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Abstract

Background: Acute myocardial infarction (M) remains one of the leading causes of death worldwide with no
curative therapy available. Stem cell therapies have been gaining interest as a means to repair the cardiac tissue
after Ml and prevent the onset of heart failure. Many in vivo reports suggest that the use of stem cells is promising,
yet clinical trials suggest that the cells fail to integrate into the native tissue, resulting in limited improvements in
cardiac function and repair. To battle this limitation, the combination of using stem cells embedded in a bioactive
scaffold that promotes cell retention is growing in interest. Yet, a systematic review of the literature on the use of
stem cells embedded in bioactive scaffolds for cardiac repair has not yet been performed. In this protocol, we
outline a systematic review and meta-analysis of preclinical trials in animal MI models that utilize stem cell-embedded
scaffolds for cardiac repair and compare their effects to stem cell-treated animals without the use of a scaffold.

Methods/design: We will search the following electronic databases: Cochrane Library, MEDLINE, Embase, PubMed,
Scopus and Web of Science, and gray literature: Canadian Agency for Drugs and Technologies in Health and Google
Scholar. We will only include randomly controlled preclinical trials that have directly investigated the effects of stem
cells embedded in a scaffold for cardiac repair in an animal Ml model. Two investigators will independently review
each article included in the final analysis. The primary endpoint that will be investigated is left ventricular ejection
fraction. Secondary endpoints will include infarct size, end systolic volume, end diastolic volume, fractional shortening
and left ventricular wall thickness. Pooled analyses will be conducted using the DerSimonian-Laird random effects and
Mantel-Haenszel fixed-effect models. Between-studies heterogeneity will be quantified and determined using the
Tau? and /* statistics. Publication bias will be assessed using visual inspection of funnel plots and complemented by
Begg's and Egger’s statistical tests. Possible sources of heterogeneity will be assessed using subgroup-meta analysis
and meta-regression.

Discussion: To date, the use of scaffolds in myocardial repair has not yet been systematically reviewed. The results of
this meta-analysis will aid in determining the efficacy of stem cell-embedded scaffolds for cardiac repair and help bring
this therapy to the clinic.
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Background

The burden of heart failure afflicts approximately 6.5 mil-
lion Americans over the age of 20 [1]. It is characterized
as the inability of the heart to meet the metabolic de-
mands of the body [2]. Although there are several types of
heart failure, the most common is left ventricular heart
failure, generally caused by myocardial infarction (MI).
The immediate result of MI is the death of cardiomyo-
cytes, fibroblasts, and endothelial cells [3]. The heart at-
tempts to compensate by increasing the workload on the
neighboring cells. This compensatory mechanism is help-
ful at first; however, overtime it leads to maladaptive
cardiac remodeling and progression towards heart failure
[4—6]. With no curative therapies available, heart failure pa-
tients are forced to use left ventricular assist devices or
undergo heart transplantation, both of which require very in-
vasive surgeries with significant morbidity and mortality [7].

In an attempt to find innovative therapies for heart fail-
ure patients, researchers have been investigating the use of
stem cells for cardiac repair over the past 18 years [8]. It is
well understood that direct injection of stem cells result in
acute improvements in left ventricular ejection fraction
(LVEEF), scar size, and left ventricular remodeling [8]. Yet,
the results from clinical trials indicate only modest im-
provements in cardiac function [8, 9]. One of the major
reasons for these limited outcomes is insufficient cell en-
graftment in the cardiac tissue [10, 11]. Several strategies
are currently being explored to battle this limitation; how-
ever, one of the most promising therapies is to embed cells
in a bioactive scaffold, a 3D structure that promotes cell
retention, growth, and tissue repair [12—14], and implant
this cell-scaffold structure into infarcted hearts.

There are two types of scaffolds that have been used in
cell-based therapies for cardiac repair: hydrogels and
patches [14]. Several naturally occurring compounds are
utilized to generate hydrogels such as chitosan, collagen,
decellularized tissues, fibrin, hyaluronic acid, keratin,
Matrigel, and synthetic polymers composed of either poly-
ethylene glycol or poly(N-isoproylacrylaminde are also be-
ing investigated [15]. One of the major advantages of
using hydrogels for cardiac repair is that they are inject-
able and can be administered using minimally invasive
procedures, such as epicardial, intracoronary, and endo-
cardial injections [15]. Preclinical trials in animal MI
models using stem cell-embedded hydrogels have shown
an attenuation of ventricular remodeling and inflamma-
tion while improving ejection fraction and reducing scar
size [16—18]. Interestingly, a recent clinical trial found that
severe heart failure patients injected with an
alginate-based hydrogel, coupled with standard therapy,
improved peak VO2 and time in a 6-min walk test after
6 months of therapy [19], indicating that hydrogel-based
therapies alone can be used to treat heart failure patients.
Several materials for cardiac patches have also been
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identified; these include collagen, fibrin, decellularized tis-
sues, and synthetic polymers such as polygycolic acid, poly
e-caprolactone-co-l-lactide, poly-glycerolsebacate, and
polydimethylsiloxane [20]. Although the use of these
patches require open heart surgery, it is likely that minim-
ally invasive approaches will be explored in the future
[21]. Preclinical trials suggest that patches promote car-
diogenic differentiation, cell retention, and proliferation
while reducing scar formation [21-23]. Moreover, a recent
clinical trial utilized a fibrin-based patch embedded with
differentiated human embryonic stem cells and reported a
36% improvement in LVEF [24, 25].

