
However, if we consider a relative risk reduction in mortality of 25%
as an acceptable clinically relevant effect (Yusuf 2002), clearly the
required meta-analysis information size will increase.

This systematic review and meta-analysis aimed at evaluating
the clinical effect of cell therapies in IHD and HF because these
outcomes are more likely to be free of risk of performance bias.
However, this review also reports changes in LVEF as a surrogate for
heart function. Although a great majority of included trials report
LVEF as an outcome measure, its use as surrogate for heart function
is questionable in the setting of heart failure. Changes in LV volumes
(LVESV and LVEDV) may be more meaningful measures to assess
the effect of these therapies on heart function. Future trials and
future updates of this systematic review should report changes in
LV volume in preference to LVEF.

Quality of the evidence

Although the summary of findings is promising, we deemed the
quality of the available evidence as low for all outcomes. The
included studies were small: only three studies included more
than 100 participants in total, and the majority were considerably
smaller, leading to a risk of small-study bias and spuriously
inflated effect sizes. Furthermore, where pooling of trial results was
possible, meta-analytical findings were based on small numbers
of events (e.g. 93 deaths out of 1010 participants, 22 non-fatal
Mls out of 461 participants, 47 rehospitalisations for HF out of
495 participants over long-term follow-up), with the composite
measure of mortality, non-fatal MI, and rehospitalisation for HF
reported in only five studies.

We have conducted subgroup analyses as defined in the protocol
of the review. However, results from subgroup analyses should be
considered with caution, as the number of studies in each subgroup
and the number of events were reduced even further.

The GRADE approach aims to evaluate the quality of the evidence
for each major outcome. It also takes into consideration results
from the trial sequential analyses (see Summary of findings for the
main comparison). For the outcomes of mortality, morbidity, and
LVEF, we deemed the quality of the evidence as generally low due to
imprecision, as the required information size had not been reached.
We further downgraded quality due to the risk of bias from a lack of
blinding, a high attrition rate, and commercial sponsorship of some
studies.

Overall, the results of this systematic review should be interpreted
with caution, as it appears that for most outcomes the meta-
analyses were underpowered to detect the expected treatment
effect. Larger, adequately powered studies are needed to confirm
these results. As suggested by trial sequential analyses, a further
trial of approximately 700 participants with long-term mortality
data may be needed to reach the required information size of 1899
participants based on a relative risk reduction of 35%. Similarly, the
number of participants with long-term follow-up of LVEF measured
by MRI (currently only 25 participants in one study with a low risk
of selection bias) falls considerably short of the information size
required to detect an improvement in LVEF of 4% (322 participants).

Potential biases in the review process

This systematic review was based on a comprehensive search
strategy. We undertook formal tests for publication bias for
the primary outcome of mortality and found no evidence of
asymmetry, but we accept that the possibility of publication and
reporting bias cannot be ruled out completely. There was a risk of
small-study bias, as all included studies were small (as discussed
above), which could lead to spurious inflated results.

Risk of bias was present in the included trials, as summarised
in Figure 2. We assessed the robustness of results for outcomes
that showed evidence of a beneficial effect of cell therapy through
sensitivity analyses, restricting analyses to those studies with a low
risk of selection, performance, and attrition bias. Our summary of
findings and conclusions are based only on those studies with a low
risk of selection bias.

The reporting and analysis of multiple outcomes considered in
this review could increase the likelihood of observing type |
(false positives) or type Il (false negatives) random errors due to
multiple testing. In order to reduce the chance of observing random
errors, we have applied trial sequential analysis to major outcome
measures and have reported the information size required to give
robust and conclusive findings.

Finally, although the review authors have limited the selection
of studies to those administering bone marrow-derived cells,
variation remains in the type of cells utilised among the various
clinical trials (e.g. bone marrow mononuclear cells, bone marrow
mesenchymal stromal cells), which may be a potential source of
bias.

Agreements and disagreements with other studies or
reviews

In this Cochrane review update we have focused on the outcomes
of mortality and periprocedural adverse events. Our results suggest
that cell therapy may reduce the risk of long-term mortality
in people with IHD and congestive HF and that there are no
major adverse events associated with the treatment. This is in
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agreement with the original version of the review, Fisher 2014,
and other previous systematic reviews (Fisher 2015b; Wen 2011,
Xu 2014). However, our data is discordant with results obtained
in systematic reviews and meta-analysis where cell therapies have
been administered to people with AMI (de Jong 2014; Delewi 2014;
Fisher 2015a; Gydngydsi 2015). This suggests that people with
chronic IHD or HF, or both may benefit more from such treatments
than AMI patients.

The efficacy of cell therapy in reducing LVEF is consistent with
the findings of a recent review of 11 systematic reviews of cell
therapy, which reported that the mean difference in change from
baseline LVEF between treatment groups (random-effects) ranged
from 2.6% to 5.6% across the included systematic reviews, and that
meta-analytical results were broadly similar irrespective of how
follow-up was defined and which patient population was studied
(Harvey 2015). However, in a recent trial sequential analysis of HF
trials (Fisher 2016), no difference in LVEF was observed between
treatment arms, and the available evidence led us to reject the
hypothesis of a mean difference in change from baseline LVEF of 4%
between treatment arms in this patient cohort.

These apparently conflicting results are certainly intriguing. Could
the effect of cell therapy be reduced in the presence of co-
interventions? Of the eight trials included in the trial sequential
analysis of LVEF (Fisher 2016), all but two (accounting for over
70% of the analysed participants) administered co-interventions
(CABG: 4 trials, PCI: 1 trial, shockwave: 1 trial), whereas in the
current review, these co-interventions were only administered in 11
out of 39 studies (28.5% of participants). Meta-analyses of people
with HF with no option for revascularisation and refractory angina
have reported significantly improved LVEF associated with cell
therapy (Fisher 2013; Khan 2016). Here, we found no evidence for
subgroup differences in the effect of cell therapy on outcomes
between studies that administered co-interventions and those that
did not, although the subgroup analyses here were considerably
underpowered, and it is worth noting that the estimated effect size
for both mortality and LVEF was smaller in participants who had
received co-interventions. We regard this possible explanation as
hypothesis-generating, and potential differences in the efficacy of
cell therapy between studies that administer co-interventions and
those that do not should be considered in the design of future trials
and systematic reviews.

Limitations of the review

Our conclusions are based on evidence that is of low quality due
to the lack of precision for the majority of reported outcomes and
possible small-study bias, as well as risk of bias due to lack of
blinding, high levels of attrition, and commercially funded trials.
The information size derived from trial sequential analyses for key
outcomes showed that meta-analyses are currently considerably
underpowered, and further large randomised trials are needed
before findings can been considered to be robust and conclusive.

The aim of this review was to assess the effect of cell therapies on
main clinical outcomes, because these are less likely to be affected
by risk of performance bias (blinding). We have assessed all-cause
mortality. Our predefined outcomes did not include cardiac-related
mortality; this will be considered as an outcome in future updates
of the review.

We have summarised any periprocedural adverse events reported
in individual studies descriptively and concluded that serious
periprocedural adverse events are rare. A formal assessment
of cumulative adverse events related to cell therapy, both
periprocedurally and over long-term follow-up, is beyond the scope
of this review.

In summary, the results of this review may be clinically relevant,
but the evidence for the reduction in the number of deaths
with cell treatment relative to controls needs to be confirmed
in larger clinical trials. To this end, the first Phase Il/Ill and
Phase Il clinical trials for severe IHD (NCT00362388; NCT00747708;
NCT01727063), HF (NCT01768702), and refractory angina are
currently ongoing (NCT01508910). Research should also focus on a
better understanding of the best types of cells to use and why some
people respond to treatment and others do not.

AUTHORS' CONCLUSIONS

Implications for practice

This review and meta-analysis provides evidence for a reduction
in all-cause mortality at both short- and long-term follow-up (12
months and over) when cell therapy is administered to people
with chronic ischaemic heart disease or congestive heart failure.
However, we deemed the quality of evidence as low, and results
need to be confirmed in larger, appropriately powered randomised
clinical trials with appropriate generation and concealment of
allocation sequence and blinding of participants, clinicians, and
outcome assessors before cell-based treatment for these patients
can be developed as clinical practice.

Implications for research

The results of this systematic review should be confirmed in
large, adequately powered randomised controlled trials assessing
the clinical relevance of the treatment. All future clinical trials
should be prospectively registered and conducted appropriately
to minimise the risk of bias in all domains (e.g. appropriate
methods of randomisation, blinding, and reporting). Itisimportant
that published trials include all variables and outcomes and that
deviations from the protocol are well documented and reported.
Outcome measures should be standardised (e.g. quality of life
outcome measures). In order to detect meaningful effects on
mortality or hospitalisation due to worsening heart failure, trials
should include follow-up of longer than six months, as 20% of
people diagnosed with heart failure die in the first year, and up to
50% in the five years following diagnosis (Go 2014). These meta-
analyses are underpowered to detect clinically relevant treatment
effects on mortality (e.g. relative risk reduction in mortality lower
than 35%). Currently, the number of participants included in these
meta-analyses falls considerably short of the required information
size, suggesting that double or triple that number may be required.
Future research should also focus on a better understanding of the
cell therapies used (e.g. mononuclear cells, circulating progenitor
cells, mesenchymal stem cells, or haematopoietic progenitor cells)
and their mechanism of action, particularly in the presence of
co-interventions. Additionally, patient-dependent outcomes need
to be more thoroughly investigated to ascertain and distinguish
between responders and non-responders, and to be able to tailor
autologous, allogeneic, or modified cell therapies to each patient

group.
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* Indicates the major publication for the study

Methods Type of study: Parallel RCT

Type of publication: Full paper

Source of funding: British Heart Foundation (grant PG04050)

Study setting: Leicester, UK
Number of centres: 1
Length of follow-up: 6 months

Number (N) of participants randomised to each arm: Intramyocardial BMSC (IM): 21; intracoronary

BMSC (IC): 21; Controls: 21

Number (N) of participants analysed (primary outcome) in each arm: 17 IM, 16 1C, 15 C

Participants
scar; elective cardiac surgery).

Description: Chronic IHD (aged 18 to 80 years; presence of at least 1 chronic, irreversible myocardial

Stem cell therapy for chronic ischaemic heart disease and congestive heart failure (Review) 53
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD007888.pub2
https://doi.org/10.1002%2F14651858.CD007888

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Ang 2008 (Continued)

Age distribution (SD) in each arm: IM: 64.7 (8.7) years; IC: 62.1 (8.7) years; Controls: 61.3 (8.3) years.
Sex (% male) in each arm: IM: 71.4%; IC: 90.5%; Controls: 90%.

Number of diseased vessels: n/r (multivessel).
Time from symptom onset to initial treatment: At least 6 weeks.
Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arms: BMSC-IM or BMSC-IC

Type of stem cells: Mononuclear cells administered intramyocardially (IM) or intracoronarily (IC)
Summary of stem cell isolation and type and route of delivery: Bone marrow aspiration followed by den-
sity gradient centrifugation to enrich in mononuclear cells, infused via the coronary artery (IC) or inject-
ed into the myocardium (IM)

Dose of stem cells: 8.6 (5.6) x 107 cells (IM); 11.5 (73) x 107 cells (IC)

Timing of stem cell procedure: Concomitant to CABG

G-CSF details: No G-CSF administered.
Comparator arm: Control (no BM aspiration; no placebo or sham procedure)

Co-intervention: CABG

Outcomes Primary outcome:

Improvement in contractile function of treated scar areas at 6 months.
Secondary outcomes:

Global left ventricular functions at 6 months (infarct size, global end-diastolic volume and end-systolic
volume, and improvement in stroke volume and LVEF).

