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PRELUDE

My PhD thesis seeks to elucidate the effects of remote ischaemic conditioning on arterial
stiffness, endothelial glycocalyx integrity, and biochemical function in patients undergoing
PPCI for STEMI. Expanding on these acute processes, it explores their interaction with
ventricular remodelling in an attempt to identify and propose a role for remote conditioning,

in the everlasting endeavour to inhibit the progression to ischaemic heart failure.

This research project has taken place in the Laboratory of Preventive Cardiology and
Vascular Diseases of the Second Cardiology Department of the Attikon University Hospital,
under the expert guidance and support of Professor Ignatios Ikonomidis. It is him who I thank
first and foremost for his relentless efforts and invaluable mentoring. His scientific expertise
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trial.
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my Cardiology finals, recognised my passion for the cardiovascular system and gave me a
ticket to an exciting world of scientific exploration. Without his generosity and disinterest, I

would have never been given this amazing opportunity.

For our joint investigation of remote conditioning properties, I am grateful beyond words to
Professor Eftasthios Iliodromitis. His world-class expertise in studying these phenomena
facilitated our attempts to design our study, comprehend the data obtained, and validly
expand on the commonly conflicting evidence pertaining to the cascades underlying

ischaemic conditioning.

Words are not enough to express my gratitude to Professor loanna Andreadou. By providing
us with expert insight into the intriguing biochemical mechanisms of the cardiovascular

system, and by overseeing the utilised experimental methods, she played an irreplaceable role



in the completion of our project. I would also like to thank all my colleagues, who
contributed to any degree to these efforts, making our Laboratory a formidable centre of

medical exploration.

This thesis is dedicated to Katerina, my better half, who has supported me through storms of
doubt and fear. It is also dedicated to Nicholas, who I was blessed to have as my brother, and
my parents Kostas and Kyriaki, with the hope to give something small in return for

dedicating their lives to us.

‘If I have seen further, it is by standing on the shoulders of giants.’

Isaac Newton



CONTENTS

A. Dimitrios Vlastos brief CV
B. Abstract
C. Introduction
D. Literature review
1. Ischemia-reperfusion injury: the price of coronary reperfusion
2. Ischaemic conditioning: the protective properties of brief ischaemia and

reperfusion episodes

3. The role of endothelial glycocalyx in IRI and ischaemic conditioning

4. The role of arterial stiffness in IRI and ischaemic conditioning

5. The role of oxidative stress in IRI and ischaemic conditioning

6. The role of nitrate-nitrite-NO pathway in IRI and ischaemic conditioning
7. IL-6 in IRI and ischaemic conditioning

8. MicroRNAs in IRI and ischaemic conditioning
0. Cardiac remodelling: from myocardial infarction to heart failure

E. Methods

=

Results

Discussion

= Q@

Conclusions

el

References
J. Tables
K. Figures

L. Associated publication, abstracts, and oral presentations



DIMITRIOS VLASTOS BRIEF CV

PERSONAL DETAILS

FIRST NAME: DIMITRIOS

SURNAME: VLASTOS

PLACE OF BIRTH: ATHENS, GREECE

SPECIALTY: CARDIOTHORACIC SURGERY

PRESENT POSITION: THORACIC SURGERY SHO, ROYAL BROMPTON HOSPITAL;

RESEARCH FELLOW, SECOND CARDIOLOGY DEPARTMENT, ATTIKON

UNIVERSITY HOSPITAL

EDUCATION AND QUALIFICATIONS

2001-2007: Second High School of Glyfada

2007-2015: National and Kapodistrian University of Athens Medical School, MD

2019: Member of the Royal College of Surgeons (MRCS) PART A-PASS (88%)

2020-2021: Royal College of Surgeons of England, PGCert in Surgery

ELECTIVE PLACEMENTS

e 2013: Western General Hospital (Edinburgh) Colorectal Surgery Department elective

placement



SCIENTIFIC MEMBERSHIPS

e Hellenic Society of Cardiology aorta and peripheral arteries Working Group nucleus
member

e Member of the Working Group on Aorta & Peripheral Vascular Diseases (European
Society of Cardiology)

¢ Gold Member of the Association for Acute CardioVascular Care (European Society
of Cardiology)

e Member of the Society for Cardiothoracic Surgery in Great Britain and Ireland

CAREER HISTORY

2015-2019:

e Research Fellowship in Cardiology (Attikon University Hospital, Athens, Greece)

e Foundation Training in General Surgery (18 months)

2020-2021:

e Clinical Fellowship in Cardiac and Aortic Surgery (Royal Brompton Hospital,
London, UK; 6 months)

e C(linical Fellowship in ICU/ECMO (COVID-19 redeployment, Royal Brompton
Hospital, London, UK; 6 months)

e Clinical Fellowship in Thoracic Surgery (Royal Brompton Hospital, London, UK; 6
months)

e National Training Number Match: Cardiothoracic-themed Core Surgical training



COURSES ATTENDED

2015: Advanced Life Support Provider (ALS-European Resuscitation Council)

2015: Advanced Life Support Generic Instructor Course (ALS GIC-European Resuscitation

Council)

2016: Advanced Trauma Life Support Provider (ATLS-American College of Surgeons)
2017: Basic Surgical Skills (BSS-Royal College of Surgeons of England)

2017: Core Skills in Vascular Surgery (Royal College of Surgeons of Edinburgh)

2018: Surgical Skills in Emergency Surgery and Trauma (SSET-Royal College of Surgeons

of England)
2020: Cardiac Surgery Advanced Life Support (CALS) e-course

2020: COVID-19 Critical Care: understanding and application (The University of Edinburgh

and Royal College of Physicians of Edinburgh)

2020: Virtual Critical Care Rounds I Adult (Society of Critical Care Medicine)

2020: Fundamental Critical Care Support, 6" Edition (Society of Critical Care Medicine)
2020: Mechanical Ventilation for COVID-19 (Harvard Medical School)

2020: COVID-19: tackling the novel coronavirus (London School of Hygiene and Tropical

Medicine and UK Public Health Rapid Support Team)
2020: Introduction to Critical Care Medicine (University of Glascow)
2020: ICU COVID-19 remote course (Brunel University London)

2020: Infection Prevention and Control (IPC) for Novel Coronavirus (COVID-19) (World

Health Organization)



2020: Emerging respiratory viruses, including COVID-19: methods for detection, prevention,

response and control (World Health Organization)

2020: Clinical Care Severe Acute Respiratory Infection (World Health Organization)

2020: >50 Association for Acute CardioVascular Care and e-Learning for Healthcare mini

courses

2020: Essential Skills in Cardiothoracic Surgery (ST2 level; SCTS)

2020: Birmingham Review Course in Cardiothoracic Surgery (SCTS, RCSEn)

2020: My Virtual Anastomosis Coronary Anastomosis Course (Ethicon distant OSATS

course)

2020: Core Skills in Laparoscopic Surgery (RCSen; awarded 100% score in laparoscopic

suturing OSATYS)

