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A t Endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic biliary drainage (PTBD) are currently first- and second-line therapeutic
mgctively, for the relief of biliary obstruction. In recent years, however, endoscopic ultrasound-guided biliary drainage (EUS-BD) has become an established
alternative therapy for biliary obstruction. There [...] Read more.

(Thi icle belongs to the Special Issue Endoscopic Ultrasound-Guided Diagnosis and Treatment of Gastrointestinal Di (/journal/jcm/special issue@\ =
[Ultrasound_Guided ))
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Abstract Stem cell treatment is emerging as an appealing alternative for stroke patients, but there still needs to be an agreement on the protocols in place, including the route
of administration. This systematic review aimed to assess the efficacy and safety of the administration [...] Read more.
(This article belongs to the Section Pharmacology_(/journal/jcm/sections/Pharmacology))

» Show Figures
(https://pub.mdpi-res.com/jcm/jcm-12-02735/article _deploy/html/images/jcm-12-02735-g001-550.jpg21680771760)_(https://pub.mdpi-res.com/jcm/jcm-12-02735

[article_deploy/html/images/jcm-12-02735-g002-550.jpg?1680771761)_(https://pub.mdpi-res.com/jcm/jcm-12-02735/article_deploy/html/images/jcm-12-02735-
9003-550.jpg21680771760)

Open Access Editorial ¥ (/2077-0383/12/7/2734/pdf?version=1680772085)

Artificial Intelligence in Cardiology: Why So Many _Great Promises and Expectations, but Still a Limited Clinical Impact? (/2077-0383/12/7/2734)
by ) Gian Luigi Nicolosi (https://sciprofiles.com/profile/1883843)

J. Clin. Med. 2023, 12(7), 2734; https://doi.org/10.3390/jcm12072734 (https://doi.org/10.3390/jcm12072734) - 06 Apr 2023

Viewed by 555

Abstract Looking at the extremely large amount of literature, as summarized in two recent reviews on applications of Artificial Intelligence in Cardiology, both in the adult and
pediatric age groups, published in the Journal of Clinical Medicine [...] Eull article (/2077-0383/12/7/2734)
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Abstract Patients often take opioids to relieve osteoarthritis (OA) pain despite limited benefits and potential harms. This study aimed to compare cross-sectional perspectives
of patients that were taking prescription opioid (N = 471) or nonopioid medications (N = 185) for OA in terms of [...] Read more.
(This article belongs to the Special Issue Pharmacological Management of Chronic Pain_(_/journal/jcm/special_issues/pharma_pain ))

» Show Figures
(https://pub.mdpi-res.com/jcm/jcm-12-02733/article _deploy/html/images/jcm-12-02733-g001-550.jpg21680769816)

Open Access Systematic Review ¥ (/2077-0383/12/7/2732/pdf?version=1680768276) &

Comparison of Outcomes of Active Surveillance in Intermediate-Risk Versus Low-Risk Localised Prostate Cancer Patients: A Systematic Review and Meta-
Analysis (/2077-0383/12/7/2732)
by ) Subhabrata Mukherjee (https://sciprofiles.com/profile/author/Rzg3WFIPelIRQUTUrLzVIVO9HOVQxZDV4Tnd2cUE1cFIlvSG5kcFROVHVKbz0=),
Dimitrios Papadopoulos (https://sciprofiles.com/profile/author/VERZSkk4bVROTWwrWUFMYIRDU1p0aG9lalR6REd2T2hBUOR4SNnZmMnVTbz0=),
Joseph M. Norris (https://sciprofiles.com/profile/author/Z3Uwc3JNRXMrL1QybDJPcWtjWVdWNFgzaDNIKOhwKOtJNTVJTWVZOTFobz0=),
Mudassir Wani (https://sciprofiles.com/profile/2659005) and =} Sanjeev Madaan (https://sciprofiles.com/profile/2252776)
J. Clin. Med. 2023, 12(7), 2732; https://doi.org/10.3390/jcm12072732 (https://doi.org/10.3390/jcm12072732) - 06 Apr 2023
Viewed by 753

Abstract Currently, there is no clear consensus regarding the role of active surveillance (AS) in the management of intermediate-risk prostate cancer (IRPC) patients. We aim
to analyse data from the available literature on the outcomes of AS in the management of IRPC patients and [...] Read more.
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manuel Andrés (https://sciprofiles.com/profile/13257)

e (https://www.chru-strasbourg.fr/praticien/andres-emmanuel/)

Editor-in-Chief

Department of Internal Medicine, University Hospital of Strasbourg, 67000 Strasbourg, France

Interests: drug-induced cytopenias; anemia; thrombocytopenia; neutropenia; cobalamin deficiency; vitamin B12 deficiency; telemedicine; chronic diseases; chronic heart
failure

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Michael G. Hennerici (https://sciprofiles.com/profile/1246866)
Website (https://www.researchgate.net/profile/Michael Hennerici)
Editor-in-Chief
Department of Neurology, Universitatsklinikum Mannheim, Ruprecht-Karls-Universitat Heidelberg, Mannheim, Germany
Interests: stroke; neuroprotection; neurodegeneration; brain diseases; neuroimaging; neurophysiology; movement disorders

. Maciej Banach (https://sciprofiles.com/profile/1040518) *

e (https://lesc365.escardio.org/Person/666-prof-banach-maciej)

Sectuion Editor-in-Chief

1. Department of Preventive Cardiology and Lipidology, Medical University of Lodz (MUL), Lodz, Poland

2. Department of Cardiology and Adult Congenital Heart Diseases, Polish Mother’s Memorial Hospital Research Institute (PMMHRI), Lodz, Poland
3. Cardiovascular Research Centre, University of Zielona Gora, Zielona Gora, Poland

Interests: risk stratification; lipid-lowering therapy; drug development; atherosclerosis; cardiovascular prevention; epidemiology; meta-analyses

* Cardiology

Special Issues, Collections and Topics in MDPI journals

Wim Bendjelid (https://sciprofiles.com/profile/1230158)

"",\ e (https://www.unige.ch/medecine/apsi/fr/groupes-de-recherche/913bendjelid/membres/bendjelid/)
Secuon Editor-in-Chief

CardioVascular Unit, Intensive Care Division, Geneva University Hospitals, Geneva, Switzerland

Interests: cardiology; anesthesiology; intensive care; hemodynamic; echocardiography; shocks; extracorporeal heart-lung assistances
Special Issues, Collections and Topics in MDPI journals

nos Bonovas (https://sciprofiles.com/profile/1156852)
e (https://www.hunimed.eu/professors-researchers-fellows/stefanos-bonovas/)
Section Editor-in-Chief
1. Department of Biomedical Sciences, Humanitas University, Via Rita Levi Montalcini 4, Pieve Emanuele, 20072 Milan, Italy
2. IRCCS Humanitas Research Hospital, Via Manzoni 56, Rozzano, 20089 Milan, Italy
Interests: medical statistics; epidemiology; evidence based medicine; evidence synthesis; systematic reviews; meta-analysis; research methodology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Peter Choong *
Website (https://www.findanexpert.unimelb.edu.au/display/person2266)
Section Editor-in-Chief
Hugh Devine Professor of Surgery, Department of Surgery, University of Melbourne, Melbourne, Australia
Interests: arthroplasty; outcomes; trials; health economics; infection; tissue engineering; oncology; tumors; hip; knee
* Orthopedics

F . Giovanni M. Colpi (https://sciprofiles.com/profile/1215505) *
;a e (http://www.istitutoises.it/Prof_GiovanniM_Colpi.asp)
Section Editor-in-Chief
1. Scientific Director and Head of Andrology Service, ProCrea Swiss Fertility Center, Lugano, Switzerland
2. Full Academician of the European Academy of Andrology (EAA)
Interests: urology; andrology; azoospermia; endocrinology
* Reproductive Medicine & Andrology
Special Issues, Collections and Topics in MDPI journals

. Naama W. Constantini (https://sciprofiles.com/profile/2173786)

e (https://www.researchgate.net/profile/Naama-Constantini)
Section Editor-in-Chief
Heidi Rothberg Sports Medicine Center, Jesselson Integrated Heart Center, Shaare Zedek Medical Center, Faculty of Medicine, Hebrew University, Jerusalem, Israel
Interests: relative energy deficiency in sport (REDs); nutrition; female athletes; sports cardiology; sports endocrinology