Additional outcomes: Postoperative complications, troponin | levels within 24 hours of surgery, and
clinical evaluation (assessment of functional status and adverse events).

Outcome assessment points: Baseline and 6 months

Method(s) of outcome measurement: MRI

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk The trial was described as randomised, but the method of randomisation was
tion (selection bias) not reported.

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants High risk No placebo was administered; participants and clinicians were not blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Physicians treating the participants during the postoperative period and the
sessment (detection bias) investigators performing the examinations and interpreting the results were
All outcomes blind to which group participants had been assigned.

Incomplete outcome data  Unclear risk 2 controls (2/21) were excluded from analysis of mortality and morbidity (1x
(attrition bias) withdrawal before surgery, 1x deemed unsuitable for follow-up). 12 partici-
All outcomes pants were lost to follow-up (4 IM, 4 IC, 3 controls), and 2 died within 30 days.

MRI was performed in 33 participants, of which 4 were “not suitable for accu-
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rate analysis”. However, MRI results were only reported for 25 participants;
this discrepancy was unexplained.

Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00560742) were reported.
porting bias)

Other bias Low risk No other sources of bias were reported or identified.
Assmus 2006
Methods Type of study: Cross-over RCT

Type of publication: Full paper

Source of funding: Supported by the Deutsche ForschungsGemeinschaft (FOR 501-1: WA 146/2-1), Fon-
dation Leducq Transatlantic Network of Excellence for Cardiac Regeneration, European Union Euro-
pean Vascular Genomics Network (LSHM-CT-2003-503254), and Alfried Krupp Stiftung.

Study setting: Frankfurt, Germany

Number of centres: 1

Length of follow-up: 3 months

Number (N) of participants randomised to each arm: BMSC: 28; CPC: 24; Controls: 23

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 24; CPC: 19, Controls: 18

Participants Description: Chronic IHD (aged 18 to 80 years; Ml at least 3 months previously; well-demarcated region
of left ventricular dysfunction and a patent infarct-related artery).
Age distribution in each arm: BMSC: 59 + 12 years; CPC: 54 + 12 years; Controls: 61 + 9 years.
Sex (% male) in each arm: BMSC: 89%; CPC: 79%; Controls: 100%.

Number of diseased vessels: BMSC: 1 (n=7),2(n=13),3(n=8);CPC:1(n=7),2 (n=4),3 (n=12); Con-
trols:1(n=2),2(n=9),3(n=12).

Time from symptom onset to initial treatment: Previous Ml at least 3 months earlier. 100% participants
with previous MI.

Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arm: BMSC or CPC
Type of stem cells: Mononuclear cells or circulating progenitor cells
Summary of stem cell isolation and type and route of delivery: BMSC: 50 mL of bone marrow aspirate
was obtained under local anaesthesia on the morning of cell transplantation. Mononuclear cells were
isolated by Ficoll-gradient centrifugation. CPC: Mononuclear cell fraction was isolated by Ficoll-gradi-
ent centrifugation of 270 mL of venous blood and cultured for 3 days ex vivo. Cells were delivered intra-
coronarily in both arms of the trial.
Dose of stem cells: BMSC arm: 2.05 + 1.1 x 108 mononuclear cells. On average less than 1% were CD34-
positive cells. CPC arm: 2.2 + 1.1 x 107 mononuclear cells. No measure of CD34-positive cells in this frac-
tion.
Timing of stem cell procedure: At least 3 months after last MI. In some cases concomitant PCI.

G-CSF details: No G-CSF administered.
Comparator arm: Control (no BM aspiration; no placebo or sham procedure)

Co-intervention: Standard medical therapy; PCI (in 27% of participants)

Outcomes Primary outcome:

Change in global left ventricular function (measured by quantitative left ventricular angiography).
Secondary outcomes:

1. Quantitative parameters of regional left ventricular function of the target area
2. Changes in left ventricular volumes
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3. Functional status as assessed by NYHA classification

4. Event-free survival (defined as freedom from death, MI, stroke, or rehospitalisation for worsening HF)
after 4 months' follow-up

Outcome assessment points: Baseline and 3 months.
Method(s) of outcome measurement: LV angiography and MRI

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was performed using computerised simple random allocation
tion (selection bias) with known N. No blockwise randomisation was performed.
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants High risk No placebo was administered; participants and clinicians were not blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quantitative analysis of angiograms and MRI images was performed by an in-
sessment (detection bias) vestigator who was blinded to the individual participant's treatment.
All outcomes
Incomplete outcome data  Low risk All participants were included in the analysis of mortality and morbidity. 14
(attrition bias) participants (4x cell therapy, 5x CPC, 5x controls) were excluded from MRI/an-
All outcomes giography and functional status at follow-up, with reasons given for all exclu-
sions.
Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00289822) were reported.
porting bias)
Other bias Low risk No other sources of bias were reported or identified.
Assmus 2013
Methods Type of study: Parallel RCT

Type of publication: Full paper; abstract (long-term follow-up)
Source of funding: Supported by an unrestricted grant to the Goethe University Frankfurt from t2cure
GmbH.

Study setting: Langen, Germany

Number of centres: 1

Length of follow-up: 45.7 (17) months

Number (N) of participants randomised to each arm: BMSC: 43 (22 LD (low-dose shockwave), 21 HD
(high-dose shockwave)); Controls: 39 (20 LD, 19 HD)

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 41 (21 LD, 20 HD); Controls:
38 (19 LD, 19 HD)

Participants

Description: Chronic ischaemic HF (aged 18 to 80 years; anterior Ml occurring 3 months or more prior
to inclusion and stable chronic postinfarction HF defined by LVEF less than 50% or symptoms of NYHA
class Il or greater; a patent vessel supplying the target region).
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Age distribution in each arm: BMSC: 65 (12) (LD), 58 (11) (HD); Controls: 60 (10) (LD), 63 (10) (HD).
Sex (% male) in each arm: BMSC: 77% (LD), 86% (HD); Controls: 80% (LD), 90% (HD).

Number of diseased vessels: Not reported.
Time from symptom onset to initial treatment: Not reported.
Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arm: BMSC
Type of stem cells: Mononuclear cells
Summary of stem cell isolation and type and route of delivery: 50 mL of bone marrow was aspirated in-
to heparin-containing syringes from the iliac crest under local anaesthesia. Mononuclear cells were iso-
lated and enriched with the use of Ficoll-Hypaque centrifugation procedures. The cell suspension con-
sisted of a heterogeneous cell population including hematopoietic, mesenchymal, and other progen-
itor cells. The cells were suspended in 10 mL of X-VIVO 10 medium, including 2 mL of the participant's
own serum.

Dose of stem cells: 123 (69) x 106 (HD), 150 (77) x 106 (LD).
Timing of stem cell procedure: 24 hours following shockwave.

G-CSF details: No G-CSF administered.

Comparator arm: Placebo (BM aspiration; 10 mL of X-VIVO 10 medium, including 2 mL of the partici-
pant's own serum).

Co-intervention: Shockwave (HD or LD)

Outcomes Primary outcome:

Improvement in global LVEF on quantitative LV angiography at 4 months' follow-up.
Secondary outcomes:

1. Global LV volumes, regional LV function, and late enhancement volume measured by MRI at 4 months
and 1 year

2. NYHA class at 4 months
3. NT BNP levels at 4 months

4. Majoradverse clinical events (death, model of death, rehospitalisation for worsening HF, recurrent Ml,
ventricular tachycardia, revascularisation, and stroke) at 4 months

5. Quality of life at 4 months
Outcome assessment points: Baseline, 4 months, and mean 45.7 (17) months (clinical outcomes only).

Method(s) of outcome measurement: LV angiography; MRI

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by a simple random allocation using a comput-
tion (selection bias) er list with known N. No blockwise randomisation was performed.

Allocation concealment Low risk Randomisation codes were generated at the cell-processing centre for the en-
(selection bias) tire study cohort.

Blinding of participants Low risk The trial was reported as double-blind. All participants underwent BM aspi-
and personnel (perfor- ration, and the control group received a placebo. Participants were blinded;
mance bias) blinding of clinicians was not specifically reported.

All outcomes
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Blinding of outcome as- Low risk Investigators were blinded for the intracoronary infusion of the study medica-
sessment (detection bias) tion.
All outcomes

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity. All participants were included in angiography analyses on an inten-
All outcomes tion-to-treat basis. MRl was performed in a subset of participants (15 cell ther-

apy and 12 controls).

Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00326989) were reported.
porting bias)

Other bias High risk Supported by an unrestricted grant from t2cure GmbH. No other sources of
bias were reported or identified.

Bartunek 2012

Methods Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: Cardio3 BioSciences

Study setting: Belgium, Serbia, Switzerland

Number of centres: 9 (Belgium, Serbia, Switzerland)

Length of follow-up: 2 years

Number (N) of participants randomised to each arm: BMSC: 32; Controls: 15

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 21; Controls: 15

Participants Description: IHD (aged 18 to 75 years; stable HF population with a history of MI; baseline LVEF 15% to
40%; ischaemic event at least 2 months prior to recruitment; optimally managed and revascularised).

Age distribution in each arm: BMSC: 55.3 (SE 10.4) years; Controls: 58.7 (SE 8.2) years
Sex (% male) in each arm: BMSC: 90.5%; Controls: 86.7%

Number of diseased vessels: n/r

Time from symptom onset to initial treatment: time from infarction to cell delivery, mean 1540 (range
192 to 7515) days.

Statistically significant baseline imbalances between the groups? None

Interventions Intervention arm: BMSC
Type of stem cells: Cardiopoietic cells (mesenchymal stem cells)
Summary of stem cell isolation and type and route of delivery: Human BM was harvested from the iliac
crest, cultured at 37°C/5% CO, in 175 cm? flasks to purify MSCs. After 24 h, nonadherent BM and cellular
debris were discarded, and adherent MSCs were washed with PBS solution. A 1-to-1 passage was per-
formed to dissociate colony-forming units and allow for expansion for up to 6 days in a culture medium
supplemented with 5% human pooled platelet lysate media to generate a monolayer whereby 50 x 106
cells were obtained. Lineage specification was achieved by MSC exposure to a cardiogenic cocktail reg-
imen triggering expression and nuclear translocation of cardiac transcription factors while maintain-
ing clonal proliferation. Passage P1 marked the start of cardiogenic cocktail treatment in which cells
were cultured for 5 days in 5% platelet lysate-supplemented high glucose medium containing cardio-
genic growth factors (TGF-b, BMP-4, Activin A, FGF-2, cardiotrophin, a-thrombin, diaminopyrimidine).
Cell density was 4000 cells/cm2 during MSC culture and 1500 cells/cm2 during cardiopoietic induction.
Passage P2/P3 marked the end of the cardiogenic cocktail treatment followed by expansion to yield
600 to 1200 x 106 cells. Harvest involved trypsinisation and concentration in a preservation solution.
Cells were centrally manufactured in a GMP facility. Cells packaged for transportation were transplant-
ed within 72 h of derivation.
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Dose of stem cells: mean 733 x 106 (range 605 x 1168 x 106) cells
Timing of stem cell procedure: BM harvest - 24 hrs - (P0) (up to 6 days) - P1 (5 days cell culture) -4 to 6
weeks.