2021: Rigid Bronchoscopy (RBHT local course)

2021: PAR Excellence Coronary Anastomosis Course

2021: London Core Review Cardiothoracic Surgery Course (SCTS)

2021: Fundamentals in Cardiac Surgery - Coronary Artery Disease (EACTYS)

2021: Introduction to Aortic Surgery (EACTS)

2021: Thoracic Surgery Series 1 (EACTS)

2021: Core Cardiac Surgical Skills course (SCTS)

2021: Introduction to Human Factors (Epsom an St Helier University Hospitals)

2021: Difficult decisions in heart valve surgery: An evidence-based approach (RSM)



COURSES INSTRUCTED

1) eALS (Advanced Life Support) 23 Sep 2020

2) eALS (Advanced Life Support) 24 Sep 2020

3) GIC (Generic Instructor Course) 22 Jun 2019

4) ALS (Advanced Life Support) 10 Mar 2018

5) ALS (Advanced Life Support) 03 Feb 2018

6) ALS (Advanced Life Support) 01 Jul 2017

7) ALS (Advanced Life Support) 10 Jun 2017

8) ILS (Immediate Life Support) 04 Mar 2017

9) ALS (Advanced Life Support) 15 Oct 2016

10) ALS (Advanced Life Support) 25 Jun 2016

11) ILS (Immediate Life Support) 11 Jun 2016

12) ALS (Advanced Life Support) 09 Apr 2016

12) ALS (Advanced Life Support) 05 Mar 2016

14) ALS (Advanced Life Support) 30 Jan 2016

COURSES DIRECTED

1) ALS (Advanced Life Support) 05 Oct 2019

2) ALS (Advanced Life Support) 21 Sep 2019

3) ALS (Advanced Life Support) 01 Jun 2019

4) ALS (Advanced Life Support) 06 Apr 2019



5) ALS (Advanced Life Support) 12 May 2018

6) ILS (Immediate Life Support) 24 Feb 2018

RESEARCH EXPERIENCE

2008-2013: National and Kapodistrian University of Athens Medical School
Department of Anatomy pregraduate academic fellow
2015-2021: Attikon University Hospital Second Cardiology Department research

fellow

PUBLICATIONS

1)

2)

3)

4)

Ikonomidis I*, Vlastos D* (joint first author), Andreadou I, Gazouli M, Efentakis P,
Varoudi M, Makavos G, Kapelouzou A, Lekakis J, Parissis J, Katsanos S, Tsilivarakis
D, Hausenloy DJ, Alexopoulos D, Cokkinos DV, Batker HE, Iliodromitis EK.
Vascular conditioning prevents adverse left ventricular remodelling after acute
myocardial infarction: a randomised remote conditioning study. Basic Res Cardiol.
2021 Feb 6;116(1):9. doi: 10.1007/s00395-021-00851-1. PMID: 33547969.

Dimitrios Vlastos, Franzisco Fernandes, Ishaansinh Chauhan, Saeed Mirsadrace MD,
George Asimakopoulos MD. Successful conservative treatment of a type A aortic
intramural haematoma. JACC Case Reports 2:1143-1147

Ikonomidis I, Vlastos D, Kostelli G, Kourea K, Katogiannis K, Tsoumani M, Parissis
J, Andreadou I, Alexopoulos D. Differential effects of heat-not-burn and conventional
cigarettes on coronary flow, myocardial and vascular function. Sci Rep. 2021 Jun
3;11(1):11808. doi: 10.1038/s41598-021-91245-9.

Katogiannis K, Vlastos D, Kousathana F, Thymis J, Kountouri A, Korakas E, Plotas
P, Papadopoulos K, Ikonomidis I, Lambadiari V. Echocardiography, an Indispensable

Tool for the Management of Diabetics, with or without Coronary Artery Disease, in



5)

6)

7)

8)

Clinical Practice. Medicina (Kaunas). 2020 Dec 18;56(12):709. doi:
10.3390/medicina56120709. PMID: 33352952

Dimitrios C Angouras, Maria Mademli, Dimitrios Vlastos, Dimitrios Dougenis.
Successful conservative management of left ventricular pseudoaneurysm caused by a
vent catheter. European Journal of Cardio-Thoracic Surgery, €zz243,

https://doi.org/10.1093/ejcts/ezz243

Tzortzis S, Ikonomidis I, Triantafyllidi H, et al. Optimal Blood Pressure Control
Improves Left Ventricular Torsional Deformation and Vascular Function in Newly
Diagnosed Hypertensives: a 3-Year Follow-up Study [published online ahead of print,
2020 Jan 2]. J Cardiovasc Transl Res. 2020;10.1007/s12265-019-09951-9.
doi:10.1007/s12265-019-09951-9

Theodore G. Papaioannou, John Thymis, Dimitrios Benas, Helen Triantafyllidi,
Gavriela Kostelli, George Pavlidis, Fotini Kousathana, Kostantinos Katogiannis,
Dimitrios Vlastos, Vaia Lambadiari, Evangelia Papadavid, John Parissis, Dimitrios
Tousoulis, Ignatios Ikonomidis. Measurement of central augmentation index by three
different methods and techniques: Agreement among Arteriograph, Complior, and
Mobil-O-Graph devices. J Clin Hypertens. 2019; 21: 1386— 1392.

https://doi.org/10.1111/jch.13654

Ignatios Ikonomidis, Alexandra Frogoudaki, Agathi-Rosa Vrettou, loannis Andreou,
Lina Palaiodimou, Konstantinos Katogiannis, Chryssa Liantinioti, Dimitrios Vlastos,
Paschalis Zervas, Maria Varoudi, Vaia Lambadiari, Helen Triantafyllidi, George
Pavlidis, Panagiotis Efentakis, Maria Tsoumani, Argirios E. Tsantes, John Parissis,
Ioanna Revela, loanna Andreadou, Georgios Tsivgoulis. Impaired Arterial Elastic

Properties and Endothelial Glycocalyx in Patients with Embolic Stroke of


https://doi.org/10.1093/ejcts/ezz243
https://doi.org/10.1111/jch.13654

9)

Undetermined Source. Thromb Haemost. 2019 Aug 17. https://doi.org/10.1055/s-

0039-1694752.