F g . Roberto Cuomo (https://sciprofiles.com/profile/1435925)
te (https://www.researchgate.net/profile/Roberto_ Cuomo)
Section Editor-in-Chief
UNISI, Department of Medicine, Surgery and Neuroscience, University of Siena, Siena, Italy
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Se Editor-in-Chief

Ro@@:@itute, Department of Ophthalmology, Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, NY 14215, USA

Interests: age-related macular degeneration; complex blinding diseases; epigenetics

* O almology Q
Special Issues, Collections and Topics in MDPI journals

F 0 v. Kenji Dohi (https://sciprofiles.com/profile/1815888)
‘\’d te (https://www.researchgate.net/profile/Kenji-Dohi-2)
Section Editor-in-Chief

Department of Emergency, Disaster and Critical Care Medicine, Showa University, Tokyo, Japan
Interests: neuroprotection; traumatic brain injury; stroke; free radicals in CNS; neuropeptides

Dr. Kent Doi (https://sciprofiles.com/profile/1110390)
Website (https://www.researchgate.net/profile/Kent_Doi)
Section Editor-in-Chief
Department of Acute Care Medicine, University of Tokyo, Tokyo, Japan
Interests: emergency medicine; critical care medicine; intensive care medicine; fluorescence microscopy; cell biology; molecular biology; neuroscience; acute kidney injury
and sepsis

Prof. Dr. Lindsay A. Farrer (https://sciprofiles.com/profile/93003) *

Website (http://www.bumc.bu.edu/genetics/genetics-people/faculty/farrer/)
Section Editor-in-Chief
Departments of Medicine (Biomedical Genetics), Neurology, Ophthalmology, Epidemiology, and Biostatistics, Boston University Schools of Medicine and Public Health,
Boston, MA, USA
Interests: clinical trials; epigenetics; genomics; angiogenesis; personalized and precision medicine; metabolomics; proteomics; gene expression; extracellular RNA; disease
mechanism; induced pluripotent stem cells; primary cell lines; organoids; imaging; phenotyping; in vivo and in vitro models of AMD; AMD and diseases with overlapping
pathophysiology; big data
* Clinical Neurology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Masutaka Furue (https://sciprofiles.com/profile/241174) *

Website (https://scholar.google.com/citations?user=ScjKUOYAAAAJ&hl=en)
Section Editor-in-Chief
Department of Dermatology, Graduate School of Medical Sciences, Kyushu University, Fukuoka 812-8582, Japan
Interests: atopic dermatitis; psoriasis; dioxin; aryl hydrocarbon receptor; skin neoplasms; melanoma; skin barrier; pruritus
* Dermatology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Nandu Goswami (https://sciprofiles.com/profile/495395)
Website (https://www.researchgate.net/profile/Nandu-Goswami)
Section Editor-in-Chief
Division of Physiology, Otto Loewi Research Center for Vascular Biology, Immunology and Inflammation, Medical University of Graz, Auenbruggerpl. 2, 8036 Graz, Austria
Interests: cardiovascular system; heart rate variability; gravitational adaptation
Special Issues, Collections and Topics in MDPI journals

>, Francisco Guillen-Grima (https://sciprofiles.com/profile/1480251) *

e (https://lwww.cun.es/nuestros-profesionales/profesionales/francisco-guillen-grima)

Section Editor-in-Chief

1. Department of Preventive Medicine, Clinica Universidad de Navarra, University of Navarra, 31008 Pamplona, Spain

2. Navarra Medical Research Institute (IdiSNA), 31008 Pamplona, Spain

3. Center for Biomedical Research Network Physiopathology of Obesity and Nutrition (CIBEROBN), 28029 Madrid, Spain
4. Department of Health Sciences, Public University of Navarra, 31008 Pamplona, Spain

Interests: epidemiology; preventive medicine; public health; methodology

* Epidemiology & Public Health

Prof. Dr. Philippe Guilpain (https://sciprofiles.com/profile/611717) *

Website (http://www.chu-montpellier.fr/fr/a-propos-du-chu/offre-de-soins/annuaire-medical/medecin/GUILPAIN-PHILIPPE/?no_cache=1&useCacheHash=1)
Section Editor-in-Chief
Department of Internal Medicine - Multi-Organic Diseases, Saint Eloi Hospital — Montpellier -1 University, 80 Avenue Augsutin Fliche, CEDEX 5, 34295 Montpellier, France
Interests: systemic sclerosis/scleroderma; lupus; Sjogren’s syndrome; inflammatory myopathies; vasculitides; anti-neutrophil cytoplasmic antibodies; giant cell arteritis; Still's
disease; Behcet'’s disease; immune deficiency; stem cell therapy; mesenchymal stem cells; immunotherapy of cancer
* Immunology
Special Issues, Collections and Topics in MDPI journals

Dr. Won Ho Kim (https://sciprofiles.com/profile/512211) *
Website (https://www.researchgate.net/profile/Won-Ho-Kim-5)
Section Editor-in-Chief
Department of Anesthesiology and Pain Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Daehak-ro 101, Jongno-gu, Seoul
110-744 (03080), Korea
Interests: acute kidney injury; liver transplantation; remote ischemic conditioning; cardiothoracic anesthesia; perioperative medicine; meta-analysis; network meta-analysis
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Prof. Dr. Sylvia Lee-Huang_(https://sciprofiles.com/profile/953794) *
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Section Editor-in-Chief
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De, ent of Biochemistry and Molecular Pharmacology, New York University School of Medicine, New York, NY 10016, USA

Int: EI (ll?ochondria; viral infection; biomarkers; anti-HIV; anti-cancer; anti-obesity agents; regulation of gene expression; small RNAs; human erythropoietin; interactions
of proteins and nucleic acids; molecular modeling; bioinformatics; live-cell real time imaging
*Cl | Laboratory Medicine Q =

a Kawarai Lefor (https://sciprofiles.com/profile/884782)

pte (https://www.jichi.ac.jp/msc/wordpressi/stafflist/alan-t-lefor/)

Section Editor-in-Chief

Department of Surgery, Jichi Medical University, Tochigi, Japan

Interests: surgical education; robotic surgery training and assessment; surgical oncology
Special Issues, Collections and Topics in MDPI journals

. Gregory Y. H. Lip (https://sciprofiles.com/profile/996885)
ps://recognition.webofscience.com/awards/highly-cited/2021/) Website (https://www.liverpool.ac.uk/health-and-life-sciences/staff/gregory-lip/)
Section Editor-in-Chief
1. Price-Evans Professor of Cardiovascular Medicine, University of Liverpool, Liverpool, UK
2. Distinguished Professor, Aalborg University, Aalborg, Denmark
Interests: atrial fibrillation; renal function; hypertension; MRI
Special Issues, Collections and Topics in MDPI journals

F -, Ferdinando Mannello (https://sciprofiles.com/profile/312207)

e (https://www.researchgate.net/profile/Ferdinando_Mannello)
Section Editor-in-Chief
Full Professor of Clinical Biochemistry and Clinical Molecular Biology, Department of Biomolecular Sciences, Section of Biochemistry and Biotechnology, Unit of Clinical
Biochemistry, University Carlo Bo of Urbino, 61029 Urbino, Italy
Interests: vascular medicine; vascular biology; inflammatory biomarkers; proteolytic biomarkers; endothelium; translational research; matrix metalloproteinases; chronic
venous disorders; athero-thrombotic diseases; vascular pharmacology; vascular funcxtion; metabolomics; clinical biochemistry; nutraceuticals; platelets; neutrophils;
macrophages; vascular aging; laboratory medicine; diagnostic and laboratory errors; biomarkers in cardiovascular diseases; laboratory testing for inflammatory chronic
diseases
Special Issues, Collections and Topics in MDPI journals

. lcro Maremmani (https://sciprofiles.com/profile/388339) *

N iﬁe(https:Ilwww.worlddualdisorders.orglteamlicro-maremmanil)

Section Editor-in-Chief

2nd Psychiatric Unit, Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy

Interests: clinical aspects and treatment of dual disorder patients; opioid use disorder; heroin use disorder; pain and addiction
* Psychology & Psychiatry

Special Issues, Collections and Topics in MDPI journals

. Didac Mauricio (https://sciprofiles.com/profile/146666)

e (https://academicmedicaleducation.com/didac-mauricio-md-phd)