The use of bioactive scaffolds for cardiac repair is a
promising therapy, yet, a systematic review of the litera-
ture has not yet been conducted. In this protocol, we
outline a meta-analysis to summarize the current evi-
dence on the use of stem cells in bioactive scaffolds for
cardiac repair in animal MI models. The results of this
study will aid in understanding the benefits of using
scaffolds for cardiac repair and bringing this therapy to
the clinic.

Methods/design

Protocol

This protocol was written in accordance with the pre-
ferred reporting items for systematic reviews and
meta-analysis protocols (PRISMA-P) guidelines (Add-
itional file 1) [26] and is adapted from the structure pro-
vided in the Systematic Review Protocol for Animal
Intervention Studies [27]. This protocol will be regis-
tered in PROSPERO after feedback and peer review.

Specify the disease of interest

Due to the inherent limitations of adult cardiomyocytes,
the cardiac tissue becomes irreversibly necrosed after an
MI [28], with approximately 50% of heart failure patients
dying within 5 years from their MI [29]. The pre-clinical
model for MI in humans is coronary artery ligation of
the left descending coronary artery in animals, leading
to either partial or complete obstruction of blood flow
to the left ventricle.

Specify the population studies

Bioactive scaffolds have been used in several animal MI
models. Therefore, we will include all preclinical studies
that use the following animals: rats, mice, pigs, rabbits,
goats, dogs, and sheep.

Specify the intervention

The intervention will consist of stem cell-based therapies
for cardiac repair with or without a bioactive scaffold.
Stem cells are defined as undifferentiated cells that are
clonogenic and can differentiate into other cells types.
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Studies will be included if they utilize one of the follow-
ing scaffolds: hydrogels or patches.

Specify the control population

Studies will be included only if they provide data for a
suitable cell-based control. Sham animals or saline/
PBS-injected animals will be excluded from the analysis.

Specify the outcome measures
Primary endpoint: LVEF.

Secondary endpoints: infarct size, end systolic volume,
end diastolic volume, fractional shortening, and left ven-
tricular wall thickness.

Research question
Do scaffolds provide better functional outcomes for car-
diac repair than a stem cell-only approach?

Identify the literature databases and search terminology
We will search the following electronic databases:
Cochrane Library, MEDLINE, Embase, PubMed, Scopus
and Web of Science, and gray literature: Canadian Agency
for Drugs and Technologies in Health and Google
Scholar. The search terminologies that will be utilized are
described in Table 1.

Other sources

We will also analyze the reference lists of previous
meta-analyses and reviews to further identify relevant stud-
ies. Reference lists of eligible studies will also be reviewed.

Study selection protocol
Two independent reviewers (K.K. and K.G) will screen
through each article via two phases:

1. Title/abstract screening
2. Full-text screening

Both reviewers will attempt to agree on the studies in-
cluded in the meta-analysis. If no agreement can be
reached, a third reviewer (R.C.) will be consulted.

Reporting of results
Results of the meta-analysis will be reported in accord-
ance with the PRISMA guidelines [26].

Study selection criteria

Type of study design

Inclusion criteria: randomized, controlled trials.
Exclusion criteria: non-randomized, non-controlled

trials, reviews, case studies, and editorials.
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Table 1 Search terminology to be used in the meta-analysis

# Term
Tissue Scaffolds/

exp Cell Engineering/

(scaffold* or hydrogel* or patch* or bead* or biomaterial*).twkf.
(tissu* adj3 engineer®).tw kf.

lTor2or3or4

exp Stem Cells/

Myocytes, Cardiac/

Myocardium/cy [Cytology]

limit 8 to yr.="1968-2002"

O 00 N O U N W N

o

Cell Differentiation/

limit 10 to yr.="1966-1983"
Cell Line/

limit 12 to yr.="1969-1983"
Cells, Cultured/

limit 14 to yr.="1972-1983"

[ N o R N

Colony-Forming Units Assay/
limit 16 to yr.="1979-1983"

o N

((progenitor* or cardi* or heart* or stem* or mother) adj5
(cell* or myocyt®)).tw,kf.