G-CSF details: No G-CSF administered.
Comparator arm: Control (no BM aspiration; no placebo or sham procedure)

Co-intervention: Standard medical therapy

Outcomes Primary outcome:
Changes in LVEF at 6 months
Note: Main study publication reports primary endpoint as feasibility and safety at 2-year follow-up (Bar-
tunek 2012).
Secondary outcomes:
1. 6-min walking distance (6 months, 1 and 2 years)
2. Quality of life (6 months, 1 and 2 years)
3. All-cause mortality (at each follow-up)
4. Cardiovascular events (at each follow-up)
Note: Main study publication reports secondary endpoints as including cardiac structure and function
(Bartunek 2012).
Outcome assessment points: Baseline, 6 months, and 2 years (clinical outcomes only).
Method(s) of outcome measurement: Echocardiography
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was conducted through a site-independent, centralised
tion (selection bias) process after exclusion of participants that did not meet the inclusion criteria.
Allocation concealment Low risk Allocation concealment was not fully described, but randomisation was con-
(selection bias) ducted in a site-independent manner through a centralised process.
Blinding of participants High risk No placebo was administered; neither participants nor clinicians were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk An independent core laboratory masked to study arm assignment and
sessment (detection bias) chronology of clinical evaluation provided data analysis.
All outcomes
Incomplete outcome data  High risk 11 participants in the cell therapy group were excluded from analysis (2x clin-
(attrition bias) ical inclusion criteira not met; 2x BM inclusion criteria not met; 5x cell release
All outcomes inclusion criteria not met; 2x cell growth inclusion criteria not met). In prima-
ry analyses described in the paper, these participants were analysed as part of
the control group (although they are excluded from analysis in the results of
this review). All other randomised participants were included in all analyses.
Selective reporting (re- Unclear risk The study protocol (NCT00810238) defined the primary outcome as change in
porting bias) LVEF at 6 months, whereas the study publication defined the primary outcome
as feasibility and safety at 2 years. Follow-up of exercise capacity and quality
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of life at 1 and 2 years was also defined as an outcome according to the trial
protocol but was not reported. All other outcomes described in the trial proto-
col were reported in results.

Other bias High risk This study received commercial funding from Cardio3 BioSciences, although
the authors reported that they had no relationships relevant to the contents of
the paper to disclose. No other sources of bias were reported or identified.

Chen 2006

Methods Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: Not reported

Study setting: China

Number of centres: 1

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC: 24; Controls: 24

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 22; Controls: 23

Participants Description: Severe ischaemic HF (isolated, chronic, total, or subtotal occluded LAD due to previous an-
terior wall infarction untreated by either thrombolysis or primary PCI; reversible perfusion defect de-
tectable by SPECT; LVEF < 40%).

Age distribution in each arm: BMSC: 59.3 + 6.8 years; Controls: 57.8 £ 7.2 years.
Sex (% male) in each arm: BMSC: 88%; Controls: 92%.

Number of diseased vessels: Not reported.
Time from symptom onset to initial treatment: 14 days following successful PCI.
Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arm: BMSC
Type of stem cells: Mesenchymal stem cells

Summary of stem cell isolation and type and route of delivery: 60 mL of autologous bone marrow were
aspirated under local anaesthesia from the ilium of all participants during the morning of the 8th day
after the PCl procedure and then cultured for 7 days. BM mesenchymal stem cells were harvested and
washed 3 to 4 times with heparinised saline. 2 hours before transplantation, the stem cell suspension
was mixed with heparin, filtered, and prepared for implantation. Cell viability was > 92%.

Dose of stem cells: 5 x 106 cells

Timing of stem cell procedure: 14 days following successful PCl and 7 days after bone marrow aspira-
tion.

G-CSF details: No G-CSF administered.
Comparator arm: Control (no placebo).

Co-intervention: PClI

Outcomes Primary outcome:

None reported.
Secondary outcomes:

Reversible defects, metabolic equivalents, exercise, LVEF, NYHA, mortality.
Outcome assessment points: Baseline and 12 months.
Method(s) of outcome measurement: SPECT
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Notes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  High risk This Chinese trial was described as randomised, but the method of randomisa-

tion (selection bias) tion was not reported.

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants High risk No placebo was used; neither participants nor clinicians were blinded.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors was not reported.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk 2 cell therapy participants and 1 control were excluded from all analyses due

(attrition bias) to failed PCI. All remaining participants were included in the analysis of mor-

All outcomes tality and morbidity; all surviving participants were included in the analysis of
LVEF, NYHA class, and exercise tolerance at follow-up.

Selective reporting (re- Unclear risk All outcomes mentioned in the methods were reported in the results, although

porting bias) it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.

Other bias Low risk No other sources of bias were reported or identified.

Erbs 2005
Methods Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: Supported by Heart Center Leipzig GmbH, University of Leipzig.

Study setting: Leipzig, Germany

Number of centres: 1

Length of follow-up: 15 months

Number (N) of participants randomised to each arm: BMSC: 14; Controls: 14

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 12; Controls: 11

Participants

Description: Chronic total artery occlusion with clinical signs of myocardial ischaemia and local wall
motion abnormalities.

Age distribution in each arm: BMSC: 63 + 7 years; Controls: 61 + 9 years.

Sex (% male) in each arm: BMSC: 71%; Controls: 86%.

Number of diseased vessels: BMSC: 1 (n=8),2 (n=4),3 (n=2); Controlarm:1(n=6),2 (n=5),3 (n=3).
Time from symptom onset to initial treatment: Complete total obstruction defined as an obstruction of
a native coronary artery for more than 30 days with no luminal continuity and with TIMI flow grade 0 or
1.

Statistically significant baseline imbalances between the groups? No.

Interventions

Intervention arm: G-CSF + BMSC
Type of stem cells: Circulating progenitor cells
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Summary of stem cell isolation and type and route of delivery: All participants subcutaneously injected
twice a day with filgrastim (G-CSF, 300 mcg) over 4 days to increase the amount of CPC in the blood. At
day 4, 400 mL of venous blood were collected from all participants, MNC were purified and ex vivo-cul-
tured for 4 days in endothelial-specific medium to select CPC. MNC were isolated from 400 mL of ve-
nous blood by density gradient centrifugation (Histopaque-1077). Immediately after isolation, total
MNC were plated on gelatin-coated cell culture flasks with a cell density of 1 x 106 cells/cmZ. Cells were
maintained for 4 days in endothelial basal medium supplemented with EGM SingleQuots and 10% hu-
man serum, collected from each individual participant. Additionally, the cell culture medium was sup-
plemented with ascorbic acid (final concentration 75 ng/mL) and hydrocortisone (0.2 mcg/mL). After 4
days of culture, non-adherent cells were removed by a thorough washing with PBS, and the adherent
cells were detached with trypsin/EDTA. The collected cells were washed twice with PBS containing 2
mmol/L EDTA and resuspended in a final volume of 20 mL physiological sodium chloride supplement-
ed with 10% autologous participant serum. Cells were administered intracoronarily.

Dose of stem cells: 69 + 14 x 106 CPC (range 22 x 106 to 200 x 106).

Timing of stem cell procedure: 10 £ 1 days following successful recanalisation.

G-CSF details: 300 mg of G-CSF administered for 4 days to all participants.
Comparator arm: G-CSF + placebo (BM aspiration; cell-free serum solution).

Co-intervention: PClI

Outcomes Primary outcomes:
LV function
Secondary outcomes:
Assessment of coronary endothelial function, myocardial viability (number of myocardial segments
with hibernation), regional wall motion, LV mass (myocardial mass; infarct size). Clinical outcomes,
restenosis, coronary endothelium function, myocardial viability, number of hibernating segments in
myocardium.
Outcome assessment points: Baseline, 3 and 15 months.
Method(s) of outcome measurement: MRI
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The trial was described as randomised, but the method of randomisation was
tion (selection bias) not reported.
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants Low risk G-CSF was administered and blood was taken from all participants. Control
and personnel (perfor- participants received a placebo. Participants and clinicians were blinded to
mance bias) treatment.
All outcomes
Blinding of outcome as- Low risk Image analysis assessors remained blinded after the results at 3 months' fol-
sessment (detection bias) low-up. Other assessors were blinded to 3 months only.
All outcomes
Incomplete outcome data  Low risk 1 cell therapy participant and 2 controls were excluded from all analyses (1x
(attrition bias) reocclusion of target vessel, 2x withdrawal of consent). MRI was performed in
All outcomes 23 participants (12 cell therapy, 11 controls) at 3 months and 22 participants
(12 cell therapy and 10 controls) at 15 months.
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Selective reporting (re-
porting bias)

Unclear risk All outcomes mentioned in the methods were reported in the results, although
it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.

Other bias

Low risk No other sources of bias were reported or identified.

Hamshere 2015_IC

Methods

Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: National Institute of Health Research (UK), Heart Cells Foundation, Barts and The
London Charity, Chugai Pharma UK, and Cordis Corporation

Study setting: London, UK

Number of centres: 1

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC: 15; Controls: 15

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 15; Controls: 15

Participants

Description: Advanced HF (NYHA class II-IV; optimal medical therapy and device therapy with no further
treatment options).

Age distribution in each arm: n/r
Sex (% male) in each arm: n/r

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: n/r
Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: G-CSF + BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: 50 mL BM was obtained from the poste-
rioriliac crest. The BMSC fraction was obtained from the BM samples, and cells were resuspended in
10 mL autologous serum. All samples were maintained at room temperature for the entire procedure.
Following arterial access, a weight-adjusted (70 IU/kg) bolus dose of unfractionated heparin was ad-
ministered. A coronary angiogram was performed to expose the largest possible area of the left ventri-
cle to the injectate via the intact coronary circulation. The total 10 mL volume of injectate was divided
equally and injected down patent coronary arteries or grafts, or both through an over-the-wire balloon
catheter (Medtronic, Galway, Ireland). The balloon was inflated at low pressure to occlude blood flow,
while the appropriate volume of injectate was delivered distally over 3 minutes. This procedure was re-
peated in the remaining target vessels.

Dose of stem cells: n/r
Timing of stem cell procedure: n/r

G-CSF details: 10 ug/kg/day for 5 days
Comparator arm: G-CSF + placebo (BM aspiration; 10 mL autologous serum)

Co-intervention: standard medical therapy

Outcomes

Primary outcomes:

Change in global LVEF from baseline (12 months)
Secondary outcomes:

Change in quality of life (6 and 12 months), NT-proBNP (6 months); major adverse cardiac events (12
months), change in NYHA class (12 months), change in CCS class (12 months).
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Outcome assessment points: Baseline, 6 and 12 months.
Method(s) of outcome measurement: NYHA class; MRI, computed tomography

Notes Outcome data for this trial were obtained directly from the study authors.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were enrolled in a 1:1 computer-generated randomisation list.
tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Low risk All participants received G-CSF, underwent bone marrow aspiration, and re-
and personnel (perfor- ceived a placebo infusion. Blinding of clinicians was not specifically reported,
mance bias) but the trial was described as "double-blind".

All outcomes

Blinding of outcome as- Low risk The endpoints of NYHA and CCS classifications were measured by an investiga-
sessment (detection bias) tor blinded to the participant's treatment assignment.

All outcomes

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity on an intention-to-treat basis.

All outcomes

Selective reporting (re- Low risk Information for all outcomes requested from the authors was provided.
porting bias)

Other bias High risk Partially sponsored by Chugai Pharma UK and the Cordis Corporation. The pri-

mary investigator of this trial is an author of this Cochrane review. No other
sources of bias were reported or identified.