Ikonomidis, 1. , Aboyans, V., Blacher, J. , Brodmann, M. , Brutsaert, D. L., Chirinos,
J. A., De Carlo, M. , Delgado, V., Lancellotti, P. , Lekakis, J. , Mohty, D.,
Nihoyannopoulos, P. , Parissis, J. , Rizzoni, D. , Ruschitzka, F. , Seferovic, P. ,
Stabile, E. , Tousoulis, D. , Vinereanu, D. , Vlachopoulos, C. , Vlastos, D. ,
Xaplanteris, P. , Zimlichman, R. and Metra, M. (2019), The role of ventricular—
arterial coupling in cardiac disease and heart failure: assessment, clinical implications
and therapeutic interventions. A consensus document of the European Society of
Cardiology Working Group on Aorta & Peripheral Vascular Diseases, European
Association of Cardiovascular Imaging, and Heart Failure Association. Eur J Heart

Fail, 21: 402-424. doi:10.1002/ejhf.1436

10) Ignatios Ikonomidis, George Pavlidis, Pelagia Katsimbri, [oanna Andreadou, Helen

Triantafyllidi, Maria Tsoumani, Maria Varoudi, Dimitrios Vlastos, George Makavos,
Gavriella Kostelli, Dimitrios Benas, John Lekakis, John Parissis, Dimitrios Boumpas,
Dimitrios Alexopoulos, Efstathios [liodromitis. Differential effects of inhibition of
interleukin 1 and 6 on myocardial, coronary and vascular function. Clin Res Cardiol.

2019 Oct;108(10):1093-1101. doi: 10.1007/s00392-019-01443-9. Epub 2019 Mar 11.

11) Dimitrios Benas, Michalis Kornelakis, Helen Triantafyllidi, Gavriela Kostelli, George

Pavlidis, Maria Varoudi, Dimitrios Vlastos, Vaia Lambadiari, John Parissis &
Ignatios Ikonomidis (2019) Pulse wave analysis using the Mobil-O-Graph,
Arteriograph and Complior device: a comparative study, Blood Pressure, 28:2, 107-

113, DOI: 10.1080/08037051.2018.1564236

12) Ignatios Ikonomidis, Spyridon Katsanos, Hellen Triantafyllidi, John Parissis, Stavros

Tzortzis, George Pavlidis, Paraskevi Trivilou, Georgios Makavos, Maria Varoudi,


https://doi.org/10.1055/s-0039-1694752
https://doi.org/10.1055/s-0039-1694752

Alexandra Frogoudaki, Agathi-Rosa Vrettou, Dimitrios Vlastos, John Lekakis,
Efstathios Iliodromitis. Pulse wave velocity to global longitudinal strain ratio in

hypertension. Eur J Clin Invest. 2019; 49:¢13049. https://doi.org/10.1111/eci.13049

13) Helen Triantafyllidi, Dimitris Benas, Stefanos Vlachos, Dimitris Vlastos, George
Pavlidis, Antonios Schoinas, Mary Varoudi, Dionysia Birmpa, Paraskevi Moutsatsou,
John Lekakis, Ignatios Ikonomidis. HDLcholesterol levels and endothelial glycocalyx
integrity in treated hypertensive patients. J Clin Hypertens. 2018; 20: 1615— 1623.

https://doi.org/10.1111/jch.13404

14) Ignatios Ikonomidis, Astrinos Voumvourakis, George Makavos, Helen Triantafyllidi,
George Pavlidis, Konstantinos Katogiannis, Dimitris Benas, Dimitris Vlastos,
Paraskevi Trivilou, Maria Varoudi, John Parissis, Efstathios Iliodromitis, John
Lekakis. Association of impaired endothelial glycocalyx with arterial stiffness,
coronary microcirculatory dysfunction, and abnormal myocardial deformation in
untreated hypertensives. J Clin Hypertens. 2018; 20: 672— 679.
https://doi.org/10.1111/jch.13236

15) Ignatios Ikonomidis, Dimitrios Vlastos, Kallirrhoe Kourea, Gavriela Kostelli, Maria
Varoudi, George Pavlidis, Panagiotis Efentakis, Helen Triantafyllidi, John Parissis,
loanna Andreadou, Efstathios Iliodromitis, John Lekakis. Electronic Cigarette
Smoking Increases Arterial Stiffness and Oxidative Stress to a Lesser Extent Than a
Single Conventional Cigarette: An Acute and Chronic Study. Circulation. 2018 Jan
16;137(3):303-306. doi: 10.1161/CIRCULATIONAHA.117.029153.

16) Ignatios Ikonomidis, Margarita Marinou, Dimitrios Vlastos, Kallirhoe Kourea, loanna
Andreadou, Nikolaos Liarakos, Helen Triantafyllidi, George Pavlidis, Elias Tsougos,
John Parissis, John Lekakis. Effects of varenicline and nicotine replacement therapy

on arterial elasticity, endothelial glycocalyx and oxidative stress during a 3-month


https://doi.org/10.1111/eci.13049
https://doi.org/10.1111/jch.13404

smoking cessation program. Atherosclerosis. 2017 Jul;262:123-130. doi:
10.1016/j.atherosclerosis.2017.05.012. Epub 2017 May 13.

17) I. Ikonomidis, G. Pavlidis, V. Lambadiari, F. Kousathana, H. Triantafyllidi, M.
Varoudi, D. Vlastos, S. Vlachos, G. Dimitriadis, J. Lekakis, P673. Improvement of
arterial stiffness and myocardial deformation in patients with poorly controlled
diabetes mellitus type 2 after optimization of antidiabetic medication, European Heart
Journal - Cardiovascular Imaging, Volume 17, Issue suppl 2, December 2016, Pages

1113611143, https://doi.org/10.1093/ehjci/jew250.002

18) Ignatios Ikonomidis, Dimitrios Vlastos, John Parissis, Phenotyping heart failure with
preserved ejection fraction by echocardiography: a light in the tunnel?, European
Heart Journal - Cardiovascular Imaging, Volume 18, Issue 6, June 2017, Pages 636—

638, https://doi.org/10.1093/ehjci/jex025

19) Troupis TG, Michalinos A, Vlastos D, Protogerou V, Goutas N, Spiliopoulou C,
Skandalakis P. Combined variations of superior mesenteric artery branches. Am Surg.
2014 Apr;80(4):E103-4

20) Troupis TG, Michalinos A, Manou V, Vlastos D, Johnson EO, Demesticha T,
Skandalakis P. Report of an unusual combination of arterial, venous and neural
variations in a cadaveric upper limb. J Brachial Plex Peripher Nerve Inj. 2014 Feb

5;9:2. doi: 10.1186/1749-7221-9-2. PMID: 24495850; PMCID: PMC4002576.