19 (cardiomyocyt* or cardio myocyt* or cardiac myocyt¥).tw kf.
20 or/6-19

21 5and 20

22 exp Myocardial Infarction/

23 (Ml or AMI or STEMI or NSTEMI or ((myocard* or myo-card* or heart*
or cardiac* or subendocard* or coronary) adj3 (infarct* or reinfarct*
or attack®))).twkf.

24 (MACE or ((major or acute) adj1 ((cardiac* or cardio* or coronary)
adj1 event®))).tw kf.

25 22 or230r24

26 21 and 25

27 Regeneration/

28 (repair* or regen* or heal* or preserv¥).twkf.
29 27 or 28

30 26and 29

31 Animals/ not (Animals/ and Humans/)

32 ((animals or animal or canine* or cat or cats or dog or dogs or feline
or goat* or hamster* or mice or monkey or monkeys or mouse or
murine or pig or pigs or piglet* or porcine or primate* or rabbit* or
rats or rat or rodent* or sheep*) not (human* or patient®)).i.

33 31or32
34 30and 33

35 remove duplicates from 34

Type of disease model
Inclusion criteria: animal MI models through temporary
or permanent occlusion of the coronary arteries. There
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will be no restrictions in terms of time and type of cor-
onary occlusion.
Exclusion criteria: co-intervention studies.

Type of intervention
Inclusion criteria: studies utilizing a scaffold for stem
cell-based cardiac repair. There will be no restrictions
on the type of scaffold or stem cell used.

Exclusion criteria: non-scaffold-based trials, non-stem
cell trials.

Type of outcome measures
Inclusion criteria: The primary endpoint for this study
will be LVEF by echocardiography. If the study men-
tioned the use of echo but did not report the data for
any of the primary or secondary outcomes measures, the
authors will be contacted via email to provide this infor-
mation. If authors do not respond within 4 weeks of ini-
tial contact, a second email will be sent. In parallel, the
authors will also be contacted via several research plat-
forms: ResearchGate, Academia, Loop and Quora. If au-
thors do not respond after 4 weeks of the second
contact, the study will be excluded from the analysis.
Only studies reporting means and standard deviation or
standard error of the mean will be included.

Exclusion criteria: studies that did not measure LVEF
by echocardiography or if missing data was not provided
by the authors after email contact.

Language restrictions
No language restrictions will be placed when searching
for studies.

Publication date restrictions
No date restrictions will be placed when searching for
studies.

Order for a priori title/abstract screening

No original data

No stem cell treatment
No scaffold

No animal models

No MI

ARl e

Order for a priori full-text screening

No original data

No stem cell treatment
No scaffold

No animal models

No MI

LVEF not reported

No randomization

A AN
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8. No suitable control

Study characteristics to be extracted
Study characteristics will be extracted from selected arti-
cles using a standardized proforma criteria (Table 2).

Outcomes and units of measurement

LVEF as %

End systolic volume in mL

End diastolic volume in mL

Infarct size as %

Left ventricular wall thickness in mm
Fractional shortening as %

AU e

Risk of bias assessment
Risk of bias will be measured using the SYRCLE’s risk of
bias tool (Table 3) [30].

Methods of data extraction and retrieval

Relevant data will be extracted using a standardized pro-
forma. Data will be preferentially extracted from result ta-
bles in the selected manuscripts as mean + standard
deviation. If only individual data is present in the manu-
script, the mean and standard deviation will be calculated
from these values. If the data is not listed in the table, the
text in the results section will be carefully read for any im-
portant information. If the data is only available from
graphs, the data will be extracted manually using the
Image J° software version 1.47t (ImageJ, US National Insti-
tutes of Health, Bethesda, MD, http://imagej.nih.gov/ij/,
1997-2015). If the data is not available in the text, but
mentioned throughout the manuscript, the authors will be
contacted via email.

Data synthesis/analysis

Data combination

A systematic review of the literature will be performed,
combined into forest plots and meta-analyzed.

Table 2 Study characteristics to be extracted using
standardized proforma

Characteristic Details to be extracted

Study citation DOI, complete author list, publication year, journal,

funding source, geographical location of study
Study design Randomization method, number of animals per group
Animal model

MI model

Animal species, strain, sex, weight, age

Permanent ligation or ischemia-reperfusion injury,
duration of coronary occlusion

Intervention Type of scaffold, type of stem cell, cell characteristics,

dosage, delivery technique, duration of follow-up

Result LVEF, infarct size, end systolic volume, end diastolic
volume, fractional shortening, left ventricular wall

thickness
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Table 3 SYRCLE's risk of bias tool
Type of bias

Domain

Selection bias Sequence generation
Baseline characteristics

Allocation concealment

Performance bias Random housing

Blinding

Random outcome assessment
Blinding

Detection bias

Attrition bias Incomplete outcome data

Other sources of bias

Specify the criteria for combining data

The overall analysis will combine the data from the use
of all bioactive scaffolds and compared with cell-only
controls. Data will be further analyzed by subgroup ana-
lysis based on three major criteria: type of scaffold, stem
cell, and animal model. Therefore, a separate subgroup
meta regression will be performed for these criteria.