Section Editor-in-Chief

1. Department of Endocrinology and Nutrition, Hospital de la Sant Creu i Sant Pau, Sant Quinti, 08041 Barcelona, Spain

2. Faculty of Medicine, University of Vic & Central University of Catalonia, Barcelona, Spain

3. Center for Biomedical Research on Diabetes and Associated Metabolic Diseases (CIBERDEM), Instituto de Salud Carlos Ill, 08041 Barcelona, Spain
Interests: diabetes; diabetes management; clinical interventions; metabolic liver diseases; cardiovascular diseases; metabolic diseases

Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Olivier Morel (https://sciprofiles.com/profile/668968) *
Website (https://scholar.google.com/citations?hl=fr&user=XM44q5YAAAAJ&view_op=list works&sortby=pubdate)
Section Editor-in-Chief
Interventional Cardiology Department, University of Strasbourg, 67081 Strasbourg, France
Interests: thrombosis; acute coronary syndrome; platelet; chronic kidney disease; senescence; bleedings; aortic stenosis; TAVR; microparticles; endothelium
* Vascular Medicine
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Hirofumi Noguchi (https://sciprofiles.com/profile/391532) *
Website (http://www.med.u-ryukyu.ac.jp/medicine-list/aibm-course/258.html)
Section Editor-in-Chief
Department of Regenerative Medicine, Graduate School of Medicine, University of the Ryukyus, Okinawa 903-0215, Japan
Interests: pancreatic islet transplantation; islet regeneration; stem cell biology
* General Surgery
Special Issues, Collections and Topics in MDPI journals

Ooi (https://sciprofiles.com/profile/231602) *

e (https://www.flinders.edu.au/people/eng.o0i)

Section Editor-in-Chief

1. Head of the Otolaryngology Head and Neck Surgery Unit at Flinders Medical Centre, Adelaide 5001, Australia

2. Associate Professor, College of Medicine and Public Health, Flinders University, Adelaide 5001, Australia

Interests: sinusitis; immunology; rhinitis; sleep apnoea; oncology and carcinogenesis; airway and voice disorders; surgical education and simulation
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Se Editor-in-Chief

1. %\F&Q{ggor of Clinical Biochemistry and Clinical Molecular Biology, Chief Department of Laboratory Medicine, University Hospital, Padova, Italy

2. Past - Dean of the Medical School, University of Padova, 35122 Padova, Italy

Int: s: quality management in laboratory medicine; diagnostic and laboratory errors; biomarkers in cancer and cardiovascular diseases; laboratory testing for COQD-EQ;
patient safety

. Michele Roccella (https://sciprofiles.com/profile/321089) *
~—yte (http://www.unipa.it/persone/docenti/r/michele.roccella)
Section Editor-in-Chief
Department of Psychology, Educational Science and Human Movement, University of Palermo, 90128 Palermo, Italy
Interests: neurodevelopmental disorders; encephalopathies; epilepsies; neuromuscular diseases; sleep disorders; rare genetic syndromes; neuropsychological disorders
* Clinical Psychology
Special Issues, Collections and Topics in MDPI journals

Prof. Dr. Sergio Rutella (https://sciprofiles.com/profile/260569) *

Website (https://www.ntu.ac.uk/staff-profiles/science-technology/sergio-rutella)
Section Editor-in-Chief
College of Science and Technology, Clifton Campus, Nottingham Trent University, Nottingham NG11 8NS, UK
Interests: acute myeloid leukemia; immunotherapy; cancer genomics; cancer immunology; hematological malignancies
* Hematology
Special Issues, Collections and Topics in MDPI journals

F . Marco Sebastiani (https://sciprofiles.com/profile/890132)
te (http://personale.unimore.it/rubrica/dettaglio/masebast)
Section Editor-in-Chief
Rheumatology Unit, University of Modena and Reggio Emilia, 41121 Modena, Italy
Interests: interstitial lung disease; rheumatoid arthritis; nailfold capillaroscopy; systemic vasculitis; connctive tissue diseases
Special Issues, Collections and Topics in MDPI journals

F ¥, -_Eyal Sheiner (https://sciprofiles.com/profile/661652)

\ te (http://fohs.bgu.ac.il/research/PersonalWebSite1main.aspx?id=ddssdduu)
S8%¥n Editor-in-Chief
Department of Obstetrics and Gynecology, Soroka University Medical Center, Beersheba, Israel
Interests: obstetrics; high risk pregnancy; clinical studies; placental abruption; placenta previa; pregnancy as a window of opportunity to detect long-term diseases; obesity in
pregnancy; maternal-fetal medicine; perinatal outcome
Special Issues, Collections and Topics in MDPI journals

v. Alberto Signore (https://sciprofiles.com/profile/616732)

te (https://phd.uniroma1.it/web/ALBERTO-SIGNORE_nC642_IT.aspx)

Seclion Editor-in-Chief

Department of Surgical-Medical Sciences and Translational Medicine, University of Rome “Sapienza”, Rome, Italy

Interests: nuclear medicine; infection imaging; inflammation imaging; thyroid cancer imaging; pre-clinical imaging; imaging immuno-therapy; imaging autoimmune diseases
Special Issues, Collections and Topics in MDPI journals

2 shwinder Singh Sohal (https://sciprofiles.com/profile/942709)

e_(http://www.utas.edu.au/profiles/staff/health/sukhwinder-sohal)

Section Editor-in-Chief

Respiratory Translational Research Group, Department of Laboratory Medicine, College of Health and Medicine, University of Tasmania, Launceston, TAS 7248, Australia
Interests: COPD; COVID-19, asthma; idiopathic pulmonary fibrosis (IPF); lung cancer; airway remodelling; effects and mechanisms of inhaled corticosteroids (ICS); effects of
electronic nicotine delivery systems; mechanisms of respiratory infections and inflammation; smoking cessation and air pollution

Special Issues, Collections and Topics in MDPI journals

F *. Gianrico Spagnuolo (https://sciprofiles.com/profile/477376)
te (https://www.docenti.unina.it/#!/professor/4749414e5249434f535041474e554f4c4f53504747524337324530374638333956/riferimenti)
Section Editor-in-Chief
Department of Neurosciences, Reproductive and Odontostomatological Sciences, University of Naples “Federico II”, 80131 Naples, Italy
Interests: oral medicine; dental materials; operative dentistry; oral health
Special Issues, Collections and Topics in MDPI journals

F &% - Hidekazu Suzuki (https://sciprofiles.com/profile/900609)

te (https://www.naika.med.u-tokai.ac.jp/digestive)
SEC?IOI’I Editor-in-Chief
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Abstract: Stem cell treatment is emerging as an appealing alternative for stroke patients, but there still
needs to be an agreement on the protocols in place, including the route of administration. This system-
atic review aimed to assess the efficacy and safety of the administration routes of stem cell treatment
for ischemic stroke. A systematic review was performed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. A comprehensive literature search
was undertaken using the PubMed, Scopus, and Cochrane databases. A total of 21 publications on
stem cell therapy for ischemic stroke were included. Efficacy outcomes were measured using the
National Institutes of Health Stroke Scale (NIHSS), the modified Rankin Scale (mRS), and the Barthel
index (BI). Intracerebral administration showed a better outcome than other routes, but a greater
number of adverse events followed due to its invasiveness. Adverse events were shown to be related
to the natural history of stroke not to the treatment. However, further investigation is required, since
studies have yet to compare the different administration methods directly.

Keywords: stem cell therapy; ischemic stroke; administration route; outcome; adverse events

1. Introduction

Stroke, one of the top causes of death worldwide, continues to be a significant costly
drain on global health resources [1]. Stroke is estimated to be responsible for around
140,000 fatalities yearly in the United States [2]. Most strokes are ischemic in nature,
representing about 87% of all instances in the US, making it the main focus of stroke
research [2]. Even though 80% of stroke patients survive for one year after an incident,
more than 10% of patients have long-term disabilities [3].

The increase in survival and reduction in sequelae following ischemic stroke may be
partially explained by the acute-phase delivery of thrombolytic therapies [4]. The only
approved therapy for acute stroke is intravenous recombinant tissue Plasminogen Activator
(tPA), which has a limited time window of only 4.5 h. Additionally, there is a strict patient
criteria for receiving urgent endovascular therapy and the benefits are uncertain [5]. Due
to this failure to achieve the anticipated outcomes, it is only natural that new therapeutic
tactics with a longer time frame and less invasive approaches are urgently needed.