ORAL PRESENTATIONS

International

1) Contemporary management of thoracic aortic aneurysms
2) Electronic cigarette smoking increases arterial stiffness and oxidative stress to a lesser

extent than a single normal cigarette: an acute and chronic study


https://doi.org/10.1093/ehjci/jew250.002
https://doi.org/10.1093/ehjci/jex025

3) Remote ischemic conditioning confers arterial elasticity improvement, oxidative

stress alleviation, and cardioprotective microRNAs upregulation in STEMI patients

National

1) The role of ventriculoarterial coupling in cardiovascular disease

2) Remote ischemic conditioning results in oxidative stress reduction and nitrate-nitrite-

nitric oxide pathway activation in acute myocardial infarction patients

3) The effects of smoking cessation on arterial function

4) The effects of ischemic conditioning on arterial function in the context of AMIL. Is

there a clinical benefit?
5) The role of arterial function in remote ischemic conditioning

6) In-hospital Advanced Life Support resuscitation

ABSTRACTS

72 abstracts in international and national conferences

PRIZES/DISTINCTIONS
Awarding body Description Year
WILEY Top downloaded paper 2018-2019 distinction (The | 2020

role of ventricular—arterial coupling in cardiac
disease and heart failure: assessment, clinical
implications and therapeutic interventions. A
consensus document of the European Society of
Cardiology Working Group on Aorta & Peripheral

Vascular Diseases, European Association of




Cardiovascular Imaging, and Heart Failure

Association)
Hellenic Society of As a distinction of my research project: 'Study of 2016
Cardiology the effects of remote ischemic postconditioning on

the expression of cardioprotective and vasoactive
microRNAs and their correlation with vascular

function and cardiac remodelling after STEMI'

Hellenic Society of As a distinction of the research project I 2015
Lipidology of contributed to: 'The effects of electronic cigarette
Atherosclerosis and use on arterial stiffness and endothelial glycocalyx
Vascular Disease of smokers'

LETTERS OF RECOMMENDATION

1) Professor of Cardiology Ignatios Ikonomidis, National and Kapodistrian University of
Athens, Second Cardiology Department, Attikon University Hospital

2) Professor of Cardiology John Lekakis, Second Cardiology Department, National and
Kapodistrian University of Athens, Attikon University Hospital

3) Dr Sarah Trenfield, Consultant Cardiothoracic Anaesthetist, Clinical Lead High
Dependency Unit, Clinical Director AICU, Royal Brompton Hospital

4) Miss Sofina Begum, Consultant Thoracic Surgeon, Educational and clinical
supervisor; Royal Brompton Hospital, London

5) Mr George Asimakopoulos, Consultant Cardiac Surgeon, Educational and clinical
supervisor; Royal Brompton Hospital, London

6) Dr Christine Weaver MBChB MRCP EDIC FFICM, AICU Consultant, Royal

Brompton Hospital, London



7) Clinical Senior Lecturer in Colorectal Surgery Hugh Paterson, Western General
Hospital, Edinburgh
8) Associate Professor of Descriptive Anatomy Theodore Troupis, National and

Kapodistrian University of Athens



ABSTRACT

Aims

Remote ischemic conditioning (RIC) alleviates ischemia-reperfusion injury via several
pathways, including micro-RNAs (miRs) expression and oxidative stress modulation. We
investigated the effects of RIC on endothelial glycocalyx, arterial stiffness, LV remodelling,

and the underlying mediators within the vasculature as a target for protection.

Methods & Results We block-randomised 270 patients within 48h of STEMI post-PCI to
either one or two cycles of bilateral brachial cuff inflation, and a control group without RIC.
We measured: a) the perfusion boundary region (PBR) of the sublingual arterial microvessels
to assess glycocalyx integrity; b) the carotid-femoral pulse wave velocity (PWV); ¢) miR-
144, -150, -21, -208, nitrate-nitrite (NOx) and malondialdehyde (MDA) plasma levels at
baseline (T0) and 40 minutes after RIC onset (T3); and d) LV volumes at baseline and after
one year. Compared to baseline, there was a greater PBR and PWV decrease, miR-144 and
NOx levels increase (p<0.05) at T3 following single- than double-cycle inflation (PBR: ATO-
T3=0.249+0.033 vs 0.126+0.034 um, p=0.03 and PWV:0.4+0.21 vs -1.02+0.24 m/s, p=0.03).
Increased miR-150, -21, -208 (p<0.05) and reduced MDA was observed after both protocols.
Increased miR-144 was related with PWV reduction (r=0.763, p<0.001) after the first-cycle
inflation in both protocols. After one year, single-cycle RIC was associated with LV end-
systolic volume reduction (LVESV) >15% (odds-ratio of 3.75, p=0.029). miR-144 and PWV
changes post-RIC were interrelated and associated with LVESV reduction at follow-up

(r=0.40 and 0.37, p<0.05), in the single cycle RIC.

Conclusions

RIC evokes “vascular conditioning” likely by upregulation of cardio-protective microRNAs,

NOx production, and oxidative stress reduction, facilitating reverse LV remodelling.
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INTRODUCTION

Expeditious primary percutaneous coronary intervention (PPCI) constitutes the cornerstone
of treating ST-segment elevation myocardial infarction (STEMI) [1,2]. ‘Time is muscle’,
since the duration of ischaemia significantly affects infarct size, and prompt management
reduces STEMI morbidity and mortality [3,4]. However, the restoration of blood flow and the
abrupt reoxygenation of the ischemic myocardium induces an additional component of
ischaemia-reperfusion injury (IRI) which expands infarct size [5]. Importantly, IRI limits the
beneficial effects of PPCI on myocardial salvage in patients with STEMI [6]. Remote
ischemic conditioning (RIC), with application of brief episodes of ischemia and reperfusion
in vascular beds distant to the organ at risk, activates a protective phenotype against IRI [7]. It
confers reduced myocardial infarct size and improved myocardial salvage index, decreases
the need for pharmacological and mechanical haemodynamic support, and induces superior
recovery of left ventricular (LV) systolic function after STEMI [8], with mixed evidence
regarding its impact on cardiac mortality and hospitalisation for heart failure [8, 9]. In
addition, seven-day RIC improves local and systemic endothelial function and
microcirculation in healthy humans [10]. However, the role of RIC on vascular function in
STEMI post-PCI patients and the mechanism of its possible protective action have not been

evaluated.

Endothelial glycocalyx consists of glycoproteins and proteoglycans that form a surface layer,
preventing the direct contact between blood cells and vascular endothelium [11]. It is
damaged after exposure to atherogenic risk factors, including hyperglycaemia, dyslipidaemia,
hypertension, and smoking [12], and by IRI [13], contributing to coronary microvascular
injury (resulting in oedema, vasomotion impairment, coronary microembolization, capillary
destruction and haemorrhage). In turn, coronary microvascular injury adversely affects

ventricular function and remodelling, and is associated with increased incidence of



cardiovascular complications and mortality [13]. Increased oxidative stress appears to play an
important role, since reactive oxygen species (ROS) induce an acute but reversible
impairment of glycocalyx structure [14]. In addition to the coronary circulation, endothelial
function of the peripheral arteries is also impaired following AMI with the maximal
disturbance observed during the first 24 to 72 hours post AMI [15,16], while its assessment
within 24 hours of the index event has been shown to predict infarct extension and adverse
LV remodelling [15]. Furthermore, endothelial glycocalyx impairment assessed by sublingual
microscopy has been associated with microvascular angina, providing additional evidence
that the properties of the peripheral arterial system may reflect the state of the coronary
microvasculature [17]. In the context of RIC investigation, this method of endothelial
glycocalyx integrity measurement might be preferable to assessment of endothelial function
using measurement of the flow- mediated dilation (FMD) of the brachial artery. This is
because it obviates the need for an additional ischemia-hyperaemia cycle provoked by the
extra cuff inflation needed for the FMD study, which would confound the total ischemic
burden and stimulus timing of our intervention. Moreover, endothelial glycocalyx integrity is
a measure of vascular permeability, while FMD measurement mainly quantifies the capability
of NO production by the endothelium. Although RIC has been demonstrated to improve
peripheral [7] and coronary endothelial function [18,19] and to reduce the oxidative stress

burden associated with IRI [20], its effects on glycocalyx properties have not been defined.