Specify the outcome measurements

LVEF: raw mean difference

End systolic volume: standardized mean difference
End diastolic volume: standardized mean difference
Infarct size: standardized mean difference

Left ventricular wall thickness: standardized mean
difference

6. Fractional shortening: raw mean difference

AR e

Specify possible sources of heterogeneity

1. Scaffold type (hydrogels, patches)
Cell type (embryonic, mesenchymal, cardiac
progenitor)

3. Cell characterization through gene/protein
expression analysis

4. Animal characteristics (species, sex, age, weight,
comorbidities)

5. Type of MI model (permanent ligation, ischemia-

reperfusion injury)

Duration of MI model

Follow-up

Randomization

. Blinding

10. Immunosuppressive therapy

© o N o

Specify the statistical model

Pooled analyses will be conducted using the DerSimonian-
Laird random effects or Mantel-Haenszel fixed-effect
models. In case of statistically significant between-studies
heterogeneity, random-effect models will be applied [31-
33]. Data will be expressed as mean differences (MD) with
95% CI and considered significant at P < 0.05. Forest plots
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will be used to display the relative treatment effect and its
95% CI for each trial, scaffold type, cell type, animal
model, and for the overall random-effects meta-analyses.
Data will be analyzed using Review Manager (RevMan)
5.3 (The Nordic Cochrane Centre, The Cochrane Collab-
oration, Copenhagen, Denmark) for primary analyses.
Meta-regressions will be performed to assess the signifi-
cance of subgroup effects with STATA software, v13 (Sta-
taCorp, College Station, TX) with a significance level set
at P < 0.05. Publication bias will be assessed by visual in-
spection of funnel plots and formally complemented by
Begg’s and Egger’s statistical tests [34], where P <0.05
was considered evidence of small study effects.
Between-studies heterogeneity will be quantified and
determined via the Tau® and I* statistics with the sig-
nificance level set at P<0.10 [33]. Sources of hetero-
geneity will be explored by sensitivity analysis via
systematic removal of individual trials.

Possible foreseen limitations

It may be likely that the studies that fit the inclusion cri-
teria may be too heterogeneous, as determined quantita-
tively by the Tau” and I statistics. In the event that this
occurs, DerSimonian-Laird random effects analysis will
be performed.

Discussion

Meta-analyses are a necessary step in bringing novel
therapies to the clinic, as they help to quantitatively re-
view the literature, while systematically exploring validity
and bias [33]. In innovative field, meta-analyses have
been widely used to understand controversial findings in
clinical and preclinical trials that use stem cells for car-
diac repair [8, 27, 35-37]. To add to this growing field
of research, we provide a protocol of a systematic review
and meta-analysis that explores the use of bioactive scaf-
folds in stem cell-based therapies for cardiac repair. To
our knowledge, this is the first meta-analysis that dir-
ectly investigates the combination of stem cells and bio-
active scaffolds for cardiac repair.

The use of bioactive scaffolds is a promising therapy to
improve the retention of exogenous stem cells in the car-
diac tissue. However, other therapies also exist. Since only
a small number of cells are thought to remain in the dis-
eased cardiac tissue after a single dose injection, repeated
cell administration strategies are also being utilized to en-
hance this effect [38]. Rats with induced MI given 3 doses
of stem cells 14 days apart demonstrated larger improve-
ments in left ventricular function compared to a single ad-
ministration [39]. Similar to drug therapies, it is thought
that the repeated administration of stem cells has a cumu-
lative effect on cardiac function [38]. Another strategy to
improve stem cell retention is to use cells that are differen-
tiated towards the cardiac lineage, also known as cardiac
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progenitor cells (CPCs) [40]. CPCs are able to self-renew
and differentiate into endothelial cells, smooth muscle
cells, and fibroblasts, and are characterized by several car-
diac markers such as c-kit, SSEA-1, Sca-1, and Isl-1 [41].
In fact, several CPC populations reside in the native adult
heart; however, these cells are not well characterized and
remain difficult to isolate. A recent meta-analysis investi-
gated the use of cardiac progenitor cells for cardiac repair
after MI in preclinical trials and reported significant im-
provements in LVEF compared to non-cardiac progenitor
cell controls [35]. Cardiosphere-derived cells (CDCs), car-
diac explants that have aggregated to form a sphere of pro-
liferating CPCs [42], were found to promote the greatest
improvements in LVEF [35]. In addition, a clinical trial
using autologous CDCs in patients after MI resulted in
significant reductions in scar mass and improved regional
contractility, and regional systolic wall thickening [43].
Given the recent boom in research on these novel therap-
ies for cardiac repair, it is likely that more clinical trials will
arise in the future.