Numerous studies have demonstrated the efficacy of stem cell treatment in restoring
functional ability in stroke patients [6]. Aside from its potential to stimulate endogenous
reparative mechanisms without replacing the injured cerebral tissue [7], it has also been
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shown to promote immunomodulation and neuronal, vascular, and glial remodeling.
Intravenous injection is one option for the administration of neurotrophic substances,
including vascular endothelial growth factor (VEGF), insulin-like growth factor (IGF), and
brain-derived neurotrophic factor [8]. The type and source of stem cell to be administered
(e.g., mesenchymal stem cell, bone marrow mononuclear cell, or neural stem cell), the route
of administration (e.g., intravenous, intra-arterial, or intracerebral), and the time interval
between stroke onset and administration (days to months), are all said to explain the
varying results [9]. Clinical trials of stem cell therapy in stroke patients have demonstrated
that the therapy is feasible, safe, and promotes recovery in ischemic strokes [10]. Since only
a few studies have examined this treatment’s clinical outcome, effectiveness, and safety, as
related to its route of administration, this review is mainly to determine the treatment’s
clinical benefits and adverse events according to the treatment’s safety [11-14].

2. Materials and Methods
2.1. Eligibility Criteria

This review includes full-text cohort studies and clinical trials on adult ischemic stroke
patients (acute, subacute, or chronic) who received stem cell therapy via intracerebral,
intraventricular, subarachnoid, intra-arterial, intravenous, intraperitoneal, or intranasal
administration. Reviews, unpublished articles, letters to the editor, abstracts, and studies
not written in English were excluded.

2.2. Type of Outcome Measurements

Clinical outcomes were measured using the modified Rankin scale (mRS), the National
Institute of Health Stroke Scale (NTHSS), and the Barthel index (BI). The adverse events
(AE) and severe adverse events (SAE) of stem cell administration routes were analyzed to
identify the safety of each treatment.

2.3. Search Methods and Identification of Studies
2.3.1. Information Sources

This systematic review was conducted based on Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines [15]. The articles, which were pub-
lished between 2010 and 2022, were acquired by searching the PubMed, Scopus, Cochrane,
and other electronic database sources (Google Scholar) on 31 March 2022. We applied
language restrictions to our search so that only articles written in English were selected
(Figure 1).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines

flowchart.

2.3.2. Search Protocol

The study questions were formed using the patient/population, intervention, compar-
ison, outcomes, and study design (PICOS) model (Table 1). The following search string was
used to search all trial registers and databases: stem cell therapy AND (ischemic stroke OR
ischemic brain) AND (intracerebral OR intraventricular OR subarachnoid OR intra-arterial
OR intravenous OR intraperitoneal OR intranasal) AND (functional outcome OR mRS OR

NIHSS OR BI).
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Table 1. PICOS (Population, Intervention, Comparison, Outcome Measures, and Study Design) model.

PICOS Item Inclusion Criteria Exclusion Criteria
Adult ischemic stroke patients receiving stem cell therapy e  Child ischemic stroke patients
Population Stem cell th.era.py via intr.ace?ebral, intravlentricula.r, e Traumatic brain injury
subarachnoid, intra-arterial, intravenous, intraperitoneal, or Hemorrhagic stroke
intranasal administration
Intervention Stem cell therapy via intracerebral administration
Stem cell therapy via intraarterial administration
Comparison Stem cell therapy via intravenous administration
Control or sham group
e  Clinical outcomes were measured using the modified
Outcome Rankin s.cale (mRS)
measures e  The National Institute of Health Stroke Scale (NIHSS)
° The Barthel index (BI). The adverse events (AE)
e  Severe adverse events (SAE)
e  Randomized clinical trials Reviews
Study design e  Non-randomized clinical trial Letters to the editor
e  Pilot randomized trials Abstracts
e  Retrospective analyses
Publication e  Published in English Unpublished studies
e Access to full text Study protocols

2.4. Data Collection and Analysis

The included studies were screened based on their titles and abstracts. Full-text articles,
including RCTs and cohort studies, fulfilling the eligibility criteria were then assessed by
each author. The details regarding the causes of exclusion were noted and reported. The
included studies are summarized in Table 2.

2.5. Data Extraction and Management

Four authors independently extracted data, including each article’s patient character-
istics, treatments, research quality, and therapeutic results. Details regarding the author,
year of publication, study design, treatment details, and functional outcome based on the
predetermined parameters were summarized for the qualitative analysis. We extracted
the mean difference of outcome in each arm for continuous outcomes (mean difference of
NIHSS, mRS, and BI after 6, 12, and 24 months). The four review authors entered all data
into Review Manager (RevMan) software, version 5.4 [15]. Unfortunately, the literature
search was carried out before we were registered to any of the systematic review registries.

2.6. Risk of Bias Analysis

Each author independently assessed the risk of bias in each study using Risk of Bias
in Nonrandomized Intervention Studies (ROBINS-I) for nonrandomized studies and Risk
of Bias 2 (RoB 2) for randomized studies [16]. The results of each interpreter’s assessment
were then discussed by all of the authors. A risk-of-bias table and a summary of the bias
were used. These showed normal distribution results with some acceptable deviations, and
thus the eligibility of the literature was high [17,18].
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Table 2. Summary of the Studies Included in the Systematic Review.