RIC is associated with arterial stiffness alleviation in patients with stable ischemic heart
disease [21]. Increased arterial stiffness augments LV afterload and decreases diastolic
coronary perfusion [22], reducing oxygen supply to demand ratio. Thus, arterial stiffening
may contribute to adverse LV remodelling and thus, to poor prognosis post-AMI [23].
However, the effects of RIC on arterial elastic properties and their interaction with LV

remodelling in AMI patients remain unclear.



Oxidative stress enhancement constitutes an important component of IRI [24]. Biomembrane
polyunsaturated lipid peroxidation by ROS generated during abrupt reperfusion generates
malondialdehyde (MDA) [24]; indeed, increased MDA levels have been reported following
PCI and thrombolysis for STEMI [20]. Studies in patients with systemic inflammatory
disease have linked increased MDA with impaired LV function and its reduction after
treatment with a concomitant LV function improvement [25]. In this respect, RIC reduces
lipid peroxidation with attendant decreased MDA levels [20], and thus may induce

improvement of myocardial function post-PCI in STEMI.

Nitrate (NO3-) and nitrite (NO2-) have recently been shown to function as recycling
substrates in a process of NO regeneration, which is independent of the classic L-arginine-
NO-synthase (NOS) pathway [26]. Thus, the nitrate-nitrite (NOx) pool could be perceived as
a reservoir of NO bioactivity that complements NOS in states of low-oxygen tension, such as
during AMI and could further contribute to vascular protection and myocardial protection

post-RIC [27].

In addition, IRI evokes a systemic inflammatory response with significantly increased IL-6
levels [28]. This results in enhanced neutrophil adherence to the cardiovascular endothelium,
with deleterious effects [28]. Similarly, IL-6 pathway appears to mediate vascular
inflammation in various disease processes [29]. RIC has been reported to decrease IL-6 levels
in animal models of systemic inflammation and ischemia [30], but its effects on IL6

production post-STEMI have not been clearly defined.

MicroRNAs (MiRs) are small, single stranded, non-coding RNA molecules that regulate
post-transcriptional gene expression in response to cellular or environmental stimuli [31].
MicroRNA-144 (miR-144) has been recognised as an important mediator [32] implicated in

RIC signalling both in vascular and myocardial cells. Moreover, miR-150 inhibits apoptosis



and fibrosis in the setting of animal models of myocardial IRI[33]. Additionally, miR-21 has
been demonstrated to mediate cardio-protection in coronary artery bypass graft (CABG)
patients undergoing remote ischemic conditioning [34]. On the contrary, miR-208 exerts
deleterious effects by way of hypertrophy and adverse remodelling induction [35]. However,
the effects of RIC on miRs involved in cardiac and vascular function are not fully

investigated in the clinical setting.

Following AMI, a non-contractile and expanding infarcted zone of scar tissue is formed. This
expansion leads to an increased volume load, which in turn augments the pressure load
exerted on non-infarcted regions resulting in adverse LV remodelling. Long-term LV
remodelling after AMI may last for up to 2 years after the index event and is associated with

cardiovascular mortality [36].

Based on the above observations, the aim of the present study was to determine the “vascular
conditioning” potential of RIC by investigating its effects on endothelial glycocalyx, arterial
stiffness, and oxidative stress burden after primary PCI, as well as to identify the role of
specific miRs, NOx and IL-6 production on vascular function early post MI. With regards to
the implemented protocols, there is evidence supporting that a total ischemic period of 5 to 10
minutes may confer the optimum ischemic conditioning stimulus [37,38], while 5 minutes of
ischemic inflation induce maximal shear-mediated NO release and vasodilation in FMD
studies [39]. Additionally, a single 5-minute inflation-deflation cycle has been demonstrated
to confer increased nitrite levels and attendant cyto-protection, both of which progressively
weaned following each additional ischemic cycle [40]. Based on the above, we utilised either
a single or a double 5-minute cycle ischemic inflation to explore the potential effects of each
RIC protocol on “vascular conditioning”. Additionally, we intended to shed light on any

possible contribution of “vascular conditioning” to long-term reverse LV remodelling.



LITERATURE REVIEW

1. Ischemia-reperfusion injury: the price of coronary reperfusion

IRI encompasses the injurious effects of restoring perfusion and oxygenation of a previously
ischaemic organ [5,6,41]. Intriguingly, it further contributes to the existent ischaemic damage
and leads to the expansion of the infarcted area [5]. It was first described in a canine model of
reperfused myocardium: cellular swelling, myofibrillar contracture, sarcolemmal disruption,
and intramitochondrial calcium phosphate precipitation were among the identified
histological changes [42]. Myocardial IRI culminates in four types of dysfunction, namely
myocardial stunning, no-reflow phenomenon, reperfusion arrhythmias, and lethal reperfusion
injury [5]. Myocardial stunning is defined as mechanical dysfunction in spite of coronary
flow restoration and the absence of irreversible ischaemic damage [43], while no-reflow
phenomenon is an extreme form of microvascular dysfunction [44] that prevents the
reperfusion of a previously ischaemic territory [45]. Reperfusion arrhythmias can be
malignant [46], while lethal reperfusion injury denotes the reperfusion-induced

cardiomyocyte death [5].

Oxidative stress serves as a key mediator of IRI [5,47,48], both directly within the realms of
the oxygen paradox (whereby the cumulative injury after reoxygenation surpasses the injury
caused by the ischemia per se [49]) and indirectly through the reduction of NO bioavailability
(which inhibits inflammation, inactivates ROS, and improves coronary flow [50]). The
calcium paradox phenomenon further aggravates IRI and is the result of sarcollemal damage
and oxidative stress-derived dysfunction of the sarcoplasmic reticulum [51]. It is
characterised by calcium overload that overwhelms the myocardial calcium regulation
mechanisms and leads to cardiomyocyte hypercontracture, mPTP opening, and a resultant

cellular death [51]. The normalisation of pH is an additional trigger of deleterious cascades



(the pH paradox [52]), while sterile inflammation is recognised as an additional component of
injury [5,41]. More specifically, neutrophil migration promoted be chemotactic signals and
cell-adhesion molecules results in vascular plugging, ROS generation, and release of

proteases [53-56].