In fact, a recent clinical trial combined the approach of
using embryonic stem cell-derived CPCs embedded in a
patch for cardiac repair [24]. Embryonic stem cells were
differentiated using a two-factor approach, and the differ-
entiated population was characterized appropriately [25].
These differentiated CPCs were then embedded in a
fibrin-based patch and delivered to patients undergoing
coronary artery bypass surgeries after MI. The study re-
ported that all patients had improved symptoms with sig-
nificant improvements in wall motion in the treated area
[25]. Thus, it is likely that a combination approach that
utilizes both CPCs and bioactive scaffolds is the most ef-
fective therapy for heart failure patients. The proposed
meta-analysis will aid in corroborating these findings, pro-
viding the necessary evidence for the use of bioactive scaf-
folds in the clinic.

There is a need for translational research that aids in
bringing more novel and innovative therapies to the
clinic. In this protocol, we have demonstrated the im-
portance of using bioactive scaffolds for cardiac repair
and provide a strategy for systematically reviewing the
literature. The results of this meta-analysis can be used
to bring scaffold-based stem cell therapies to the clinic,
in hopes of providing heart failure patients with better
health outcomes.

Additional file

Additional file 1: PRISMA-P Checklist. This protocol was written in
accordance with the PRISMA-P guidelines [26] and the line numbers are
references in PRISMA-P checklist explicitly. (PDF 207 kb)
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CPC: Cardiac progenitor cell; LVEF: Left ventricular ejection fraction;
MI: Myocardial infarction; PRISMA: Preferred Reporting Items for Systematic

Page 6 of 7

Reviews and Meta-Analyses; SYRCLE: Systematic Review Centre for Laboratory
Animal Experimentation

Acknowledgements
Not applicable

Funding
All funding for this work is provided by the Richard and Edith Strauss Foundation.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Authors’ contributions

KK, RC, and AS designed the research. KK and IM developed the search criteria
and methods. KK, KG, and LD revised the protocol and statistical analyses. KK
prepared the initial manuscript. All authors contributed to manuscript revisions
and final submission. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Division of Cardiology and Cardiac Surgery, McGill University Health Centre,
Montreal, Quebec, Canada. “Division of Experimental Medicine, Department
of Medicine, Faculty of Medicine, McGill University Health Centre, Montreal,
Quebec, Canada. *McConnell Resource Centre, McGill University Health
Centre, Montreal, Quebec, Canada. “Glen Campus-The Royal Victoria Hospital,
1001 Decarie Blvd, Block C, C07.1284, Montreal, Quebec H4A 3J1, Canada.

Received: 24 July 2018 Accepted: 17 October 2018
Published online: 05 December 2018

References

1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart
Disease and Stroke Statistics—2017 Update: A Report From the American
Heart Association [Internet]. Circulation. 2017. Available from: http://circ.
ahajournals.org/lookup/doi/10.1161/CIR.0000000000000485. Accessed 24
July 2018.

2. American Heart Association. Causes and Risks for Heart Failure [Internet]. Heart.
2015. p. 1. Available from: http://www.heart.org/HEARTORG/Conditions/
HeartFailure/CausesAndRisksForHeartFailure/Causes-and-Risks-for-Heart-Failure_
UCM_002046_Articlejsp#V-gWgvB97IU. Accessed 24 July 2018.

3. Whelan RS, Kaplinskiy V, Kitsis RN. Cell death in the pathogenesis of heart
disease: mechanisms and significance. Annu Rev Physiol. 2010;72:19-44
Available from: http.//www.annualreviews.org/doi/10.1146/annurev.physiol.
010908.163111.

4. Altara R, Manca M, Sabra R, Eid AA, Booz GW, Zouein FA. Temporal cardiac
remodeling post-myocardial infarction: dynamics and prognostic implications
in personalized medicine. Heart Fail Rev Springer US. 2016;21:25-47.

5. French BA, Kramer CM. Mechanisms of postinfarct left ventricular
remodeling. Drug Discov Today Dis Mech. 2007;4:185-96.

6. Prabhu SD, Frangogiannis NG. The biological basis for cardiac repair after
myocardial infarction. Circ Res. 2016;119:91-112.

7. Halushka MK, Mitchell RN, Padera RF. Heart failure therapies: new strategies
for old treatments and new treatments for old strategies. Cardiovasc. Pathol.
2016;25:503-11. https://doi.org/10.1016/j.carpath.2016.08.008.