Functional Outcome

Study N Stroke Sample §i Tyoe of Graf Numberof =~ Route of
Author(s) Design ge (years) Territory ampie Size ype of Graft T'“"El’lli““'“d At‘:"t‘.‘“‘s' Baseline 6 Months 12 Months 24 Months Notes
ells ation NIHSS ‘mRS BI NIHSS mRS BI NIHSS mRS BI NIHSS mRS BI
Lee etal. ~ o 36 control Autologous bone marrow y . 10.63 £ 3.00 4.80 £ 0.50 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Improvement in the early post-treatment
(2010) [19] RCT 646 £136 zzlz‘é: 16 treatment B NSC 50 x 10° Intravenous 1077 3 360 440 = 0.90 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a phase, no improvement later on
Honmou etal. Non T 60.5 (41-73) 6ICA 12 treatment Autologous bone 120 (60-160) Intravenous 825 +555 n/a n/a n/a n/a n/a 158 & n/a n/a n/a n/a n/a Significant improvement
gn p
(2011) [20] 2 Lacumar marrow-derived MSC x 1 202
Bhasin et al. Non-RCT 46,58 1099 24MCA 12 control Autologous bone 55 (50-58) x Intravenous n/a n/a 49.92 1003 n/a n/a e n/a n/a n/a n/a n/a n/a Significant improvement on modified
(012) [21] - ' o ; Bl onl
47.08 990 12 treatment marrow-derived MSC 10 n/a n/a 4875 £ 1057 n/a K n/a n/a n/a n/a n/a n/a . °“‘y . .
Prasad et al. - . Autologous bone . - 480+ 79.09 + Significant neurological outcome in the
(2012) [221 NunrRC‘f 54 (38-70) 11 MCA 11 treatment marrow-derived MSC 40 x 10f Intravenous 1227 +£5.16 345+ 1.04 34.09 +22.23 547 2023 n/a n/a n/a n/a n/a n/a subacute stroke
(];“0‘;%)*[';1]‘ P'cflfjf(“ve 485 (40-59) 4MCA 4 treatment Unmbilical cord-derived MSC 20 % 106 Jntra n/a 400 £ 0816 n/a n/a n/a n/a n/a n/a n/a n/a n/a f:;izg;:‘ﬂ:ﬂmlﬂ“r significant
Zz‘ﬁ‘ﬁ; f]' al. Non-RCT 57 (45-75) R 5 treatment CD34 = stem cell 242 S fo’f”) Intra 1040+ 513 3804084 n/a 220 n/a n/a n/a n/a n/a n/a n/a Significant improvement
9.40 + 870 + 270+
Cheneta RCT 52890 30MCA 15 control PBSC (3-8) x 10° Intracercbral 00 =130 280+040 n/a 120 n/a 0 0 n/a n/a n/a n/a Significant clinical outcome improvement
) 501477 ‘ 15 treatment 9.30 4050 290 +030 n/a o7 n/a B 2% n/a n/a n/a n/a
Prasadetal ReT 1875 EMCA 60 control Autologous bone marrow 28075 x 106 Intravenous 1100+ 444 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Insigaificant results
014) [26] - ”
5ACA 60 treatment mononuclear stem cell 13.00 & 4.44 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
7MCA+ACA
(z?f]‘j‘;'i#] P’[‘:}‘\’;ft“"c 615 (45-85) SNeR 6 treatment Umbilical ft"e'i ‘::f“"“hy"‘“l 10 /51<ng Intravenous 817 4584 400 +1.10 40.83 + 3338 n/a n/a n/a n/a n/a n/a n/a n/a Improved neurological function
78 (68-52) 9MCA 3@m)* 2% 100 7.67 4153 400+ 0.00 11.00 + 1.00 5%; n/a n/a n/a 12161751 5-15% n/a 121'0%1 . el
Kalladka et al. MCA Human neural stem cell i} ; 3 Improved neurological function;
(2016) [25] Non-RCT 69 (61-75) TMCALACA 3(5m)* (CTXO0E03) 5% 106 Intracerebral g 09 4 9,00 367058 1167 £2.52 o3~ n/a n/a n/a e S n/a B o controls
64 (60-68) 3(10m)* 10 x 100 7.33 4 0.58 2674058 1433 + 1.53 433 & n/a n/a n/a e 400 n/a BB
66 (61-71) 220m)* 20 x 106 650 4+ 0.71 3.00 + 0.00 13.50 + 2.12 30k n/a n/a n/a 164 2.83 005" n/a 172
Hess et al, 63 control Multipotent adult progenitor (400-1200) x ! 1340 +£3.70 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a _—
(2017) [29] RCT 18-33 n/a 71 treatment cell 106 Intravenous 13303 350 n/a n/a n/a n/a n/a n n/a n/a n n Insignificant results
Jinetal 53.10 £ 13.07 13 anterior 10 control Autologous bone . 1070 +3.71 410£0.99 15.00 = 850 820% 390 2900 & 3404 415 & 570 % 3.10& 47.00 & Lumbar subarachnoid injection;
2017) [30] RCT Crenlation 10 x 10 Intracerebral 349 110 12.87 097 17.65 312 110 24.06 Lumbar
(2017) [3 marrow-derived MSC 940 & 400+ 26,00 + 360+ 375 860+ 300+ 5150 significant neurological improvement
50.80 +17.43 7 posterior 10 treatment 12.30 +3.95 4.60 £ 0.70 14.50 £ 13.01 381 0.82 16.80 0.70 15.86 3.69 1333 26.15
Laskowitz circulation 1680
etal. (2018 Non-RCT 65.5 (4579 10MCA 10 treatment Umbilical cord blood stem cell (840-2920) x Intravenous 1120 + 162 4404052 1880 + 1226 n/a n/a n/a n/a n/a n/a n/a n/a n/a Significant improvement
[31] 10° i
Jailllard et al. ReT 5 , 15 control Autologous bone (100-300) x . 1275+ 150 4004 0.00 4250+ 1451 905 300 s n/a n/a n/a Bk 3T 8505 Insignificant clinical outcome, except for
2019) [12] e /~derived MSC 5 ntravenous ; q ; y he motoric score
( marrow-derived MS 10 894+ 300 + 8063 + 773 % 2754+ 8200 + the motoric score
16 treatment 135+ 246 3.875 £ 0.16 45.00 + 18.82 520 0.63 30.87 n/a n/a n/a 578 0.93 27.83
Savitz et al. " 19 control Autologous bone . Intra- No significant improvement of the
BRI ke eswe e Gl MRS sew Mmoo ae o am e wa e wewwa e oEGRIOL
teinberg m)* o x 3 3224043 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Shenif . £ NIFISS scors
. Modified bone marrow MSC ignificant improvement of score;
ﬁ]alv (2019) Non-RCT 64 (33-75) n/a :((ﬁym);’ 3 1SOX 13; Intracerebral insignificant result of mRS
: m x
Vahidy et al. 637+ 125 185 control Autologous bone 10 x n/a 040 + 085 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a .
019 113] Non-RCT 607+ 133 n/a 25 treatment marrow—derived MSC 10°/kgbw Intravenous n/a 0.08 + 040 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Favorable safety
42/(30-49) 3(12m)* 12 x 100 533 +351 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a - L
Zhang et al. B ficant ement; imag
(m?';f[e‘ |]a I"_‘;Slfgfe""c 43 (41-45) n/a 3(24m)* Neural stem cell (NSI-566) 24 % 106 Intracerebral 7.67 +2.08 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a f;%:;l‘cc;:::; l:\:;‘;:m:;l|;n;<:§;|na%ion
< 48 (37-54) 3(72m)* 72 x 10° 6.00 % 1.00 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a =
Insignificant overall results;
Chung etal. . 6427 +13.25 15 control Autologous bone 1x ’ 1447 +5.32 4474083 1980 £ 255 n/a n/a n/a n/a n/a n/a n/a n/a n/a significant improvement in lower
(2021)[32) Rer n/a marrow—derived MSC 10°/kgbw Intravenous extremity motor function
63.03 + 1436 39 treatment 1136 4 5.20 4264075 28.28 + 2663 n/a n/a n/a n/a n/a n/a n/a n/a n/a
Kang Law . 640 139 . 9 control Autologous bone 2x T n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Significant Bl improvement compared
etal. (2021) RCT 54.60 + 132 17MCA 8 treatment ‘marrow—derived MSC 10°/kgbw Intravenous n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a with the control group
Red; et al, RCT 76 (69-80) 19MCA o Adipose-derived MSC (1% Intravenous n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a No significant neurological improvement
(2022) [34] 78 (70-82) 9 treatment 10°/kgbw n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a between the treatment groups

RCT, randomized controlled trial; MSC, mesenchymal stem cell; PBSC, peripheral blood stem cell; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale; BI,
Barthel index; * in a million cells.
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3. Results

A total of 175 studies were identified and screened. Of these, thirty-three were assessed
for eligibility and twenty-one (eleven PubMed studies, seven Scopus studies, and three
Google Scholar studies) were included in the meta-analysis (Table 2).

3.1. Demographics, Timing of Intervention, Territory of Stroke, and Type of Stem Cell

The included studies were conducted in Asia, the United States, and Europe. Most of
the studies were from Asia (12 out of 21; 57.1%), mainly from China (5 out of 21; 23.8%).
Five (23.8%) studies were conducted in the United States, while the studies in Europe (5 out
of 21; 23.8%) were undertaken primarily in the United Kingdom (3 out of 21; 14.2%).

Across the 21 studies, 836 patients were included, with a median age of 60.6 years
(range 30-85 years). The stem cell therapy group consisted of 406 patients; 247 (60.83%)
participants were male and 159 (39.16%) were female. Two of twenty-one studies defined
intravascular tPA and endovascular thrombectomy as the intervention for the partici-
pants [14,29]. In contrast, other studies described a general supportive therapy for stroke
(e.g., antiplatelet, antihypertensive, and rehabilitation) [12,25,30]. One study described the
premedications given before stem cell administration (diphenhydramine, hydrocortisone,
acetaminophen) but not specifically for the stroke [31].

A total of 390 comorbidities were reported. Hypertension was the most common, in
118 (29.06%) out of the 390 participants; 80 (19.7%) participants were smokers; and diabetes
was reported in 68 (16.74%) participants, dyslipidemia in 70 (17.24%), and cardiac problems
in 54 (13.3%).

The duration from the onset of stroke and stem cell administration was reported in
333 (82.02%) out of the 406 participants. Most participants (35.22%) had stem cell therapy
in the subacute phase, followed by chronic stroke, with 108 (26.6%) participants, while the
remaining had acute stroke (20.2%).

The area of vascularization of strokes was reported for 339 (83.49%) out of 406 partici-
pants. Most strokes had middle cerebral artery (MCA) involvement (87.6%), followed by
anterior cerebral artery (ACA) and MCA involvement (2.4%), while posterior circulation
and ACA strokes each occurred in 2.09% and 1.8%, respectively.