The deleterious effects of IRI are clinically reflected on the natural history of ischaemic heart
disease following PPCI for STEMI [6]. Despite the accumulated experience and the
constantly evolving techniques for coronary reperfusion, the morbidity and mortality of heart
failure after AMI remain considerable [57,58]. More specifically, 1-year cardiovascular
mortality post-PCI varies from 2 to 11% [9,59,60]. In this context, infarct size has been
demonstrated as a powerful predictor of outcomes: infarct size at a median time of 4 days
after STEMI independently predicted all-cause mortality and rehospitalisation for heart
failure within 1 year [61]. Furthermore, IRI is not physiologically isolated in the index
reperfused organ and may induce a systemic inflammatory reaction with the potential to
progress to multi-organ dysfunction [7,62,63]. The systemic nature of IRI is also underscored
by the peripheral endothelial dysfunction that accompanies ACS [64,65]. Interestingly,
peripheral endothelial function assessment has prognostic properties, as forearm blood flow
response was a significant independent predictor of poor prognosis, while peripheral
vasoreactivity response recovery within 8 weeks of the index event predicted further event-
free survival after ACS [64] (the endothelial recovery suggests that the ACS caused an
additional and potentially reversible insult). Similarly, endothelium-dependent brachial artery

dilation independently predicted adverse outcomes within 24.8 months [65].



2. Ischaemic conditioning: the protective properties of brief ischaemia and

reperfusion episodes

Ischaemic preconditioning signifies the original cardioprotection paradigm. This
phenomenon was first studied in a canine model of myocardial ischaemia, whereby four
episodes of 10-minute circumflex occlusion of the circumflex artery, each followed by 20
minutes of reperfusion, resulted in less extensive adenine triphosphate (ATP) loss and
necrosis compared with a 40-minute occlusion [66]. In addition, successive occlusions caused
diminished lactate production [66]. This study set the stage for the subsequent demonstration
of the protective ischaemic preconditioning properties: 4 episodes of 5-minute circumflex
occlusion, each followed by 5 minutes of reperfusion, limited the infarction caused by 40
minutes of sustained circumflex ischaemia by 25% in comparison with dogs that had not
undergone preconditioning [67]. Ischaemic preconditioning in humans was first applied in
patients undergoing elective percutaneous transluminal coronary angioplasty (PTCA): in a
landmark study investigating the clinical, haemodynamic, and metabolic response to
sequential 90-second left-anterior descending (LAD) artery occlusions it was evident that the
second occlusion caused less anginal discomfort, smaller ST-segment deviations, lower mean

pulmonary artery pressure, and decreased lactate production [68].

The concept of ischaemic conditioning has been expanded temporally and anatomically.
Ischaemic postconditioning entails brief cycles of ischaemia and reperfusion applied after the
onset of the index reperfusion: in one of the key experimental studies, it was shown that 3
cycles of 30-second reperfusion and 30-second LAD occlusion at the beginning of
reperfusion, i.e., postconditioning, was equally effective with a preconditioning protocol of a
5-minute LAD occlusion and 10 minutes of reperfusion before the index ischaemic event
with regards to infarct size reduction, coronary endothelial function preservation, and lipid

peroxidation reduction [69]. These findings were later clinically confirmed in patients



undergoing PCI for AMI, where 4 episodes of 1-minute inflation followed by 1-minute
deflation of the angioplasty balloon after the culprit lesion stenting leaded to a significant
decrease of the creatine kinase area under the curve and a significant increase of blush grade,
reflecting a 36% infarct size reduction and improved myocardial reperfusion, respectively
[70]. Similarly, postconditioning at PCI for STEMI reduced creatine kinase peak serum levels
and reduced myocardial infarct size and oedema, as assessed by magnetic resonance imaging
[71]. In the same clinical context, 4 cycles of 1-minute occlusion and 1-minute reperfusion
ameliorated coronary microvascular obstruction as signified by the reduced incidence of no-
reflow phenomenon [72]. Moreover, in one of the most recent postconditioning trials, 4
cycles of 30-second inflation/deflation at PCI for STEMI inhibited microvascular obstruction
and conferred improved LV-remodelling 1 year after the index event as assessed by magnetic
resonance imaging [73]. Postconditioning has also been shown to confer improved LV
functional recovery: a protocol of 4 1-minute occlusion/reperfusion cycles was associated
with a significantly greater EF by 7% and an increased peak systolic strain of the area at risk
at 1-year post-PPCI for STEMI [74]. These findings are not indisputable, since among the
clinical studies that have investigated the postconditioning phenomenon in patients with
STEMI [75-101] evidence can be found of a neutral effect on infarct size, as well as markers
of necrosis, myocardial salvage, ejection fraction, and adverse cardiac events during follow-
up as presented by the POSTEMI trial [94]. The POST-AMI trial even suggested that there
was a possibility of harm, due to a trend for postconditioning patients to develop infarcts of
greater size (although the universal applicability of this study is obscured by the utilisation of
intravenous abciximab in all patients and by the uneven distribution of diabetics between the

intervention and the control arms) [85].

In addition to its temporal variations, ischaemic conditioning has also evolved anatomically

[7,102]. In a landmark experimental study of a canine myocardial ischaemia model, four



episodes of 5S-minute occlusion/reperfusion of the circumflex artery conferred cardiopotection
to the LAD territory from a sustained 1-hour occlusion [103]. Thus, it was inferred that
factors mediating conditioning may be transported to or activate protective mechanisms in
remote vascular beds [103], marking the dawn of RIC. Subsequent investigations sought to
explore the possibility of a circulating humoral factor instigating conditioning. Interestingly,
coronary effluents from preconditioned rabbit hearts were infused in virgin recipient hearts
and their effects were compared with those of control non-preconditioned effluents.
Preconditioned effluent elicited cardioprotection of the virgin hearts against a 40-minute
global ischaemia and 60-minute reperfusion episode as evident by the significantly smaller
infarct size [104]. The discovery of inter-organ RIC marked a pivotal advance of the
ischaemic conditioning concept. More specifically, in an experimental rat model, mesenteric
and renal artery occlusions protected from IRI caused by coronary artery occlusion to a
degree similar to that of local conditioning [105]; these findings were confirmed by similar
studies, where mesenteric or renal artery occlusions elicited RIC [106-108]. Another
interesting study explored the effects of limb ischaemia/reperfusion on a swine model of
myocardial infarction and on human IRI-induced endothelial dysfunction: in the swine
model, four 5-minute lower limb ischaemic stimuli preceded a 40-minute balloon occlusion
of the LID, while in the human participants, three 5-minute upper limb ischaemic cycles were
applied before a contralateral upper limb 20-minute ischaemic inflation [109]. In the former
model, RIC significantly reduced the infarct size, while in the latter RIC preserved the
endothelial response to acetylcholine which was otherwise impaired by IRI [109]. Similarly,
three 5-minute upper limb ischaemic cycles protected the contralateral upper limb from the
IRI-induced impairment of flow-mediated dilation [110]. Importantly, two separate windows
of protection were uncovered, one starting immediately after RIC, and another starting within