Hamshere 2015_IM

Methods

Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: National Institute of Health Research (UK), Heart Cells Foundation, Barts and The
London Charity, Chugai Pharma UK, and Cordis Corporation

Study setting: London, UK

Number of centres: 1

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC: 15; Controls: 15

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 15; Controls: 15

Participants

Description: Advanced HF (NYHA class II-IV; optimal medical therapy and device therapy with no further
treatment options).

Age distribution in each arm: n/r
Sex (% male) in each arm: n/r

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: n/r
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Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: G-CSF + BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: 50 mL BM was obtained from the posteri-
oriliac crest. The BMSC fraction was obtained from the BM samples and cells were resuspended in 10
mL autologous serum. All samples were maintained at room temperature for the entire procedure. Af-
ter femoral arterial access, a weight-adjusted (70 IU/kg) bolus dose of heparin was administered. Par-
ticipants underwent left ventricular electromechanical mapping using NOGA XP Cardiac Navigation
System (Biologics Delivery Systems Group, Cordis Corporation, CA, USA) and direct intramyocardial in-
jection with a MyoStar injection catheter. The number of sampling points for the mapping procedure
varied between 86 and 110. The target areas for injection were the border zones around the scar tissue
based on voltage criteria obtained using the NOGA map (areas greater than 6.9 mV). Areas of the my-
ocardium with a wall thickness of <5 mm were avoided. The total 2 mL volume of injectate was divided
and delivered equally to 10 target areas at approximately 1-centimetre intervals.

Dose of stem cells: n/r
Timing of stem cell procedure: n/r

G-CSF details: 10 ug/kg/day for 5 days
Comparator arm: G-CSF + placebo (BM aspiration; 2 mL autologous serum)

Co-intervention: standard medical therapy

Outcomes

Primary outcomes:

Change in global LVEF from baseline (12 months)
Secondary outcomes:

Change in quality of life (6 and 12 months), NT-proBNP (6 months); major adverse cardiac events (12
months), change in NYHA class (12 months), change in CCS class (12 months).

Outcome assessment points: Baseline, 6 and 12 months.
Method(s) of outcome measurement: NYHA class; MRI, computed tomography

Notes

Outcome data for this trial were obtained directly from the study authors.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were enrolled in a 1:1 computer-generated randomisation list.
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants Low risk All participants received G-CSF, underwent bone marrow aspiration, and re-
and personnel (perfor- ceived a placebo infusion. Blinding of clinicians was not specifically reported,
mance bias) but the trial was described as "double-blind".
All outcomes
Blinding of outcome as- Low risk The endpoints of NYHA and CCS classifications were measured by an investiga-
sessment (detection bias) tor blinded to the participant's treatment assignment.
All outcomes
Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity on an intention-to-treat basis.
All outcomes
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Hamshere 2015_IM (Continued)

Selective reporting (re- Low risk Information for all outcomes requested from the authors was provided.
porting bias)
Other bias High risk Partially sponsored by Chugai Pharma UK and the Cordis Corporation. The pri-

mary investigator of this trial is an author of this Cochrane review. No other
sources of bias were reported or identified.

Heldman 2014_BM-MSC

Methods

Type of study: Parallel RCT

Type of publication: Full paper

Source of funding: Partially funded by the Interdisciplinary Stem Cell Institute, Miller School of Medi-
cine, BioCardia, and grant U54HL081028 from the National Heart, Lung, and Blood Institute Specialized
Centers for Cell-Based Therapy. Helical infusion catheters were provided by BioCardia Inc and one trial
investigator (J. Hare) was supported by grants from the National Institutes of Health.

Study setting: Florida, USA

Number of centres: 1

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BM-MSC: 22; Controls: 11

Number (N) of participants analysed (primary outcome) in each arm: BM-MSC: 19; Controls: 11

Participants

Description: Chronic Ml and LV dysfunction (aged 21 to 90 years; ischaemic cardiomyopathy with LV dys-
function resulting from chronic Ml, as documented by confirmed coronary artery disease with a cor-
responding area of myocardial akinesis, dyskinesis, or severe hypokinesis and had LVEF < 50% with-

in 6 months of screening while taking maximally tolerated doses of beta-adrenergic blocking and an-
giotensin-converting enzyme or angiotensin Il receptor blocking drugs and not during or recently after
an ischaemic event).

Age distribution in each arm: BM-MSC: 57.1 (10.6) years; Controls: 60.0 (12.0) years
Sex (% male) in each arm: BM-MSC: 94.7%; Controls: 90.9%

Number of diseased vessels: n/r

Time from symptom onset to initial treatment: n/r

Statistically significant baseline imbalances between the groups? Significantly higher baseline stroke
volume in participants who had received MSC compared with placebo.

Interventions

Intervention arm: BMSC

Type of stem cells: Mesenchymal stem cells

Summary of stem cell isolation and type and route of delivery: All participants had bone marrow har-
vested. MSC were cultured from bone marrow aspirates. Delivery was by injection at 10 LV sites using
TESI during left heart catheterisation using the helical infusion catheter (BioCardia). Injections were
targeted to encircle the border zone of a chronically infarcted myocardial territory and defined by MRI
and CT imaging, echocardiography, and well-pacified biplane left ventriculography.

Dose of stem cells: n/r

Timing of stem cell procedure: 4 to 6 weeks from BM aspiration to cell administration.
G-CSF details: No G-CSF administered.

Comparator arm: Placebo (BM aspiration; vehicle placebo)

Co-intervention: Standard medical therapy

Outcomes

Primary outcomes:
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Incidence of treatment-emergent serious adverse events (defined as composite of death, non-fatal Ml,
stroke, hospitalisation for worsening HF, cardiac perforation, pericardial tamponade, ventricular ar-
rhythmias > 15 sec, or with haemodynamic compromise or atrial fibrillation) at 1 month

Secondary outcomes:

1. Serial troponin values (every 12 hours for the first 48 hours postcatheterisation)
2. Serial creatine kinase values (every 12 hours for the first 48 hours postcatheterisation)

Incidence of major adverse cardiac events (MACE) (defined as the composite incidence of (1) death,
(2) hospitalisation for HF, or (3) non-fatal recurrent Ml) at 12 months

Ectopic tissue formation (12 months)

w

Number of deaths at 12 months

Change from baseline in distance walked in 6 minutes (12 months)

Change from baseline in the MLHFQ total score (12 months)

Change from baseline in scar mass as a fraction of left ventricle mass by cardiac MRI or CT (12 months)

© N b~

Additional outcomes:

Infarct size, regional wall motion at the sites of study agent injection, global LV size and function, exer-
cise peak O, consumption, NYHA class, quality of life measured at 3 and 6 months

Outcome assessment points: Baseline, 3 and 6 months (quality of life only), 12 months

Method(s) of outcome measurement: MRI

Notes

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk An electronic data entry system was used for randomisation. Participants
were randomised to the MSC or BMMNC group, and further randomised within
groups to cell therapy or placebo.

Allocation concealment Low risk Participants were randomised (unblinded) to the MSC or BMMNC group. Par-

(selection bias) ticipants were further randomised (blinded) within groups to cell therapy or
placebo.

Blinding of participants Low risk All participants underwent BM harvest, and control participants received a

and personnel (perfor- placebo. Neither participants nor clinicians were aware of treatment alloca-

mance bias) tion.

All outcomes

Blinding of outcome as- Low risk Preparation and administration of the study product was blinded to investiga-

sessment (detection bias)
All outcomes

tors outside the cell-processing laboratory.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3 cell therapy participants were excluded from the analysis of mortality and
morbidity (2x withdrew consent, 1x cell-processing failure). MRI analysis in-
cluded 16 cell therapy participants and 17 controls (BMSC and MSC control
groups combined); missing data were unexplained.

Selective reporting (re-
porting bias)

Unclear risk All outcomes reported in the trial protocol (NCT00768066) were reported;
some additional outcomes were reported in the publication of results.

Other bias High risk Received partial funding from BioCardia. No other sources of bias were report-
ed or identified.
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Heldman 2014_BMMNC

Methods

Type of study: Parallel RCT

Type of publication: Full paper

Source of funding: Partially funded by the Interdisciplinary Stem Cell Institute, Miller School of Medi-
cine, BioCardia, and grant U54HL081028 from the National Heart, Lung, and Blood Institute Specialized
Centers for Cell-Based Therapy. Helical infusion catheters were provided by BioCardia Inc and one trial
investigator (J. Hare) was supported by grants from the National Institutes of Health.

Study setting: Florida, USA

Number of centres: 1

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC: 22; Controls: 10

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 19; Controls: 10

Participants

Description: Chronic Ml and LV dysfunction (aged 21 to 90 years; ischaemic cardiomyopathy with LV dys-
function resulting from chronic MI, as documented by confirmed coronary artery disease with a cor-
responding area of myocardial akinesis, dyskinesis, or severe hypokinesis and had LVEF < 50% with-

in 6 months of screening while taking maximally tolerated doses of beta-adrenergic blocking and an-
giotensin-converting enzyme or angiotensin Il receptor blocking drugs and not during or recently after
an ischaemic event).

Age distribution in each arm: BMSC: 61.1 (8.4) years; Controls: 61.3 (9.0) years
Sex (% male) in each arm: BMSC: 89.5%; Controls: 100%

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: n/r
Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: All participants underwent BM aspiration
from the iliac crest. BMMNC were prepared by centrifugation of whole BM against a low-density gradi-
ent using Ficoll-Paque PREMIUM according to manufacturer's protocol. Cells were collected at the in-
terface. Delivery was by injection at 10 LV sites using TESI during left heart catheterisation using the he-
lical infusion catheter (BioCardia). Injections were targeted to encircle the border zone of a chronically
infarcted myocardial territory and defined by MRI and CT imaging, echocardiography, and well-pacified
biplane left ventriculography.

Dose of stem cells: n/r
Timing of stem cell procedure: 4 to 6 weeks from BM aspiration to cell administration.

G-CSF details: No G-CSF administered.
Comparator arm: Placebo (BM aspiration; vehicle placebo)

Co-intervention: Standard medical therapy

Outcomes

Primary outcomes:

Incidence of treatment-emergent serious adverse events (defined as composite of death, non-fatal Ml,
stroke, hospitalisation for worsening HF, cardiac perforation, pericardial tamponade, ventricular ar-
rhythmias > 15 sec, or with haemodynamic compromise or atrial fibrillation) at 1 month

Secondary outcomes:

1. Serial troponin values (every 12 hours for the first 48 hours postcatheterisation)
2. Serial creatine kinase values (every 12 hours for the first 48 hours postcatheterisation)

3. Incidence of the majoradverse cardiac events (MACE) (defined as the composite incidence of (1) death,
(2) hospitalisation for HF, or (3) non-fatal recurrent Ml) at 12 months

4. Ectopic tissue formation (12 months)
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5. Number of deaths at 12 months

6. Change from baseline in distance walked in 6 minutes (12 months)

7. Change from baseline in MLHFQ total score (12 months)

8. Change from baseline in scar mass as a fraction of left ventricle mass by cardiac MRI or CT (12 months)

Additional outcomes:

Infarct size, regional wall motion at the sites of study agent injection, global LV size and function, exer-
cise peak O, consumption, NYHA class, quality of life measured at 3 and 6 months

Outcome assessment points: Baseline, 3 and 6 months (quality of life only), 12 months

Method(s) of outcome measurement: MRI

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk An electronic data entry system was used for randomisation. Participants

tion (selection bias) were randomised to the MSC or BMMNC group, and further randomised within
groups to cell therapy or placebo.

Allocation concealment Low risk Participants were randomised (unblinded) to the MSC or BMMNC group. Par-

(selection bias) ticipants were further randomised (blinded) within groups to cell therapy or
placebo.