Six different stem cell types and sources were administered, namely bone marrow,
peripheral blood, umbilical blood, adult progenitor cells, and human neural stem cells.
Most of the participants had bone marrow-derived stem cell therapy (265 participants,
65.27%), followed by multipotent stem cells (71, 17.49%), and neural-derived peripheral
and umbilical blood-derived stem cells were each administered to 20 (4.92%) participants.
In the most recent study, adipose-derived stem cells were used in nine (2.21%) participants
(Table 3).

Table 3. Demographic Characteristics of the Studies.

Description Number, n (%)
Total patients n 817 participants
Median age Median (min-max) 60.6 years (30-85)
Gender
Male n 247 participants (60.83%)
Female n 159 participants (39.16%)
Comorbidities
Hypertension n 118 participants (29.06%)
Diabetes mellitus n 68 participants (16.74%)

Dyslipidemia n 70 participants (17.24%)
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Table 3. Cont.

Description Number, n (%)
Cardiac problems n 54 participants (13.3%)
Smoking n 80 participants (19.7%)
Standard treatment modalities
Tissue Plasminogen Activator (TPA) n 2 studies
Mechanical revascularization n 2 studies
Patients with stem cell therapy n 406 participants (49.7%)
Based on the route of administration
Intracerebral group (5 studies) n 64 participants (15.76%)
Intra-arterial group (3 studies) n 38 participants (9.35%)
Intravenous group (13 studies) n 304 participants (74.87%)
Based on stroke onset
Acute (1-7 days) n 82 participants (20.2%)
Subacute (1-3 weeks) n 143 participants (35.22%)
Chronic (>3 weeks) n 108 participants (26.6%)
Based on stem cell source
Bone marrow n 265 participants (65.27%)
Peripheral blood n 20 participants (4.92%)
Umbilical blood n 20 participants (4.92%)
Multipotent stem cell n 71 participants (17.49%)
Neural stem cell n 20 participants (4.92%)
Adipose n 9 participants (2.21%)
Based on stroke territory
Anterior Cerebral Artery (ACA) and .. o
Middle Cerebral Arteyry (MCA) n 8 participants (2.4%)
ACA n 6 participants (1.8%)
MCA n 297 participants (87.6%)
Anterior circulation n 13 participants (3.8%)
Posterior circulation n 7 participants (2.09%)

3.2. Route of Administration: Clinical Outcomes and Adverse Events

The intravenous group were treated with the most used route of administration and
consisted of 304 (78.87%) participants. The intracerebral group consisted of 64 (15.76%)
participants, while the intra-arterial group consisted of 38 (9.35%) participants.

3.2.1. Clinical Outcome

The clinical outcome data that we extracted were 6 months (6 of 21 studies), 12 months
(4 of 21 studies), and 24 months NTHSS (3 of 21 studies); 6 months, 12 months, and 24 months
mRS (2 of 21 studies each); 6 months, 12 months, and 24 months BI (4 of 21, 2 of 21, and
3 of 21 studies, respectively). The mean baseline NIHSS score showed wide variation,
namely 9.03 & 1.76 in the intracerebral group, 10.4 £ 5.13 in the intra-arterial group, and
12.20 £ 4.10 in the intravenous group. We failed to extract some of the data due to the
reported measures in some articles only being reported as median values. Baseline mRS
scores were not used as a variable, with 3.36 &+ 0.38 in the intracerebral group, 3.89 £ 0.83
in the intra-arterial group, and 3.30 % 0.65 in the intravenous group. The baseline BI score
was 13.48 + 7.12 in the intracerebral group, with no available data for processing in the
intra-arterial group, and 34.21 & 21.64 in the intravenous group.

The NIHSS clinical outcomes after 6 months showed a decrease of 6.96 £ 2.36 in the
intracerebral group, 2.2 £ 1.92 in the intra-arterial group, and 7.25 £ 5.31 in the intravenous
group. The mRS score after 6 months also decreased by 3.34 & 0.63 in the intracerebral
group, 2.33 &+ 0.86 in the intra-arterial group, and 2.63 & 0.90 in the intravenous group. The
improvement in Bl score was marked by an increase after 6 months, with 26 £ 16.80 in
the intracerebral group and 76.85 &+ 21.41 in the intravenous group, while there were no
available data in the intra-arterial group.
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There was a tendency of decreasing NIHSS and mRS scores and increasing BI scores,
indicating better clinical outcomes, after 12 and 24 months in the stem cell therapy group
(Table 4).

Table 4. Clinical Outcomes.

Description Number n (%)

Clinical outcome baseline

NIHSS

Intracerebral group Mean + SD 9.03 +1.76
Intra-arterial group Mean £ SD 104 £5.13
Intravenous group Mean £ SD 12.20 £ 4.10
mRS
Intracerebral group Mean £+ SD 3.36 + 0.38
Intra-arterial group Mean + SD 3.89 £ 0.83
Intravenous group Mean + SD 3.30 & 0.65
BI
Intracerebral group Mean + SD 13.48 +7.12
Intra-arterial group Mean + SD n/a
Intravenous group Mean £+ SD 34.21 & 21.64
Clinical outcome after 6 months
NIHSS
Intracerebral group Mean £+ SD 6.96 + 2.36
Intra-arterial group Mean + SD 224192
Intravenous group Mean + SD 7.25 £5.31
mRS
Intracerebral group Mean + SD 3.34 £ 0.63
Intra-arterial group Mean + SD 2.33 = 0.86
Intravenous group Mean £+ SD 2.63 £ 0.90
BI
Intracerebral group Mean + SD 26 £ 16.80
Intra-arterial group Mean + SD n/a
Intravenous group Mean £ SD 76.85 4= 21.41
Clinical outcome after 12 months
NIHSS
Intracerebral group Mean + SD 6.21 £2.49
Intra-arterial group Mean + SD n/a
Intravenous group Mean £ SD 1.58 + 2.02
mRS
Intracerebral group Mean + SD 271046
Intra-arterial group Mean + SD n/a
Intravenous group Mean £ SD n/a
BI
Intracerebral group Mean £ SD 25.38 + 8.74
Intra-arterial group Mean + SD n/a
Intravenous group Mean + SD n/a
Clinical outcome after 24 months
NIHSS
Intracerebral group Mean + SD 6.67 = 4.03
Intra-arterial group Mean + SD n/a
Intravenous group Mean £ SD 7.73 £5.78
mRS
Intracerebral group Mean £ SD 3+£133
Intra-arterial group Mean + SD n/a
Intravenous group Mean + SD 2.754+0.93
BI
Intracerebral group Mean + SD 31.86 £ 13.76
Intra-arterial group Mean + SD n/a
Intravenous group Mean + SD 82 £27.83
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3.2.2. Adverse Events (Based on Route of Administration)

AEs and SAEs were defined by the terms of the Common Terminology Criteria for
Adverse Events (CTCAE) version 5.0. The grading of AEs and SAEs also followed CTCAE
version 5.0. An SAE was defined as CTCAE grade 3 or more [35]. AEs were reported to
have occurred 431 times in 21 studies, while SAEs were reported 101 (26.09%) times. The
numbers varied across the different routes of administration.

AEs in the intravenous group occurred in 282 (65.42%) patients, with 68 (24.11%) classified
as severe, comprising 23.05% of the reported patients with AEs in the intravenous group.

AEs in the intracerebral group occurred in 123 (28.53%) patients, with 28 (22.76%)
considered severe, comprising 44.44% of the reported patients with AEs in the intracerebral
group.

In the intra-arterial group, AEs occurred in 26 (6.03%) patients, with 5 (19.23%) classi-
fied as severe, accounting for 17.24% of the reported patients with AEs in the intra-arterial
group. Tables 5 and 6 provide a complete list of adverse occurrences and a summary of
them categorized by route of administration.

Table 5. Detailed Adverse Events for Each Included Study.