24 hours and lasting at least up to 48 hours [110]. In a more clinically-oriented investigation,



three cycles of 5S-minute forearm ischaemia/reperfusion reduced the troponin release caused
by cardioplegic arrest in patients undergoing coronary artery bypass grafting (CABG) [111].
Even in the absence of cardioplegic arrest (off-pump CABG), four 5-minute upper limb
ischaemic stimuli resulted in decreased troponin, MDA, and IL-6 levels [112]. In the context
of STEMI, one of the most important relevant studies demonstrated that four 5-minute upper
limb ischaemic cuff inflation/deflation cycles applied before PPCI conferred improved
myocardial salvage index as assessed by myocardial perfusion imaging 30-days after the
index reperfusion event [113]. Further expanding on this evidence, the application of three 5-
minute lower limb ischaemic cuff inflation/deflation cycles before PPCI reduced infarct size
and improved myocardial salvage index, decreased the need for diuretics, pharmacological
and mechanical haemodynamic support during the index hospitalisation, improved EF
recovery at 12-month follow-up, and reduced cardiac mortality and hospitalisations for HF
over a median follow-up period of 2.1 years [8]. The CONDI trial also highlighted a
decreased risk for major adverse cardiac and cerebrovascular events, as well as reduced all-
cause mortality over a median follow-up period of 3.8 years, in patients undergoing four
cycles of 5-minute arm ischaemic cuff inflation/deflation before PCI [114]. Nonetheless,
these findings are not unequivocal, as the CONDI-2/ERIC-PPCI trial demonstrated no
benefits of utilising this RIC protocol in patients undergoing PPCI for STEMI with regards to

cardiac death or hospitalisation for HF at 12 months [9].



3. The role of endothelial glycocalyx in IRI and ischaemic conditioning

Endothelial glycocalyx consists of glycoproteins and proteoglycans that form a surface layer,
preventing the direct contact between blood cells and vascular endothelium [11]. It is a major
determinant of vascular permeability, leukocyte and platelet adhesion, and endothelial
function [115,116]; experimental studies have demonstrated that glycocalyx damage is
associated with increased lipoprotein influx [118], enhanced leukocyte and platelet adhesion
[118,119], as well as endothelial dysfunction [120,121,122]. IRI exerts deleterious effects on
endothelial glycocalyx by inducing shedding of its components [6,123-125]. This contributes
to coronary microvascular dysfunction which manifests itself with a multifaceted process that
includes myocardial oedema [126], impaired vasomotion [127], platelet-leukocyte
aggregation [128], coronary microembolisation [129], and even capillary destruction and
intramyocardial haemorrhage with an attendant no-reflow phenomenon [130,131]. Coronary
microvascular dysfunction is very frequent with an incidence of up to 70% in the context of
reperfusion after acute myocardial infarction (AMI) [132] and is associated with worse long-
term outcomes, more extensive LV dysfunction, and enhanced adverse remodelling [133-
135]. The systemic nature of IRI is further reflected on the peripheral endothelial dysfunction
that accompanies acute coronary syndromes (ACS) [64,65]. Interestingly, impaired peripheral
vasomotion has been associated with an increased occurrence of future adverse
cardiovascular events [64,65], while restoration of systemic vasodilatory response predicts
event-free survival [64]. Ischaemic conditioning alleviates coronary microvascular
dysfunction [18]: coronary vasomotion is improved [136,137], myocardial oedema [69,71]
and platelet-leukocyte aggregation are reduced [138], as is the risk of no-reflow [139].
Similarly, remote ischaemic conditioning improves peripheral endothelial function in patients
undergoing PCI for AMI [140]. Sideview darkfield imaging (SDF) is a modality that provides

high-contrast visualisation of the microvasculature in easily accessible vascular beds



[141,142]. It utilises green light illumination which allows imaging of the superficial venules
and capillaries based on the principle of green light absorption by haemoglobin [141,142].
Further, the lateral displacement of red blood cells (RBC) within the microvascular lumen
can be depicted and calculated as the perfused boundary region (PBR) [143,17]. Hence, PBR
calculation is a validated [144-148] method of estimating the depth of RBC penetration
which is inversely proportional to glycocalyx thickness. Deeper RBC penetration, i.e.,
increased PBR has been associated with impaired microvascular perfusion [143] and
microvascular angina [17]. Thus, it serves as a marker of systemic glycocalyx-mediated
microvascular dysfunction. Despite the existing evidence of the beneficial effects of ischemic
conditioning on microvascular function, its direct effects on endothelial glycocalyx integrity

have not been explored.



4. The role of arterial stiffness in IRI and ischaemic conditioning

Arterial distensibility is crucial for the determination of the systemic circulation impedance
characteristics [22]. High proximal aortic distensibility results in low proximal aortic
impedance, which is the hydraulic load imposed on the LV during systole [22]. In addition,
adequate distensibility allows the aorta and proximal large arteries to function as an elastic
buffer during systole and store about 50% of the stroke volume, which is forwarded during
diastole due to their elastic recoil, resulting in a nearly continuous systemic blood flow [91].
This Windkessel effect reduces LV afterload, while augmenting coronary blood flow and
facilitating ventricular relaxation [91]. Reversely, increased stiffness and the attendant
reduced distensibility result in increased systolic and decreased diastolic blood pressure for
any given mean arterial pressure level, increased LV afterload, and decreased diastolic
subendocardial perfusion [149,150]. This is further compounded by the acceleration and early
return of the reflected pulse waves during systole [151]. Ultimately, an imbalance ensues
between increased myocardial oxygen demands and impaired coronary perfusion [150].
Carotid-femoral pulse wave velocity (PWV) is considered the gold-standard for the
measurement of arterial stiffness [152]. It is a simple, non-invasive, and reproducible method,
whereby the distance between two points in the aorto-femoral pathway is divided by the time
of propagation of the pulse wave between them [152]. Aortic stiffness as quantified by
carotid-femoral PWYV independently predicts adverse cardiovascular events and mortality
both in healthy individuals as well as in the presence of cardiovascular risk factors [153-163].
Importantly, it is an independent risk factor for major adverse cardiac and cerebrovascular
events, refines risk stratification [23], and is associated with chronic high-sensitivity troponin
elevation following STEMI [164]. Moreover, it is known that increased LV afterload, even
when transient in nature, can enhance adverse remodelling following MI [165]. In agreement

with this notion aortic stiffness was recently demonstrated to independently predict



myocardial healing and infarct size reduction after STEMI [166]. Intriguingly, increased
aortic stiffness is also a risk factor for in-stent restenosis following PCI [167]. Chronic
remote ischaemic conditioning has been demonstrated to decrease arterial stiffness and
central systolic pressure in patients with chronic angina [21]. However, its acute effects in

patients following PPCI have not been elucidated.