Blinding of participants Low risk All participants underwent BM harvest, and control participants received a

and personnel (perfor- placebo. Neither participants nor clinicians were aware of treatment alloca-

mance bias) tion.

All outcomes

Blinding of outcome as- Low risk Preparation and administration of the study product was blinded to investiga-

sessment (detection bias) tors outside the cell-processing laboratory.

All outcomes

Incomplete outcome data  Unclear risk 3 cell therapy participants were excluded from the analysis of mortality and

(attrition bias) morbidity (2x withdrew consent, 1x ineligible before BM aspiration). MRI analy-

All outcomes sisincluded 16 cell therapy participants and 17 controls (BMSC and MSC con-
trol groups combined); missing data were unexplained.

Selective reporting (re- Unclear risk All outcomes reported in the trial protocol (NCT00768066) were reported;

porting bias) some additional outcomes were reported in the publication of results.

Other bias High risk Received partial funding from BioCardia. No other sources of bias were report-

ed or identified.

Hendrikx 2006

Methods

Type of study: Parallel RCT
Type of publication: Full paper
Source of funding: Not reported

Study setting: Hasselt, Belgium

Number of centres: 1

Length of follow-up: 4 months

Number (N) of participants randomised to each arm: BMSC: 11; Controls: 12
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Number (N) of participants analysed (primary outcome) in each arm: BMSC: 10; Controls: 10

Participants

Description: Elective CABG surgery; transmural Ml on ECG and akinesia or dyskinesia in part of the left
ventricle as shown by angiography.

Age distribution in each arm: BMSC: 63.2 + 8.5 years; Controls: 66.8 + 9.2 years.

Sex (% male) in each arm: BMSC: 100%; Controls: 70%.

Number of diseased vessels: BMSC: 1 (n=0),2 (n=2),3 (n=8); Controls: 1 (n=1),2(n=2),3(n=7).
Time from symptom onset to initial treatment: BMSC arm: 217 (162) days and control arm: 213 (145)
days between occurrence of Ml and time of CABG (and treatment).

Statistically significant baseline imbalances between the groups? No.

Interventions

Intervention arm: BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: 40 mL of bone marrow was aspirated un-
der local anaesthesia from the participant's iliac crest, the day before surgery. BMSC were immediate-
ly isolated by density gradient centrifugation using Lymphoprep. Isolated cells were washed twice with
saline and subsequently resuspended in X-VIVO 15 medium (Cambrex) supplemented with 2% autolo-
gous serum. This cell suspension was transferred to Teflon bags at a concentration of approximately 1
x 106 cells/mL for overnight cultivation. The next day cells were harvested and washed 3 times before fi-
nally being suspended in 10 mL heparinised saline. 10 mL of cell suspension were injected into the bor-
der zone of the infarct with 29-gauge myoinjector syringes containing 0.5 mL of cell suspension. Multi-
ple punctures were performed with prevent needles to make injections parallel to the epicardium and
avoid delivery of cells into the ventricular cavity.

Dose of stem cells: 60.25 (31.35) x 106 cells with > 95% viability and over 73% recovery. Containing
1.42% (0.99%) CD34-positive cells and 76.37 (44.47) CFU-GM/105 mononuclear cells.

Timing of stem cell procedure: Approximately 24 hours following bone marrow aspiration; 217 (162)
days post-AMI.

G-CSF details: No G-CSF administered.
Comparator arm: Placebo (BM aspiration; heparinised saline)

Co-intervention: CABG

Outcomes Primary outcomes:
Global LVEF change and regional wall-thickening changes in the infarct area.
Secondary outcomes:
Changes in metabolic activity measured by thallium scintigraphy.
Outcome assessment points: Baseline, postoperative (9 to 14 days), and 4 months
Method(s) of outcome measurement: MRI
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation (1:1) was carried out using sequentially numbered, sealed en-
tion (selection bias) velopes.
Allocation concealment Low risk Sealed envelopes were used.
(selection bias)
Blinding of participants Low risk Both treatment groups underwent BM aspiration: the BM group had bone
and personnel (perfor- marrow isolated the day before surgery from the iliac crest, and the control
mance bias) group had bone marrow aspirated from the sternum during the operation.
All outcomes
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Hendrikx 2006 (continued)

Controls received a placebo. Both participants and the surgeon were unaware
of whether cells or only saline was injected.

Blinding of outcome as- Low risk Cardiac MR images were analysed by an investigator blinded to treatment as-

sessment (detection bias) signment. For thallium scintigraphy, 2 investigators independently analysed

All outcomes data and were blinded to treatment assignment.

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and

(attrition bias) morbidity. 3 participants (1x cell therapy and 1x control) were excluded from

All outcomes MRI analysis (2x death, 1x acute psychiatric illness).

Selective reporting (re- Unclear risk All outcomes mentioned in the methods were reported in the results, although

porting bias) it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.

Other bias Low risk No other sources of bias were reported or identified.

Honold 2012

Methods

Type of study: Parallel RCT
Type of publication: Full paper
Source of funding: Not reported

Study setting: Frankfurt/Main, Germany

Number of centres: 1

Length of follow-up: 60 months

Number (N) of participants randomised to each arm: BMSC: 23; Controls: 10

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 23; Controls: 9

Participants

Description: Coronary artery disease (aged > 18 years; previous Ml at least 3 months prior to cell therapy
and well demarcated LV regional wall motion abnormality; receiving constant state-of-the-art pharma-
cotherapy for at least 3 months prior to enrolment).

Age distribution in each arm: BMSC: 53.4 + 12.3 years; Controls: 58.8 + 7.3 years.
Sex (% male) in each arm: BMSC: 82%; Controls: 100%.

Number of diseased vessels: BMSC: 1 (n=10),2 (n=6),3 (n=6); Controls: 1 (n=4),2 (n=2),3 (n=4).
Time from symptom onset to initial treatment: At least 3 months from previous MI.
Statistically significant baseline imbalances between the groups? No.

Interventions

Intervention arm: G-CSF + BMSC

Type of stem cells: Circulating progenitor cells.

Summary of stem cell isolation and type and route of delivery: G-CSF was administered to the partici-
pants for 5 days. 270 mL of peripheral blood was drawn. Mononuclear cells were isolated using a Ficoll
gradient centrifugation, and cells were resuspended in X-VIVO 15 medium with 1 ng/mL carrier-free hu-
man recombinant VEGF, atorvastatin, and 20% human serum drawn from each individual participant.
Cells were cultured ex vivo for 4 days to enrich in endothelial progenitor cells (uptake of LDL).

Dose of stem cells: 29 + 12 x 106.

Timing of stem cell procedure: % days following G-SCF administration and 4 days following bone mar-
row aspiration and cell culture.

G-CSF details: 5 ug/kg/day (first 12 participants) or 10 ug/kg/day (20 participants) for 5 days.
Comparator arm: G-CSF + control (no BM aspiration, no placebo)

Co-intervention: Standard medical therapy; PCI (in 33% of participants)

Outcomes

Primary outcomes:
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Honold 2012 (continued)

Safety and efficacy.
Secondary outcomes:

Global and regional LV function and volumes after 3 months, determined by both LV angiography and
MRI. Clinical parameters like functional NYHA class, cardiopulmonary exercise testing, and NT-proBNP
serum levels were obtained during a 5-year follow-up period.

Outcome assessment points: Baseline and 3, 12, 60 months

Method(s) of outcome measurement: MRI

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The trial was described as randomised, but the method of randomisation was
tion (selection bias) not reported.
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants High risk Blinding of clinicians and participants was not specifically reported, but no
and personnel (perfor- placebo was administered to the control group.
mance bias)
All outcomes
Blinding of outcome as- Low risk MRl independent observers were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity, although 1 participant randomised to (but who did not receive) cell
All outcomes therapy was analysed in the control group. Angiography was carried out at fol-
low-up in 26 participants (21 cell therapy, 5 controls). MRI was performed in a
subset of participants (9 cell therapy, 4 controls).
Selective reporting (re- Unclear risk All outcomes mentioned in the methods were reported in the results, although
porting bias) it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.
Other bias Low risk No other sources of bias were reported or identified.
Hu 2011
Methods Type of study: Parallel RCT
Type of publication: Full paper
Source of funding: Key project in the National Science and Technology Pillar programme during the
11th 5-year plan period (2006BAJ01A09), basic scientific research fund of the National Scientific Insti-
tute 2009-2011.
Study setting: Beijing, China
Number of centres: 1
Length of follow-up: 12 months
Number (N) of participants randomised to each arm: BMSC: 31; Controls: 29
Number (N) of participants analysed (primary outcome) in each arm: BMSC: 31; Controls: 28
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Hu 2011 (Continued)

Participants Description: Chronic HF (aged 18 to 75 years; at least 3 months since last MI; severe ischaemic cardiomy-
opathy with LVEF < 30% by MRI and suitable for CABG; no evidence of surviving myocardium in the in-
farct area, as shown by SPECT and LV angiography; without LV aneurysm or valvular diseases requiring
surgical intervention).

Age distribution in each arm: BMSC: 56.6 + 9.7 years; Controls: 58.3 + 8.9 years.
Sex (% male) in each arm: 93.3% (both arms pooled).

Number of diseased vessels: BMSC: 3; Controls: 3.
Time from symptom onset to initial treatment: At least 3 months from last MI.
Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arm: BMSC
Type of stem cells: Mononuclear cells
Summary of stem cell isolation and type and route of delivery: After anaesthesia but before CABG, 60
mL of BM was aspirated from the participant's iliac crest and diluted with normal saline solution. The
mononuclear cells were isolated using Ficoll density gradient centrifugation according to good manu-
facturing practice regulations and resuspended in 10 mL of saline solution. The cell suspension was fil-
tered by a 70-micrometre cell strainer before transplantation. The cells were counted under a light mi-
croscope, and the viability was assessed by trypan blue dye. The final suspension of BMMNC contained
107 mL MNC. Cells were delivered via the grafted vessel (saphenous vein graft).
Dose of stem cells: Mean 13.17 + 10.66 x 107.
Timing of stem cell procedure: Within 24 hours and during CABG.

G-CSF details: No G-CSF administered.

Comparator arm: Placebo (BM aspiration; mixture of 8 mL of saline solution and 2 mL of the partici-
pant's own serum)

Co-intervention: CABG

Outcomes Primary outcomes:

Changes in LVEF from baseline to 6 months' follow-up.
Secondary outcomes:

None reported.
Additional outcomes:

LVEDV index (MRI; echocardiograpy); LVESV index (MRI); wall motion score index (echocardiography);
perfusion score (SPECT), 6-min walking test, and BNP value.

Outcome assessment points: Baseline, 6 and 12 months

Method(s) of outcome measurement: MRI; echocardiography

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Arandomisation table was generated by statistical software.

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)

Blinding of participants Low risk All participants underwent BM harvest, and control participants received a
and personnel (perfor- placebo. The study processes were blinded to surgeons and participants.
mance bias)
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Hu 2011 (Continued)
All outcomes

Blinding of outcome as- Low risk The study processes were blinded to investigators who were responsible for
sessment (detection bias) participant assessments.
All outcomes

Incomplete outcome data  Low risk All participants were included in the analysis of mortality and morbidity; 1

(attrition bias) control participant did not attend follow-up at 6 months. MRI at 12 months

All outcomes included 25 participants in each group. Echocardiography at 12 months in-
cluded 42 participants (24 cell therapy and 18 controls); missing data were ex-
plained.

Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00395811) were reported.

porting bias)

Other bias Low risk No other sources of bias were reported or identified.