. . Route of SAE (CTCAE 3 .
Author(s) Patients Sample Size Administration AE or More) SAE Details
. 1 death, 1 recurrent stroke, 2 humeral fracture, 5 epileptic,
Jailllard [e]tze]al. (2019) 31 15 control Intravenous 2 14 3 pneumonia, 1 gastrostomy, 1 atrial flutter
2 depression, 1 humeral fracture, 6 epileptic, 1 DVT,
16 treatment 18 12 2 pneumonia
1 new onset stroke, 2 angina, 9 pneumonia, 1 acute kidney
Lee et al. (2010) [19] 52 36 control Intravenous » 20 injury, 1 systemic cancer, 1 benign mass, 5 seizure
2 new onset strokes, 1 angina, 1 PAOD, 3 pneumonia,
16 treatment 18 1 1 benign mass, 3 seizure
H?Z%Tl(;li;(:]al. 12 12 treatment Intravenous 6 0 None
Bhasin et al. (2012) 12 control 2 0
[21] 24 12 treatment Intravenous 0 0 None
Prasad g;]l' (2012) 11 11 treatment Intravenous 0 0 None
Jiang et al., 2013 [23] 4 4 treatment Intra-arterial n/a 0 None
Baner]ee[;a]a 1. (2014) 5 5 treatment Intra-arterial 1 1 1 pneumonia
Chen et al. (2014) 15 control n/a 0
[25] 30 15 treatment Intracerebral n/a 0 o ) None f 1 -
ypotension, 1 pneumonia, 1 fracture in lower limb,
Prasad E Z]l. (2014) 120 60 control Intravenous 60 15 5 death, 7 CNS AE
60 treatment 61 18 1 pneumonia, 1 PAOD, 2 fractures in the lower limb,
8 death, 6 CNS AE
Qiao eE2a7]j (2014) 6 6 treatment Intravenous 5 0 4 fever, 1 dizziness
1 subdural hematoma, 1 epidural hematoma, 1 stroke,
2 1 cystoscopy, 2 bleed on burrhole site, 1 malignant
3(2m)
Kalladka et al. 11 Intracerebral n/a 16 melanoma, 5 gastrointestinal AE, 1 seizure, 1 alcohol
(2016) [28] 3(5m) withdrawal syndrome, 1 collapse, 1 community-acquired
3 (10 m) pneumonia
Hess et al. (2017) 134 2 (20 m) In 64 21 6 severe, 6 LT, 9 deaths
[29] 71 treatment travenous 59 19 11 severe, 3 LT, 5 deaths
. 1 1 12 1 1 h 1 infarcti
N TN N e R deih o o g frsin
La(sé((;)lvg)ltéizic al 10 10 treatment Intravenous 113 8 112 AEs were unrelated to the treatment group
Savitz et al. (2019) 48 19 control I ial 14 2 1 new onset stroke, 1 astrocytoma,
[15] 20 treatment ntra-arteria 25 4 1 muscular pain, 1 UTI, 1 embolism, 1 brain edema
Steinb tal 6 (2.5m) 20 9 1 seizure, 1 stenting of the carotid artery, 1 asymptomatic
e(lzrt)le;)g[:] ak 18 6 (5m) Intracerebral 31 subdural hygroma, 1 TIA, 1 hypesthesia, 1 dysphagia,
. 6 (10 m) 25 1 UTI, 1 sepsis, 1 pneumonia
3(12m) 18 2 2 cholecystitis
Zhang ?; f]l' (2019) 9 3 (24 m) Intracerebral 2 0 None
3(72m) 15 0 None
Vahidy [elt:%l' (2019) 210 215825;):;1‘eﬂt Intravenous 227 24 No study-related SAE in the therapy group
Chung et al. (2021) 54 15 control Int 1 0 None
[32] 39 treatment niravenous 2 0 None
Kang Law et al. 9 control 2 2 N dv-related SAE in the th
2021) [33] 17 8 treatment Intravenous > > o study-relate in the therapy group
Ruiz et al. (2022) 10 control 12 12 ~ .
[34] 19 9 treatment Intravenous 0 0 No study-related SAE in the therapy group

CNS, central nervous system; LT, life-threatening; PAOD, peripheral artery occlusive disease; TIA, transient
ischemic attack; UTI, urinary tract infection.
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Table 6. Adverse Events by Stem Cell Route of Administration.

Route of Number of Patients in .
Administration Studies Reporting AEs Number of AEs Number of SAEs SAEs/Total Patients
Intravenous 295 282 68 23.05%
Intra-arterial 29 26 5 17.24%
Intracerebral 63 123 28 44.44%
Total 387 431 101 26.09%

Using risk ratio analysis, we compared the stem cell and control groups for AE and
SAE risk. This analysis involved eight studies with available data. Hence, the subgroup
analysis population was heterogenous (I? = 72%). The results showed the stem cell groups
had less risk of AE, although it was not statistically significant (RR = 0.99, 95% CI 0.89-1.09,
p=0.82, 17 = 72%) (Figure 2).

Stem Cell Therapy Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bhasin 2012 0 12 2 12 01% 0.20[0.01,3.77) +————————
Chung 2021 2 39 1 15 0.2% 0.77 [0.08, 7.87]
Hess 2017 59 71 63 63 19.2% 0.83[0.75, 0.93] o
Jailard 2019 18 18 15 15 18.6% 1.00 [0.89, 1.12] .
Jin2016 10 10 10 10 13.7% 1.00 [0.83, 1.20] T
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Figure 2. Forest Plot for the Risk of Adverse Events in Stem Cell Therapy [12,14,19,21,26,29,30,32].

We also compared the stem cell and control groups for SAE risk. This analysis involved
eight studies with available data. The results showed the stem cell groups had less risk of
SAE, but it was not statistically significant (RR = 0.98, 95% CI 0.77-1.26, p = 0.90, 2= 0%).
The sub-group analysis population was homogenous (1> = 0%) (Figure 3).

Stem Cell Therapy Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bhasin 2012 0 12 0 12 Not estimable

Chung 2021 0 39 [ 15 Not estimable

Hess 2017 19 71 21 63 32.9%  0.80[0.48, 1.35] —

Jailard 2019 12 16 14 15 21.4%  0.80[0.59, 1.10] T

Jin 2016 1 10 1 10 1.5% 1.00[0.07, 13.87]

Lee 2010 11 16 20 36 18.2%  1.24[0.80, 1.92] i

Prasad 2014 18 60 15 60 22.2% 1.20[0.67, 2.15] T

Savitz 2019 4 29 2 16 3.8% 1.10[0.23, 5.38]

Total (95% CI) 253 227 100.0% 0.98 [0.77, 1.26] L 2

Total events 65 73

Heterogeneity: Chi® = 3.70, df = 5 (P = 0.59); I’ = 0% [ + + J
Test for overall effect: Z = 0.12 (P = 0.90) o102 o5 i 2 > 1

Figure 3. Forest Plot for the Risk of Severe Adverse Events in Stem Cell Therapy [12,14,19,21,26,29,30,32].

We also provide the results of the quality assessment which can be accessed in Supple-
mentary Materials in order to help the reader in the analysis of the results of the manuscript.

4. Discussion
4.1. Demographics, Timing of Intervention, Territory of Stroke, and Type of Stem Cell

Men outnumbered women by a ratio of 1.65:1, given that men have a greater age-
adjusted stroke incidence; however, women are known to have a higher risk of stroke
due to their longer life expectancy [36,37]. These findings may have been affected by the
choice of therapy for different genders. Some studies reported worse clinical outcomes
with mechanical thrombectomy in women [38-40].

Hypertension, a risk factor for ischemic and hemorrhagic stroke [41], was the most
prevalent comorbidity, followed by diabetes, dyslipidemia, and cardiac issues with a
significant role on the stroke outcome [42].

By the time stem cell therapy was administered, most individuals had had subacute
strokes. The subacute period of stroke is considered the ideal time for the brain to self-
repair [14]. Chronic strokes, on the other hand, necessitate the opening of the blood-brain
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barrier (BBB) to facilitate a more successful treatment strategy. Previous research has shown
that manipulating the BBB with IV mannitol prior to stem cell treatment results in an
increase in trophic factors in the brain following infarction; however, the mRS score was
not observed [32,43]. It should be noted that the increased permeability of the BBB could
worsen the ischemic process through increased inflammatory factors at the injury site [44].
On the other hand, stem cell treatment for acute stroke has been shown to lower the
inflammatory response, enhancing the tissue repair and neuroprotection processes [45,46].

According to the available data, the MCA accounts for the most stroke pathology [47].
Meanwhile, isolated ACA territory strokes are rare, reported to only account for 0.5-3% of
all ischemic strokes [48,49]. Only 1.8% of patients in our research experienced an isolated
ACA stroke, whereas 2.4% had both MCA and ACA stroke. Only two trials in this evalua-
tion reported on patients who had received stem cell treatment for posterior circulation
strokes [30]. Histological differences also play a role. The brainstem is composed more of
white than gray matter [50], and microglia, along with the precursors of oligodendrocytes,
are known to help secrete trophic factors [51].