8. Nguyen PK, Rhee J-W, Wu JC. Adult stem cell therapy and heart failure,
2000 to 2016: a systematic review. JAMA Cardiol. 2016;1:831-41 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/27557438%0A; http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5349705.


https://doi.org/10.1186/s13643-018-0845-z
http://circ.ahajournals.org/lookup/doi/10.1161/CIR.0000000000000485
http://circ.ahajournals.org/lookup/doi/10.1161/CIR.0000000000000485
http://www.heart.org/HEARTORG/Conditions/HeartFailure/CausesAndRisksForHeartFailure/Causes-and-Risks-for-Heart-Failure_UCM_002046_Article.jsp#.V-qWgvB97IU
http://www.heart.org/HEARTORG/Conditions/HeartFailure/CausesAndRisksForHeartFailure/Causes-and-Risks-for-Heart-Failure_UCM_002046_Article.jsp#.V-qWgvB97IU
http://www.heart.org/HEARTORG/Conditions/HeartFailure/CausesAndRisksForHeartFailure/Causes-and-Risks-for-Heart-Failure_UCM_002046_Article.jsp#.V-qWgvB97IU
http://www.annualreviews.org/doi/10.1146/annurev.physiol.010908.163111
http://www.annualreviews.org/doi/10.1146/annurev.physiol.010908.163111
https://doi.org/10.1016/j.carpath.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27557438%0A
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5349705
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5349705

Khan et al. Systematic Reviews

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

(2018) 7:225

Behfar A, Crespo-Diaz R, Terzic A, Gersh BJ. Cell therapy for cardiac
repair—Ilessons from clinical trials. Nat Rev Cardiol. 2014;11:232-46.
Yanamandala M, Zhu W, Garry DJ, Kamp TJ, Hare JM, Jun HW, et al.
Overcoming the roadblocks to cardiac cell therapy using tissue engineering.
J Am Coll Cardiol. 2017;70:766-75.

Tang J-N, Cores J, Huang K, Cui X-L, Luo L, Zhang J-Y, et al. Concise review:
is cardiac cell therapy dead? Embarrassing trial outcomes and new
directions for the future. Stem Cells Transl. Med. 2018:354-9 Available from:
http://doi.wiley.com/10.1002/sctm.17-0196.

Domenech M, Polo-Corrales L, Ramirez-Vick JE, Freytes DO. Tissue
engineering strategies for myocardial regeneration: acellular versus cellular
scaffolds? Tissue Eng Part B Rev. 2016;22:438-58.

Svystonyuk DA, Mewhort HEM, Fedak PWM. Using acellular bioactive
extracellular matrix scaffolds to enhance endogenous cardiac repair. Front
Cardiovasc Med. 2018;5:1-8 Available from: http://journal frontiersin.org/
article/10.3389/fcvm.2018.00035/full.

Cui Z, Yang B, Li RK. Application of biomaterials in cardiac repair and
regeneration. Engineering. 2016;2:141-8. https;//doi.org/10.1016/JENG.2016.
01.028.

Johnson TD, Christman KL. Injectable hydrogel therapies and their delivery
strategies for treating myocardial infarction. Expert Opin Drug Deliv. 2013;
10:59-72 Available from: http://www.tandfonline.com/doi/full/10.1517/
17425247.2013.739156.

Chow A, Stuckey DJ, Kidher E, Rocco M, Jabbour RJ, Mansfield CA, et al.
Human induced pluripotent stem cell-derived cardiomyocyte encapsulating
bioactive hydrogels improve rat heart function post myocardial infarction.
Stem Cell Reports. 2017,9:1415-22 Available from: https://doi.org/10.1016/j.
stemcr.2017.09.003.

Tang J, Cui X, Caranasos TG, Hensley MT, Vandergriff AC, Hartanto Y, et al.
Heart repair using Nanogel-encapsulated human cardiac stem cells in mice
and pigs with myocardial infarction. ACS Nano. 2017;11:9738-49.

Mathieu E, Lamirault G, Toquet C, Lhommet P, Rederstorff E, Sourice S, et al.
Intramyocardial delivery of mesenchymal stem cell-seeded hydrogel
preserves cardiac function and attenuates ventricular remodeling after
myocardial infarction. PLoS One. 2012;7(12):e51991.

Anker SD, Coats AJS, Cristian G, Dragomir D, Pusineri E, Piredda M, et al. A
prospective comparison of alginate-hydrogel with standard medical therapy to
determine impact on functional capacity and clinical outcomes in patients
with advanced heart failure (AUGMENT-HF trial). Eur Heart J. 2015;36:2297-309.
Lei Y, Zimmermann W, Garry D, Zhang J. Patching the heart: cardiac repair
from within and outside. Circ Res. 2013;113:922-32.