Jimenez-Quevedo 2011

Methods Type of study: Parallel RCT

Type of publication: Full paper

Source of funding: Funded by an independent research grant from the Spanish National Ministry of
Health and Social Policy (Direccion general de Terapias Avanzadas y Transplante) and an unrestricted
grant from Mutua Madrilefia Foundation.

Study setting: Spain

Number of centres: 3 (Madrid, Barcelona, Logrono)

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC: 19; Controls: 9

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 19; Controls: 9

Participants Description: Refractory angina (CCS class II-1V; optimal medical therapy; not suitable for surgical/percu-
taneous revascularisation; and with reversible perfusion defect measured by SPECT).
Age distribution in each arm: BMSC: median 70 years; Controls: median 58.2 years
Sex (% male) in each arm: BMSC: 78.9%; Controls: 100%

Number of diseased vessels: n/r

Time from symptom onset to initial treatment: n/r (no AMI within preceding 3 months)

Statistically significant baseline imbalances between the groups? Median age significantly higher in
treated group.

Interventions Intervention arm: G-CSF; BMSC
Type of stem cells: CD133+ progenitor cells from mobilised peripheral blood
Summary of stem cell isolation and type and route of delivery: All participants underwent leukaphere-
sis to isolate the mononuclear fraction from the peripheral blood. Only those participants allocated to
the cell group CD133+ PC were isolated by immunomagnetic selection with CliniMACS cell separation
system (Miltenyi Biotec, Bergisch-Gladback, Germany). Sterility tests (Gram stain and culture) were per-
formed on the final cell preparation. The cells were suspended in normal saline and concentrated in 3
mL for the injection.

Dose of stem cells: 20 to 30 x 106 cells
Timing of stem cell procedure: At last 5 days after G-CSF.

G-CSF details: 5 ug/kg per 12 hours for 4 days

Comparator arm: Control (BM aspiration; sham procedure but no placebo administered)
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Jimenez-Quevedo 2011 (Continued)

Co-intervention: Standard medical therapy

Outcomes Primary outcomes:
Major adverse cardiac and cerebrovascular events, defined as cardiovascular death, non-fatal Ml,
ischaemic stroke, need for revascularisation, or procedure-related complications (pericardial effu-
sion/cardiac tamponade, vascular complications, and sustained ventricular arrhythmias) at 6, 12, and
24 months.
Secondary outcomes:
Efficacy of the transendocardial injection of PC CD133+ assessed by means of the following variables:
the change in the myocardial perfusion defect as measured by SPECT, symptom-limited treadmill test,
quality of life, CCS angina classification, and antianginal medication requirement.
Outcome assessment points: Baseline, 6 months
Method(s) of outcome measurement: Echocardiography, SPECT, LV angiography
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk A centralised telephone randomisation was performed using a computer-gen-
tion (selection bias) erated code before the index procedure.
Allocation concealment Low risk Randomisation was performed using a centralised telephone procedure.
(selection bias)
Blinding of participants Low risk Both groups were treated with G-CSF, underwent an apheresis and electro-
and personnel (perfor- mechanical mapping; however, transendocardial injections were not per-
mance bias) formed in the control group but were simulated to keep the participant and all
All outcomes the investigators except the 2 operators who performed the injections blinded.
Blinding of outcome as- Low risk Ablinded investigator analysed angiograms with the use of a computer-based
sessment (detection bias) system. All the analyses were centralised in an independent core laboratory
All outcomes blinded to the randomisation. All investigators except 2 operators who per-
formed the injections were blinded.
Incomplete outcome data  Low risk All participants were included in the analysis of all outcomes on an inten-
(attrition bias) tion-to-treat basis.
All outcomes
Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00694642) were reported.
porting bias)
Other bias Low risk No other sources of bias were reported or identified.
Losordo 2007
Methods Type of study: Parallel RCT

Type of publication: Full paper

Source of funding: Supported in part by National Institutes of Health grants and by a grant from Baxter
Healthcare. Biosense Webster provided the mapping and injection catheters for this study at no extra
cost.

Study setting: USA
Number of centres: n/r (multicentre)
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Losordo 2007 (Continued)

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC-high dose (HD): 6; BMSC-medium dose (MD):
6; BMSC-low dose (LD): 6; and Controls: 6

Number (N) of participants analysed (primary outcome) in each arm: BMSC-HD: 6; BMSC-MD: 6; BMSC-
LD: 6; and Controls: 6

Participants

Description: Chronic refractory angina (aged > 21 years; CCS class llI-1V; optimal medical therapy; not
suitable for revascularisation; ischaemia on nuclear perfusion imaging, to complete at least 1 minute
but no more than 6 mins of a standard Bruce protocol, and to experience angina/angina equivalent
during the baseline exercise test).

Age distribution in each arm: Mean 62.4 (range 48 to 84 years) for all groups.
Sex (% male) in each arm: 80% for all arms.

Number of diseased vessels: Not reported.
Time from symptom onset to initial treatment: Not reported, not applicable.
Statistically significant baseline imbalances between the groups? None reported.

Interventions

Intervention arm: G-CSF, BMSC at low dose, medium dose, or high dose.

Type of stem cells: CD34+ cells from mobilised peripheral blood.

Summary of stem cell isolation and type and route of delivery: Leukoapheresis was performed on the 5th
day for collection of mononuclear cells. The cells were stored overnight at 4°C, and the following morn-
ing the CD34+ fraction was purified on a commercially available device (Isolex 300i, Baxter Healthcare)
according to manufacturer's instructions. Cells were then subjected to testing and were required to
meet lot-release criteria. Once passed, the participants underwent NOGA electromechanical mapping
and intramyocardial injection of CD34+ cells suspended in saline plus 5% autologous serum, versus cell
diluent using the NOGA MyoStar catheter. The dose was divided into 10 injections of 0.2 mL per injec-
tion.

Dose of stem cells: 5 x 104 CD34 cells/kg (LD); 1 x 105 CD34 cells/kg (MD); 5 x 105 CD34 cells/kg (HD).
Timing of stem cell procedure: On day 6 following G-CSF administration and within 24 hours of cell iso-
lation.

G-CSF details: G-CSF was given to all participants at 5 pg/kg for 4 to 5 days.

Comparator arm: G-CSF; placebo (BM aspiration; saline (0.9% sodium chloride) with 5% autologous
plasma).

Co-intervention: Standard medical therapy

Outcomes Primary outcomes: Not reported.
Secondary outcomes: Safety analysis (AEs), efficacy (angina frequency, NTG use, exercise tolerance,
CCS class, SPECT perfusion imaging, quality of life testing).
Outcome assessment points: Baseline and 6 months
Method(s) of outcome measurement: Angina frequency and CCS angina class
Notes
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation codes were established by the study statistician.
tion (selection bias)
Allocation concealment Unclear risk Allocation concealment was not reported.
(selection bias)
Blinding of participants Low risk All participants were administered G-CSF prior to treatment and had CD34+
and personnel (perfor- cells collected. Controls received a placebo solution in a syringe that was iden-
mance bias) tical for all treatment arms.
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Losordo 2007 (Continued)
All outcomes

Blinding of outcome as- Low risk Randomisation codes were only revealed to the stem cell laboratory techni-

sessment (detection bias) cian responsible for separating the cells into aliquots or preparing the placebo

All outcomes material.

Incomplete outcome data  Low risk All randomised participants were included in the analyses of all outcomes at

(attrition bias) follow-up.

All outcomes

Selective reporting (re- Unclear risk All outcomes mentioned in the methods were reported in the results, although

porting bias) it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.

Other bias High risk Partially funded by a grant from Baxter Healthcare. No other sources of bias
were reported or identified.

Losordo 2011
Methods Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: Baxter Healthcare sponsored the study and was responsible for the conduct of the
investigation, with oversight provided by the principal investigator and the scientific advisory board.

Study setting: USA

Number of centres: 26

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC-low dose (LD): 56; BMSC-high dose (HD): 56;
Controls: 56

Number (N) of participants analysed (primary outcome) in each arm: BMSC-LD: 55; BMSC-HD: 56; Con-
trols: 56

Participants

Description: Chronic refractory angina (aged 21 to 80 years; CCS class llI-1V; optimum medical man-
agement; not suitable for revascularisation; SPECT imaging to document the presence of reversible
ischaemia; patients required to walk a minimum of 3 mins but no longer than 10 mins on a modified
Bruce protocol exercise tolerance test and had to experience angina or their angina equivalent during
exercise testing.

Age distribution in each arm: BMSC-LD: 61.3 (9.1) years; BMSC-HD: 59.8 + 9.2 years; Controls: 61.8 + 8.5
years.
Sex (% male) in each arm: BMSC-LD: 83.6%; BMSC-HD: 87.5%; Controls: 89.3%.

Number of diseased vessels: Not reported.

Time from symptom onset to initial treatment: At least 40 days from previous MI.

Statistically significant baseline imbalances between the groups? Cardiovascular risk factors (HTN,
smoking, DM); angina episodes per week.

Interventions

Intervention arm: G-CSF, BMSC at low dose or high dose.

Type of stem cells: CD34+ cells from mobilised peripheral blood.

Summary of stem cell isolation and type and route of delivery: On day 5 leukapheresis was performed.
The following day mononuclear cells were collected and CD34+ cells enriched using a commercially
available device (Isolex 300im) magnetic cell separation system. Cell suspension with > 70% viability
and > 50% CD34+ cells were given at 2 doses of body weight with a maximum of 100 kg. Cell suspension
was diluted in saline (0.9% sodium chloride) with 5% autologous plasma. Cells were injected into the
myocardium. The injection was performed by NOGA mapping and at 10 sites (0.2 cm3/site) using a NO-
GA MyoStar catheter.

Dose of stem cells: 1 x 105 CD34 cells/kg (LD) or 5 x 105 CD34 cells/kg (HD).

Timing of stem cell procedure: At least 3 months following MI.
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Losordo 2011 (Continued)

G-CSF details: G-CSF was given to all participants at 5 pg/kg for 4 to 5 days.

Comparator arm: G-CSF; placebo (BM aspiration; saline (0.9% sodium chloride) with 5% autologous
plasma).

Co-intervention: Standard medical therapy

Outcomes Primary outcomes:
Angina frequency 6 months after treatment.
Secondary outcomes:
None reported in study protocol.
Additional outcomes:
Efficacy endpoints including exercise tolerance testing; use of antianginal medication; CCS functional
class; health-related QOL (Seattle Angina Questionnaire, SF-36, Dyspnea Questionnaire, EQ-5D); com-
bined rate of MACE, SPECT, cardiac MRI (in a substudy). Safety endpoints including adverse event re-
porting, chest X-ray, and echocardiology and laboratory screening.
Outcome assessment points: Baseline, 6 and 12 months
Method(s) of outcome measurement: CCS functional class
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Participants were randomly assigned to 1 of 3 treatment groups via a tele-
tion (selection bias) phone call-in and an interactive voice-response system.
Allocation concealment Low risk The cell-processing laboratory at each centre was responsible for making the
(selection bias) randomisation call and preparing the CD34+ cells or control injection accord-
ingly.
Blinding of participants Low risk All participants were administered G-CSF prior to treatment and had CD34+
and personnel (perfor- cells collected. Controls received a placebo solution in a syringe that was iden-
mance bias) tical for both treatment arms.
All outcomes
Blinding of outcome as- Low risk An independent committee conducted the analysis. All study personnel re-
sessment (detection bias) mained blinded until the end of the study.
All outcomes
Incomplete outcome data ~ Low risk All randomised participants were included in analyses at follow-up on an in-
(attrition bias) tention-to-treat basis.
All outcomes
Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00300053) were reported.
porting bias)
Other bias High risk Baxter Healthcare sponsored the study and was responsible for the conduct of

the investigation. No other sources of bias were reported or identified.