Most studies utilized autologous bone marrow—derived stem cells [3,12-14,19-22,26,
30,32,46]. The use of these stem cells to mend neural tissue was described with encouraging
results [52-56] and reportedly showed only motoric improvement [12]; in addition, Prasad
observed a slight improvement in outcomes [26]. Lee observed considerable improvement
in the early post-therapeutic period but no improvement at later stages [19]. Kalladka dis-
played improved neurological functions, although no comparative controls were employed
in that study [28].

4.2. Route of Administration: Clinical Outcome and Adverse Events

The route of administration is one of the most contentious issues, as it relates to the
efficacy and safety of the procedure on patients [46,57]. This is discussed in more depth in
our study.

4.2.1. Intravenous Route

Despite being the most frequently utilized approach in the literature analyzed in this
investigation, only four out of eleven studies using the intravenous route for stem cell
delivery reported favorable clinical results, and only one out of four was an RCT. The
other three were not controlled studies, although they all revealed improved neurological
outcomes following therapy for varying lengths of time. Apart from the trial by Lee
et al. (2018), all previous RCTs failed to demonstrate substantially better neurological
results [12,26,29,32].

The intravenous route is regarded as the most straightforward and the least invasive
technique available [58], compared with its intravascular counterpart, the intra-arterial
route. The most recent literature revealed that intravenous stem cell treatment for chronic
ischemic stroke had unsatisfactory results [32].

On the other hand, intravenous stem cell treatment causes stem cells to migrate to
organs other than the brain due to their systemic nature. Research has indicated that time
is critical in stroke therapies, particularly for acute strokes [59], and the fact that brain
tissues are very vulnerable to hypoxia [60]. Hess reported that the early administration of
allogeneic multipotent adult stem cells (<36 h) in cases of acute stroke is associated with
better clinical outcomes [29].

The impact of graft time and route on the survival and functional advantages of
CD133+ human bone marrow cells in a stroke model might help personalize transplantation
methods for individual instances [61]. Localized graft survival with improvement in
motor deficits was observed in both immediate and delayed intracerebral transplantation;
however, compared with graft survival, behavioral improvement was only observed in
immediate intravenous transplantation [61].

As previously noted, stroke is accompanied by severe inflammation and an immune
response early in the disease process; therefore, employing an invasive procedure in the
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acute stage may not be advised [62]. Consequently, in the early stage, pursuing intravenous
transplantation, a minimally invasive treatment, is more advisable.

4.2.2. Intra-Arterial Route

One RCT trial conducted using the intra-arterial route was found to have unsatisfactory
results [14], while the other two studies lacked controls [23,24].

Intra-arterial stem cell administration for stroke facilitates a smaller dose and more
concentrated delivery of cells to the cerebral lesion [60] Savitz mentioned that the therapy’s
dosage has no correlation with the neurofunctional outcome [14]. Moreover, intra-arterial
administration requires a smaller number of cell grafts, compared with the intravenous
route [63], and Zhang et al. (2018) reported better neurologic outcomes in the intra-arterial
group compared with the intravenous and intracerebral routes using an animal model [58].

In general, stem cell delivery via the intra-arterial route has a mechanism of action
similar to stem cell administration via the intravenous route [8]. The primary method of
healing following stem cell administration via the intra-arterial route is via the stimulation
of injected stem cell to produce growth factors, cytokines, and chemokines by paracrine
stem cells that contribute to anti-apoptotic effects, angiogenesis, and neurogenesis [64].

4.2.3. Intracerebral Route

All five studies reported a better clinical outcome regarding intracerebral administra-
tion [25,30], and one reported insignificant improvement in the 24-month mRS, while there
were improvements in the alternative scoring systems [3].

Intracerebral stem cell treatment in instances of cerebral ischemia provides the benefit
of minimizing concern for biodistribution and focused migration of cells into infarcted
neural tissue [58]. Additionally, it has the advantage of direct inoculation and targeted
therapy to the infarcted cerebral tissue without the disadvantages of cell dispersion and
ineffective localization associated with the intravenous route and microembolization and
bubble formation associated with the intra-arterial route [65].

The mechanism of the action of stem cells administered via the intracerebral route
may differ from the intravascular one, as it directs the stem cell delivery [61]. Since the
survival rate and total number of new neurons are exceedingly low, the intracerebral route
may provide neuronal healing. Since the BBB is disturbed in stroke, transplanted stem
cells easily traverse the BBB, congregating in infarcted brain regions and re-establishing the
BBB'’s integrity [10,66—69].

Some reports demonstrated that the intracerebral route may decrease apoptosis in
the ischemia border area and be related to remarkable neurological recovery in animal
models [10,66,70]. It was reported that human bone marrow mesenchymal stem cell
(hMSCs) could reduce the apoptosis in neuronal cell death on cerebral ischemia [68] by
secreting a wide range of anti-inflammatory cytokines [67].

However, the invasive nature of this intracerebral delivery technique requires further
attention and patient selection. Several studies reported procedure-related adverse events.
Kalladka reported one symptomatic procedure-related extradural hematoma and one
symptomatic anticoagulant-related subdural hemorrhage event [28]. Steinberg reported
one asymptomatic procedure-related subdural hemorrhage event with good recovery [3].
Zhang reported one asymptomatic microcerebral hemorrhage without sequelae [58]. The
intracerebral route can be performed using less invasive techniques, such as intraventricular
and subarachnoid administration [69]. The subarachnoid route was reported in an RCT
and had remarkable clinical outcomes in the experimental group [30].

To the authors” knowledge, there is no research comparing the efficacy of various
modalities of stem cell treatments for ischemic strokes in humans. However, Zhang et al.
(2018) reported that the intra-arterial route had superior efficacy compared with other
routes (intravenous and intracerebral) in an animal model of cerebral ischemia [58].

Other routes worth noting are intraperitoneal and intranasal administration [69].
These two routes still require further experimental studies to demonstrate their feasibility,
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safety, and effectiveness. The intranasal route could offer a less invasive approach and is
promising as it bypasses the BBB [71].

42.4. Adverse Events

The majority of AEs (65.42%) occurred in the intravenous group, while 28.53% occurred
in the intracerebral group and 6.03% in the intra-arterial group. The authors recognize
that these data should be treated with caution, as they do not consider the number of
participants and are only a rudimentary representation of all occurrences. As mentioned
above, Laskowitz reported that most AE occurrence was not related to the treatment group
(99.1%) [31]. Consistent with this, Vahidy also reported that there were no study-related
SAEs in the therapy group [13].

The ratio of all reported SAEs to all reported AEs was 26.09%; however, this figure
should be regarded cautiously because not all studies reported on all types of AE [19,28].
The intracerebral group had the highest rate of SAEs (44.44%), followed by the intravenous
group (23.05%), while the intra-arterial group had the lowest rate of SAEs (17.24%). These
findings might be due to the invasiveness of the intracerebral route and the limited sample
in the intra-arterial group [28].

The comparison of AEs and SAEs between the stem cell and control groups was also
studied using forest plot. Although not statistically significant, AEs and SAEs occurred less
in the stem cell group. These findings might have been caused by patients’ comorbidities.

5. Conclusions

In conclusion, although stem cell treatment demonstrated superior results over stan-
dard conservative therapy alone in stroke patients, our data show that several factors (e.g.,
patient’s comorbidities, treatment’s timing, administration route) might blur the treatment’s
benefits and safety. To the best of our knowledge, this review is the first study that deter-
mines the functional outcome and the treatment’s adverse events based on the delivery
route. The findings of trials utilizing various delivery methods demonstrated positive
effectiveness and safety. Although intracerebral injection resulted in better neurological
outcomes than other routes, it was associated with a higher rate of AE because of its intru-
sive nature. On the other hand, the intra-arterial and intravenous routes had unsatisfactory
outcomes but the highest degrees of safety, although the most AE occurrences were not
related to the treatment protocols. Since we found that the studies” outcomes and follow
ups are both varied and limited in most of the included studies in this review, a more
extensive and focused investigation is required to evaluate the effectiveness and safety of
this future treatment strategy.
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