Montgomery M, Ahadian S, Davenport Huyer L, Lo Rito M, Civitarese RA,
Vanderlaan RD, et al. Flexible shape-memory scaffold for minimally invasive
delivery of functional tissues. Nat Mater. 2017;16:1038-46.

Wan L, Chen Y, Wang Z, Wang W, Schmull S, Dong J, et al. Human heart valve-
derived scaffold improves cardiac repair in a murine model of myocardial
infarction. Sci Rep. 2017;7:1-11. https//doi.org/10.1038/srep39988.

Taylor DA, Chandler AM, Gobin AS, Sampaio LC. Maximizing cardiac repair:
should we focus on the cells or on the matrix? Circ Res. 2017;120:30-2.
Menasché P, Vanneaux V, Hagége A, Bel A, Cholley B, Cacciapuoti |, et al.
Human embryonic stem cell-derived cardiac progenitors for severe heart
failure treatment: first clinical case report. Eur Heart J. 2015;36:2011-7.
Menasché P, Vanneaux V, Hagége A, Bel A, Cholley B, Parouchev A, et al.
Transplantation of human embryonic stem cell-derived cardiovascular
progenitors for severe ischemic left ventricular dysfunction. J Am Coll
Cardiol. 2018;71:429-38.

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349:97647.

de Vries RBM, Hooijmans CR, Langendam MW, van Luijk J, Leenaars M,
Ritskes-Hoitinga M, et al. A protocol format for the preparation, registration
and publication of systematic reviews of animal intervention studies. Evid
Based Preclin Med. 2015;2:¢00007 Available from: http://doi.wiley.com/10.
1002/ebm2.7.

Ponnusamy M, Li PF, Wang K. Understanding cardiomyocyte proliferation:
an insight into cell cycle activity. Cell. Mol. Life Sci. 2017;74:1019-34.

Henkel D, Redfield M, Weston S, Gerber Y, Roger V. Death in heart failure: a
community perspective. Circ Hear Fail. 2008;1:91-7.

Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-hoitinga M,
Langendam MW. SYRCLE " s risk of bias tool for animal studies. BMC Med
Res Methodol. 2014;14:1-9 Available from: https://www.researchgate.net/

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 7 of 7

profile/Marlies_Leenaars/publication/261101885_SYRCLE's_risk_of_bias_
tool_for_animal_studies/links/5419d4ab0cf203f155ae12f6.pdf%0A; http://
linkinghub.elsevier.com/retrieve/pii/0005276087901056%5CnBMC Medical
Research Methodology.

Dersimonian R, Laird N. Meta-analysis in clinical trials. Stat Med. 1986;188:
177-88.

Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst. 1959;22:719-48.

Higgins J, Green S. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 [updated March 2011] [Internet]. Cochrane
Collab. 2011. Available from: www.cochrane-handbook.or. Accessed 24 July
2018.

Stuck AE, Rubenstein LZ, Wieland D, Vandenbroucke JP, Irwig L, Macaskill P,
et al. Bias in meta-analysis detected by a simple, graphical. Bmj. 1998;316:
469 Available from: http://www.bmj.com/cgi/doi/10.1136/bmj.316.7129.469.
Zwetsloot PP, AMD V, Jansen of Lorkeers SJ, van Hout GPJ, Currie GL, Sena
ES, et al. Cardiac stem cell treatment in myocardial infarction: a systematic
review and meta-analysis of preclinical studies. Circ. Res. 2016;118:1223-32
Available from: http://circres.ahajournals.org/lookup/doi/10.1161/
CIRCRESAHA.115.307676.

Jeong H, Yim HW, Park H-J, Cho Y, Hong H, Kim NJ, et al. Mesenchymal
stem cell therapy for ischemic heart disease: systematic review and meta-
analysis. Int J Stem Cells. 2018;11:1-12 Available from: http://www.ijstemcell.
com/journal/view.html?doi=10.15283/ijsc17061%0Ahttp://www.ncbinlm.nih.
gov/pubmed/29482311.

Fisher SA, Doree C, Mathur A, Martin-Rendon E. Meta-analysis of cell therapy
trials for patients with heart failure. Circ Res. 2015;116:1361-77.

Bolli R. Repeated cell therapy: a paradigm shift whose time has come. Circ
Res. 2017;120:1072-4.

Guo Y, Wysoczynski M, Nong Y, Tomlin A, Zhu X, Gumpert AM, et al.
Repeated doses of cardiac mesenchymal cells are therapeutically superior to
a single dose in mice with old myocardial infarction. Basic Res Cardiol. 2017;
112(2):18. https://doi.org/10.1007/500395-017-0606-5.

Le T, Chong J. Cardiac progenitor cells for heart repair. Cell Death Discov.
2016;2:16052 Available from: http://www.nature.com/articles/
cddiscovery201652.