Mathiasen 2015

Methods

Type of study: Parallel RCT
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Mathiasen 2015 (continued)

Type of publication: Full paper

Source of funding: Supported by the Arvid Nilsson's Foundation, Aase and Ejnar Danielsen's Founda-
tion, Agustinus Foundation, the Research Foundation at Rigshospitalet, Axel Muusfeldt Foundation, Eva
and Henry Fraenkel's Foundation, Gangsted Foundation, Vera and Fleming Westerberg's Foundation,
Jeppe and Ovita Juhl's Foundation, Sophus and Astrid Jacobsen Foundation.

Study setting: Copenhagen, Denmark

Number of centres: 1

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC: 40; Controls: 20

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 40; Controls: 20

Participants

Description: Severe ischaemic HF (aged 30 to 80 years; optimal medical therapy with no change in med-
ication for 2 months; no revascularisation options, LVEF < 45%; NYHA class II-111).

Age distribution in each arm: BMSC: 66.1 (7.7) years; Controls: 64.2 (10.6) years
Sex (% male) in each arm: BMSC: 90%; Controls: 70%

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: n/r
Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: BMSC

Type of stem cells: Mesenchymal stem cells

Summary of stem cell isolation and type and route of delivery: A total of 50 mL bone marrow aspirate
was obtained from the iliac crest by needle aspiration under local anaesthesia. The marrow sample was
diluted 1:2 with PBS. MNC were harvested by gradient centrifugation on lymphoprep (density 1077 g/
cm3), then primary cell cultures were established by seeding 2 x 107 BMMNC using a T75 culture flask in
complete medium (DMEM low glucose (1 g/L) with 25 mM HEPES and L-Glutamine, 1% penicillin/strep-
tomycin and 10% fetal bovine serum). The cells were incubated at 37°C in humid air with 5% CO,. The
medium was changed 5 days after plating and subsequently every 3 or 4 days. After 2, 3, 4, and 5 weeks
of cultivation, cells were harvested. Mesenchymal stromal cells were successfully culture expanded
under good manufacturing practice conditions for 46.9 + 10.5 days. Participants were treated with the
number of cells reached after 2 passages.

Dose of stem cells: mean 77.5 (67.9) x 10e6
Timing of stem cell procedure: Mesenchymal stromal cells were successfully culture expanded under
good manufacturing practice conditions for 46.9 (10.5) days following BM aspiration.

G-CSF details: No G-CSF administered.

Comparator arm: Placebo (BM aspiration; PBS mixed with a drop of the participant’s blood to maintain
blinded appearance of placebo solution).

Co-intervention: Standard medical therapy

Outcomes Primary outcome:
Changes in LVESV at 6 months' follow-up
Secondary outcome:
Clinical improvements at 6 and 12 months
Note: the main study publication reports secondary outcomes as LVEDV, LVEF, SV, cardiac output, LV
myocardial mass, wall thickness, wall thickening, scar volume, NYHA class, CCS class, 6MWT, weekly
angina attacks and weekly use of nitroglycerine, biomarkers, the Seattle Angina Questionnaire and
Kansas City Cardiomyopathy Questionnaire, and safety (Mathiasen 2015).
Outcome assessment points: Baseline, 6 months
Method(s) of outcome measurement: MRI; computed tomography

Notes
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Mathiasen 2015 (continued)
Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  Low risk Participants were enrolled in a 2:1 computer-generated randomisation list
tion (selection bias) blocks of 6.
Allocation concealment Low risk The randomisation list was generated by a person unrelated to the study
(selection bias) group.
Blinding of participants Low risk The trial investigators, study nurses, and participants were blinded to treat-
and personnel (perfor- ment allocation. To maintain blinding, a drop of the participant's blood was
mance bias) mixed into the syringe containing MSC or placebo by the stem cell laboratory
All outcomes to make the MSC solution and placebo identical.
Blinding of outcome as- Low risk The trial investigators and experienced physicians who performed the MRI
sessment (detection bias) analyses were blinded to treatment allocation.
All outcomes
Incomplete outcome data  Low risk All randomised participants were included in all analyses at follow-up on an
(attrition bias) intention-to-treat basis.
All outcomes
Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00644410) were reported.
porting bias)
Other bias Low risk No other sources of bias were reported or identified.

Mozid 2014_IC
Methods Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: National Institute of Health Research (UK), Heart Cells Foundation, Barts and The
London Charity, Chugai Pharma UK, and Cordis Corporation.

Study setting: London, UK

Number of centres: 1

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC: 14; Controls: 2

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 14; Controls: 2

Participants

Description: Advanced HF (NYHA class II-IV; optimal medical therapy and device therapy with no further
treatment options).

Age distribution in each arm: Mean 70 (10) years
Sex (% male) in each arm: 94%

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: Duration since last MI: 11 (7) years
Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: G-CSF + BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: 50 mL BM was obtained from the poste-
rior iliac crest. The BMSC fraction was obtained from the BM samples, and cells were resuspended in
10 mL autologous serum. All samples were maintained at room temperature for the entire procedure.
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Following arterial access, a weight-adjusted (70 IU/kg) bolus dose of unfractionated heparin was ad-
ministered. A coronary angiogram was performed to expose the largest possible area of the left ventri-
cle to the injectate via the intact coronary circulation. The total 10 mL volume of injectate was divided
equally and injected down patent coronary arteries or grafts, or both through an over-the-wire balloon
catheter (Medtronic, Galway, Ireland). The balloon was inflated at low pressure to occlude blood flow,
while the appropriate volume of injectate was delivered distally over 3 minutes. This procedure was re-
peated in the remaining target vessels.

Dose of stem cells: Mean 8.6 (11.0) x 107
Timing of stem cell procedure: n/r

G-CSF details: 10 ug/kg/day for 5 days

Comparator arm: G-CSF + placebo (BM aspiration; 10 mL autologous serum)

Co-intervention: Standard medical therapy

Outcomes Primary outcomes:

None (change in global LVEF from baseline (12 months) is a primary outcome in the main REGENER-
ATE-IHD trial but not included in the pilot study)

Secondary outcomes:

Change in quality of life (6 and 12 months); NT-proBNP (6 months); major adverse cardiac events (12
months); change in NYHA class (12 months)

Outcome assessment points: Baseline and 6 months

Method(s) of outcome measurement: NYHA class; MRI, computed tomography

Notes

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Participants were enrolled in a 1:1 computer-generated randomisation list.

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Low risk All participants received G-CSF, underwent bone marrow aspiration, and re-

and personnel (perfor- ceived a placebo infusion. Blinding of clinicians was not specifically reported,

mance bias) but the trial was described as "double-blind".

All outcomes

Blinding of outcome as- Low risk The endpoints of NYHA and CCS classifications were measured by an investiga-

sessment (detection bias) tor blinded to the participant's treatment assignment.

All outcomes

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and

(attrition bias) morbidity on an intention-to-treat basis.

All outcomes

Selective reporting (re- Unclear risk This is a pilot study report that only reports 6-month follow-up of the sec-

porting bias) ondary outcomes described in the protocol (NCT00747708).

Other bias High risk Partially sponsored by Chugai Pharma UK and the Cordis Corporation. The pri-
mary investigator of this trial is an author of this Cochrane review. No other
sources of bias were reported or identified.

Stem cell therapy for chronic ischaemic heart disease and congestive heart failure (Review) 81

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health. Cochrane Database of Systematic Reviews

Mozid 2014_IM

Methods

Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: National Institute of Health Research (UK), Heart Cells Foundation, Barts and The
London Charity, Chugai Pharma UK, and Cordis Corporation.

Study setting: London, UK

Number of centres: 1

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC: 10; Controls: 8

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 10; Controls: 8

Participants

Description: Advanced HF (NYHA class II-IV; optimal medical therapy and device therapy with no further
treatment options).

Age distribution in each arm: Mean 64 (9) years

Sex (% male) in each arm: 100%

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: Duration since last MI: 7 (5) years
Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: G-CSF + BMSC

Type of stem cells: Mononuclear cells

Summary of stem cell isolation and type and route of delivery: 50 mL BM was obtained from the posteri-
oriliac crest. The BMSC fraction was obtained from the BM samples, and cells were resuspended in 10
mL autologous serum. All samples were maintained at room temperature for the entire procedure. Af-
ter femoral arterial access, a weight-adjusted (70 IU/kg) bolus dose of heparin was administered. Par-
ticipants underwent left ventricular electromechanical mapping using NOGA XP Cardiac Navigation
System (Biologics Delivery Systems Group, Cordis Corporation, CA, USA) and direct intramyocardial in-
jection with a MyoStar injection catheter. The number of sampling points for the mapping procedure
varied between 86 and 110. The target areas for injection were the border zones around the scar tissue
based on voltage criteria obtained using the NOGA map (areas greater than 6.9 mV). Areas of the my-
ocardium with a wall thickness of <5 mm were avoided. The total 2 mL volume of injectate was divided
and delivered equally to 10 target areas at approximately 1-centimetre intervals.

Dose of stem cells: Mean 5.2 (5.3) x 107
Timing of stem cell procedure: n/r

G-CSF details: 10 ug/kg/day for 5 days
Comparator arm: G-CSF + placebo (BM aspiration; 2 mL autologous serum)

Co-intervention: Standard medical therapy

Outcomes

Primary outcomes:

None (change in global LVEF from baseline (12 months) is a primary outcome in the main REGENER-
ATE-IHD trial but not included in the pilot study)
Secondary outcomes:

Change in quality of life (6 and 12 months); NT-proBNP (6 months); major adverse cardiac events (12
months); change in NYHA class (12 months)

Outcome assessment points: Baseline and 6 months
Method(s) of outcome measurement: NYHA class; MRI, computed tomography

Notes

Risk of bias
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Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were enrolled in a 1:1 computer-generated randomisation list.
tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not reported.

(selection bias)

Blinding of participants Low risk All participants received G-CSF, underwent bone marrow aspiration, and re-
and personnel (perfor- ceived a placebo infusion. Blinding of clinicians was not specifically reported,
mance bias) but the trial was described as "double-blind".

All outcomes

Blinding of outcome as- Low risk The endpoints of NYHA and CCS classifications were measured by an investiga-
sessment (detection bias) tor blinded to the participant's treatment assignment.

All outcomes

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity on an intention-to-treat basis.

All outcomes

Selective reporting (re- Unclear risk This is a pilot study report that only reports 6-month follow-up of the sec-
porting bias) ondary outcomes described in the protocol (NCT0O0747708).

Other bias High risk Partially sponsored by Chugai Pharma UK and the Cordis Corporation. The pri-

mary investigator of this trial is an author of this Cochrane review. No other
sources of bias were reported or identified.

Nasseri 2012

Methods

Type of study: Parallel RCT

Type of publication: Full paper
Source of funding: Supported in part by Miltenyi Biotec and by the German Bundesministerium fur Bil-
dung und Forschung.

Study setting: Berlin, Germany

Number of centres: 1

Length of follow-up: 6 months

Number (N) of participants randomised to each arm: BMSC: 30; Controls: 30

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 28; Controls: 26

Participants

Description: Chronic IHD (indication for CABG surgery; reduced global LVEF by transthoracic echocar-
diography at rest (LVEF < 35); presence of akinetic or hypokinetic and hypoperfused LV myocardium on
MRI for defining the target area).

Age distribution in each arm: BMSC: 61.9 (7.3) years; Controls: 62.7 (10.6) years

Sex (% male) in each arm: BMSC: 93%; Controls: 97%

Number of diseased vessels: n/r

Time from symptom onset to initial treatment: Duration since last MI: BMSC: 2.6 months (range 17 days
to 17.1 years); Controls: 1.5 months (range 14 days to 28.5 years).

Statistically significant baseline imbalances between the groups? None.

Interventions

Intervention arm: BMSC

Type of stem cells: CD133+ progenitor cells

Summary of stem cell isolation and type and route of delivery: All participants underwent BM aspiration
from the left posterior iliac crest with local anaesthesia and analgosedation. An average BM volume
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of 196 +/- 28 mL was harvested and diluted with 20 mL saline solution containing 1000 U heparin. The
BM solution was filtered, transferred into a plastic bag, and washed with PBS/EDTA solution contain-
ing 0.5% human serum albumin. This cell suspension was incubated with human IgG 5% as blocking
reagent, labelled with 7.5mL reconstituted CD133 MicroBeads, murine anti-human CD133 monoclonal
antibodies conjugated to superparamagnetic iron dextran particles. Then CD133+ cells were separat-
ed using the CliniMACS Magnetic Separation device. The enriched cell fraction was reconstituted with
13 mL saline containing 10% autologous serum. Samples were drawn for cell numbers, purity, viability,
and proof of sterility. Finally, cells were aliquoted into 1-millilitre syringes and stored at 4°C without he-
parin.

Dose of stem cells: Median 5.1 (IQR 3.0 to 9.1) x 106 CD133+ cells
Timing of stem cell procedure: 36 hours after BM aspiration

G-CSF details: No G-CSF administered.

Comparator arm: Placebo (BM aspiration; isotonic sodium chloride solution containing 10% autolo-
gous serum)

Co-intervention: CABG

Outcomes Primary outcomes:

LVEF at rest, measured 6 months' postoperatively by MRI.
Secondary outcomes:

Change in LVEF compared with preoperatively and early postoperatively
Regional contractility in the area of interest

Physical exercise capacity determined by 6-minute walk test

Perfusion in the AOI

Change in LV dimensions

NYHA and CCS class

MLHFQ

Death, MI, or need for reintervention during follow-up

O NN

Post-hoc outcome:

Infarct scar size.
Outcome assessment points: Baseline, 6 months
Method(s) of outcome measurement: MRI

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Randomisation was conducted in the cell preparation facility. Group allocation
tion (selection bias) was performed according to a predefined non-block-wise 1:1 randomisation
plan.

Allocation concealment Low risk The randomisation plan was accessible only to the external cell processing
(selection bias) team that prepared the cell product or placebo.
Blinding of participants Low risk All participants underwent bone marrow aspiration. Syringes were prepared
and personnel (perfor- with either cells or placebo solution, and an ID number was added so that par-
mance bias) ticipants, the surgical team, and all investigators were unaware of treatment
All outcomes allocation.
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Blinding of outcome as- Low risk Syringes were prepared with either cells or placebo solution, and an ID num-
sessment (detection bias) ber was added so that participants, the surgical team, and all investigators

All outcomes were unaware of treatment allocation.

Incomplete outcome data  Low risk All randomised participants were included in the analysis of mortality and
(attrition bias) morbidity (3x cell therapy and 1x control were excluded from exercise testing).
All outcomes In MRI analysis, the number of withdrawals was low (treatment: 2/30 vs con-

trol: 4/30), and reasons for exclusion were given. 4 participants (3 cell therapy,
1 control) did not undergo exercise tests.

Selective reporting (re- Low risk All outcomes reported in the trial protocol (NCT00462774) were reported. One
porting bias) post-hoc outcome was clearly defined as such.
Other bias High risk Supported in part by Miltenyi Biotec and the German Bundesministerium

fur Bildung und Forshcung. Two authors received lecture fees from Miltenyi
Biotec. No other sources of bias were reported or identified.

Patel 2005

Methods Type of study: Parallel RCT
Type of publication: Full paper (6 months); abstract (10 years)
Source of funding: Not reported.
Study setting: Rosario, Argentina
Number of centres: 1
Length of follow-up: 10 years
Number (N) of participants randomised to each arm: BMSC: 10, Controls: 10 (pilot study); BMSC: 25, Con-
trols: 25 (long-term follow-up)
Number (N) of participants analysed (primary outcome) in each arm: BMSC: 10, Control: 10 (pilot study);
BMSC: 25, Controls: 25 (long-term follow-up)

Participants Description: 1schaemic HF (LVEF < 35% by echocardiography and multiplanar cardiac catheterisation;
NYHA class Il or IV; requiring revascularisation, undergoing off-pump CABG).
Age distribution in each arm: BMSC arm: 64.8 + 7.1 years old; Control arm: 63.6 + 5.2 years old (pilot
study data).
Sex (% male) in each arm: BMSC arm: 80%; Control arm: 80% (pilot study data).
Number of diseased vessels: Not reported.
Time from symptom onset to initial treatment: At least 7 days after the last MI, all participants had histo-
ry of Ml and revascularisation by PCI.
Statistically significant baseline imbalances between the groups? No.

Interventions Intervention arm: BMSC
Type of stem cells: CD34+ progenitor cells
Summary of stem cell isolation and type and route of delivery: Bone marrow was harvested from the ili-
ac bone in a sterile fashion after achievement of general anaesthesia. A special multihold harvest nee-
dle with a 60-millilitre syringe was designed to minimise the anaesthetic time. It was introduced into
the iliac bone between both posterior iliac spines at both sides. 500 mL to 600 mL of BM with a mini-
mal number of puncture sites was harvested. At least 250 mL BM must have been harvested to contin-
ue with the protocol. Harvested BM was placed in a blood bag with 10,000 U of heparin sulfate and 400
um of lysine acetylsalicylate to avoid platelet clumping. The BM was filtered on a 500-micrometre filter
followed by a 200-micrometre filter. The resulting solution was mixed with hydroethylstarch 6%. The
supernatant was centrifuged at 400 g for 15 mins. The cellular pellet was resuspended in PBS. The cell
solution was mixed 3:1 with a solution of 155 mmol/L ammonium chloride, 10 mmol/L potassium bi-
carbonate, and 0.1 mmol/L EDTA and set for 5 mins at room temperature. The solution was then cen-
trifuged at 400 g for 10 mins. The pellet was washed with PBS and resuspended. The cell suspension
was placed over Ficoll-Paque (1.077 density) 4:1 and centrifuged at 400 g for 30 mins. The upper layer
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was aspirated, leaving the mononuclear cell layer at the interphase. The interphase cells were trans-
ferred to a new conical tube with PBS and centrifuged at 300 g for 10 mins. The supernatant was com-
pletely removed, and the cell pellet was resuspended in PBS. Cell counts were performed, and the mag-
netic labelling with Isolex 300i was performed to obtain an enriched product of at least 70% CD34+
cells. The resulting cell solution was resuspended in 30 mL of the participant's own plasma and 10,000
U of heparin sulphate. 30 mL of cell preparation was delivered in 1 mL aliquots over a 2-second period.
The injections into the myocardium were spaced 1 cm apart and spaced to avoid coronary vessels. In-
jections were 3 mm to 5 mm in depth.

Dose of stem cells: Median 22 x 106 CD34+ cells.

Timing of stem cell procedure: At least 7 days following last MI.

G-CSF details: No G-CSF administered.
Comparator arm: Control (no BM aspiration, no placebo)

Co-intervention: CABG

Outcomes Primary outcomes: Not reported.
Secondary outcomes: Global LVEF, LVEDV, NYHA class (6 months only), arrhythmias (6 months) only.
Outcome assessment points: Baseline and 1, 3, and 6 months; 1, 5, and 10 years
Method(s) of outcome measurement: SPECT; echocardiography
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk A person who did not participate in the trial had the choice of picking a
tion (selection bias) coloured ball (red = BMSC arm; blue = control arm).
Allocation concealment Unclear risk The person undertaking the randomisation procedure did not participate in
(selection bias) the trial.
Blinding of participants Unclear risk Clinicians were not blinded. The authors report that participants were blind-
and personnel (perfor- ed, although the control group did not undergo bone marrow aspiration and
mance bias) no placebo was used.
All outcomes
Blinding of outcome as- Low risk The reviewers of imaging studies (cardiologists) were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk All randomised participants were included in the analyses of all outcomes at
(attrition bias) follow-up.
All outcomes
Selective reporting (re- Unclear risk All outcomes mentioned in the methods were reported in the results, although
porting bias) it would be difficult to rule out selective reporting. No prospectively registered
or published trial protocol was identified.
Other bias Low risk No other sources of bias were reported or identified.
Patel 2015
Methods Type of study: Parallel RCT
Type of publication: Full paper
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Source of funding: Funded by Harvest Technologies, Plymouth, MA. One study investigator (A. Patel)
has "compensated honoraria" from Cook Medical Inc.

Study setting: Utah and California, USA; Rostock and Berlin, Germany; and Grugoan, India
Number of centres: 5

Length of follow-up: 12 months

Number (N) of participants randomised to each arm: BMSC: 24; Controls: 6

Number (N) of participants analysed (primary outcome) in each arm: BMSC: 22; Controls: 6

Participants Description: CHF (aged > 18 years; LVEF < 40% by contrast echocardiography, NYHA class lll or IV, stable
with standard medical therapy for at least 1 month before screening, and a life expectancy of 6 months
or longer).

Age distribution in each arm: BMSC: 58.5 (12.7) years; Controls: 52.7 (8.5) years.
Sex (% male) in each arm: BMSC: 91.7%; Controls: 100%.

Number of diseased vessels: n/r
Time from symptom onset to initial treatment: n/r (at least 7 days since last MI).
Statistically significant baseline imbalances between the groups? None.

Interventions Intervention arm: BMSC
Type of stem cells: Bone marrow cell concentrate
Summary of stem cell isolation and type and route of delivery: Approximately 240 mL of bone marrow
was aspirated from the posterior iliac crest. The samples was concentrated to a volume of 60 mL over
15 mins using the Harvest Bone Marrow Aspirate Concentrate System (from Harvest Technologies, Ply-
mouth, MA). The concentrate comprised mononuclear cells. Retrograde delivery through the coronary
sinus, accessed via the right femoral vein using a 7F 8 mm x 40 mm balloon catheter (Cook Medical Inc)
under fluoroscopic guidance. The 60 mL of BM concentrate was infused continuously over a 5-minute
period. The balloon was kept inflated for 10 min afterwards to allow the migration of cells into the car-
diac tissue.

Dose of stem cells: Mean 3.7 (0.9) x 109 nucleated cells.
Timing of stem cell procedure: 29 (14) minutes from venous access.

G-CSF details: No G-CSF administered.
Comparator arm: Control (no BM aspiration; no placebo)

Co-intervention: Standard medical therapy

Outcomes Primary outcomes:

Number of participants with adverse events as a measure of safety and tolerability (12 months)
Secondary outcomes:

To assess the effect of the infusion of bone marrow nucleated cells on the clinical course of angina as
measured by QOL questionnaire, MLHFQ, NYHA and CCS classification, and SPECT (12 months)

Assess the effect of the infusion of bone marrow nucleated cells on the clinical course of HF (12
months)

Outcome assessment points: Baseline; 1, 3, 6, and 12 months

Method(s) of outcome measurement: SPECT, NYHA class, CCS class, MLHFQ

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk "Electronic randomisation" was performed.

tion (selection bias)

Stem ce