Leong YY, Ng WH, Ellison-Hughes GM, Tan JJ. Cardiac stem cells for myocardial
regeneration: they are not alone. Front Cardiovasc Med. 2017;4:1-13 Available
from: http//journal.frontiersin.org/article/10.3389/fcvm.2017.00047/full.

Masuda S, Monserrat N, Okamura D, Suzuki K, Belmonte JCI. Cardiosphere-
derived cells for heart regeneration. Lancet. 2012;379:2425-6. https://doi.
0rg/10.1016/50140-6736(12)61062-9.

Makkar RR, Smith RR, Cheng K, Malliaras K, Thomson LEJ, Berman D, et al.
Intracoronary cardiosphere-derived cells for heart regeneration after
myocardial infarction (CADUCEUS): a prospective, randomised phase 1 trial.
Lancet. 2015;379:895-904.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://doi.wiley.com/10.1002/sctm.17-0196
http://journal.frontiersin.org/article/10.3389/fcvm.2018.00035/full
http://journal.frontiersin.org/article/10.3389/fcvm.2018.00035/full
https://doi.org/10.1016/J.ENG.2016.01.028
https://doi.org/10.1016/J.ENG.2016.01.028
http://www.tandfonline.com/doi/full/10.1517/17425247.2013.739156
http://www.tandfonline.com/doi/full/10.1517/17425247.2013.739156
https://doi.org/10.1016/j.stemcr.2017.09.003
https://doi.org/10.1016/j.stemcr.2017.09.003
https://doi.org/10.1038/srep39988
http://doi.wiley.com/10.1002/ebm2.7
http://doi.wiley.com/10.1002/ebm2.7
https://www.researchgate.net/profile/Marlies_Leenaars/publication/261101885_SYRCLE's_risk_of_bias_tool_for_animal_studies/links/5419d4ab0cf203f155ae12f6.pdf%0A
https://www.researchgate.net/profile/Marlies_Leenaars/publication/261101885_SYRCLE's_risk_of_bias_tool_for_animal_studies/links/5419d4ab0cf203f155ae12f6.pdf%0A
https://www.researchgate.net/profile/Marlies_Leenaars/publication/261101885_SYRCLE's_risk_of_bias_tool_for_animal_studies/links/5419d4ab0cf203f155ae12f6.pdf%0A
http://linkinghub.elsevier.com/retrieve/pii/0005276087901056/nBMC%20Medical%20Research%20Methodology
http://linkinghub.elsevier.com/retrieve/pii/0005276087901056/nBMC%20Medical%20Research%20Methodology
http://linkinghub.elsevier.com/retrieve/pii/0005276087901056/nBMC%20Medical%20Research%20Methodology
http://www.cochrane-handbook.or
http://www.bmj.com/cgi/doi/10.1136/bmj.316.7129.469
http://circres.ahajournals.org/lookup/doi/10.1161/CIRCRESAHA.115.307676
http://circres.ahajournals.org/lookup/doi/10.1161/CIRCRESAHA.115.307676
http://www.ijstemcell.com/journal/view.html?doi=10.15283/ijsc17061%0Ahttp://www.ncbi.nlm.nih.gov/pubmed/29482311
http://www.ijstemcell.com/journal/view.html?doi=10.15283/ijsc17061%0Ahttp://www.ncbi.nlm.nih.gov/pubmed/29482311
http://www.ijstemcell.com/journal/view.html?doi=10.15283/ijsc17061%0Ahttp://www.ncbi.nlm.nih.gov/pubmed/29482311
https://doi.org/10.1007/s00395-017-0606-5
http://www.nature.com/articles/cddiscovery201652
http://www.nature.com/articles/cddiscovery201652
http://journal.frontiersin.org/article/10.3389/fcvm.2017.00047/full
https://doi.org/10.1016/S0140-6736(12)61062-9
https://doi.org/10.1016/S0140-6736(12)61062-9

	Abstract
	Background
	Methods/design
	Discussion

	Background
	Methods/design
	Protocol
	Specify the disease of interest
	Specify the population studies
	Specify the intervention
	Specify the control population
	Specify the outcome measures
	Research question
	Identify the literature databases and search terminology
	Other sources
	Study selection protocol
	Reporting of results
	Study selection criteria
	Type of study design
	Type of disease model
	Type of intervention
	Type of outcome measures

	Language restrictions
	Publication date restrictions
	Order for a priori title/abstract screening
	Order for a priori full-text screening
	Study characteristics to be extracted
	Outcomes and units of measurement
	Risk of bias assessment
	Methods of data extraction and retrieval
	Data synthesis/analysis
	Data combination
	Specify the criteria for combining data
	Specify the outcome measurements
	Specify possible sources of heterogeneity
	Specify the statistical model

	Possible foreseen limitations

	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