5. The role of oxidative stress in IRI and ischaemic conditioning

Enhanced oxidative stress has long been established as a key mechanism underlying IRI and
exaggerating myocardial injury [5,47,48]. It is mediated by oxygen free radicals and other
reactive oxygen species (ROS), which are molecules with unpaired electrons that trigger self-
propagating ‘chain-reactions’ [47]. This contributes to the ‘oxygen paradox’ phenomenon,
whereby the abrupt reoxygenation of the ischemic myocardial tissue results in a cumulative
degree of injury which surpasses that caused by ischemia itself [49]. Under normal
circumstances, ROS are inactivated by endogenous scavenger systems [168]. However,
reperfusion of ischemic tissues leads to generation of increased ROS amounts that overwhelm
the cellular antioxidant capacity [169-170]. Beyond a certain threshold membrane lipid
peroxidation ensues, causing organelle functional impairment and ultrastructural damage
[169,171-174]. Moreover, ROS induce opening of the mitochondrial permeability transition
pores (mPTP) culminating in cytosolic calcium overload and cell necrosis [175-177], while
mPTP opening is also coupled with mitochondrial cytochrome c release and a resultant
triggering of apoptotic cascades [177]. Additional deleterious effects include DNA
fragmentation [178], nitric oxide inactivation [179], enhancement of inflammatory cells
migration [180,181], and activation of prothrombotic pathways [182]. Myocardial reperfusion
enhances oxidative stress in both thrombolysis [183-189] and PCI treatment strategies [189-
195]; mitochondria are the main source of excessive ROS production [196,197]. Conversely,
several biochemical pathways mediating ischemic conditioning converge on mitochondrial
function normalisation [198] and mitigate the oxidative stress response that follows
reperfusion [199-200]. Malondialdehyde (MDA) constitutes a stable breakdown product of
lipid peroxidation and therefore serves as a widely used marker of oxidative stress in
cardiovascular disease [20,201,202]. Against this background, remote ischemic conditioning

has been shown to reduce MDA levels in patients with STEMI undergoing PPCI [20].



6. The role of nitrate-nitrite-NO pathway in IRI and ischaemic conditioning

In stark contrast to the traditional conception of nitrate and nitrite anions as inert by-products
of nitrogen oxide (NO) metabolism, it is now established that they can be endogenously
recycled to NO [27,203-205]. While the traditional L-arginine-NO synthase (NOS) pathway
constitutes the principal pathway of NO generation, it is dependent on the consumption of
molecular oxygen [206,207], imposing an inherent limitation in hypoxic states. Nitrate can be
systemically reduced to nitrite [208], which in turn is further reduced to NO through
numerous pathways involving haemoglobin [27,209], myoglobin [210,211], xanthine
oxidoreductase [212-214], ascorbate [215], polyphenols [216,217], and protons [203,204].
These cascades are accentuated under hypoxic conditions [218], offsetting the attendant
deficiency of the traditional L-arginine-NOS mechanism [219,220]. Thus, the nitrate-nitrite-
NO pathway may be perceived as a valuable reservoir of NO production in the setting of
tissue hypoxia. Experimental data have shown the cytoprotective effects of nitrite in the
context of cardiac IRI [221-223]. One of the key underlying mechanisms is the modulation of
mitochondrial function and the reduction in mitochondrial-derived ROS [224-226]. In
addition, mitochondrial electron transfer is induced with a resultant inhibition of mPTP
opening and cytochrome C release [227] (protecting from calcium overload and the triggering
of necrotic and apoptotic cascades [26,226,227]). An important aspect of nitrite metabolism
is its endocrine nature which allows it to circulate to distant organs and confer remote NO-
bioavailability enhancing effects [125]. Indeed, it has been demonstrated to mediate remote
ischemic conditioning: experimental femoral ischemia resulted in reduction of mitochondrial
respiration, ROS generation, and infarct size reduction in the myocardium [26]. Importantly,
the level of nitrite generated by ischemic conditioning depends on the duration of the

ischemic stimulus and in this respect, conservative protocols appear to be superior to more



prolonged ischemic stimuli [40]. This is in agreement with findings that suggest that short

ischemic stimuli suffice to induce maximal NO vasodilatory responses [228].



7. IL-6 in IRI and ischaemic conditioning

Neutrophils play a key role in the inflammatory processes underlying IRI [5]. In specific,
their destructive potential which stems from their oxidants and proteases might be invaluable
in the context of bacterial invasion, but is misdirected against endothelial cells and
cardiomyocytes during reperfusion [53]. There is substantial evidence of neutrophil
activation during IRI [54] and their migration to reperfused myocardial territories coincides
with cellular damage [55,230,231]. Their deleterious effects include release of ROS [56],
elastase and collagenase [53,54], microvascular embolisation with resultant no-reflow
[55,230,232-234], endothelial injury and dysfunction [235-237], as well as platelet activation
[238,239]. Cardiomyocyte surface expression of intercellular adhesion molecule-1 (ICAM-1)
appears to be a prerequisite for neutrophil-mediated injury [240,241]. To this end,
interleukin-6 (IL-6) production is enhanced during acute coronary syndromes (ACS) [242-
244] and induces ICAM-1 expression in the reperfused myocardium, facilitating the
contribution of neutrophils to IRI [240,241]. Furthermore, IL-6 suppresses myocardial
contractility [245-249] and mediates adverse remodelling after AMI [250]. In addition to its
cardiac effects, vascular endothelium in general is affected by IL-6 [251]: endothelial
activation [252-254], increased endothelial permeability [255,256], and endothelial
dysfunction [257,258] have been recognised among the deleterious effects of IL-6 signalling.
Remote ischemic conditioning (RIC) has been demonstrated to ameliorate the increase of IL-
6 in animal models of IRI [259-261]. Clinical study results have been less consistent in this
respect and despite evidence of RIC reducing IL-6 levels [212], data have also been obtained
that suggest a neutral relationship [262-264]. Therefore, despite abundant experimental
evidence of the prominent role of IL-6 in IRI and the potential of RIC to confer
cardiovascular protection by inhibiting its increase, its clinical significance remains to be

elucidated.



8. MicroRNAs in IRI and ischaemic conditioning

MicroRNAs (MiRs) are small, single stranded, non-coding RNA molecules that regulate
post-transcriptional gene expression in response to cellular or environmental stimuli [31].
Among them, miR-144 appears to play a prominent role in regulating IRI via pleiotropic
effects [32, 265-269]. More specifically, it has been demonstrated to reduce infarct size and
IRI-induced apoptosis [31,265-267], mitigate the activation of inflammatory signals [268],
activate vascular antioxidant mechanisms [269], and decrease DNA fragmentation and the
triggering of apoptotic pathways [266]. Crucially, while IRI downregulates miR-144
expression [32,265,268], its levels are increased by ischaemic conditioning [269] and RIC
[32,267]. Moreover, systemic administration of miR-144 evokes a cardioprotective response
that mimics RIC [32]. Conversely, treatment with anti-miR-144 antibodies inhibits RIC [32]
and, similarly, ischaemic conditioning was abrogated in animal models of miR-144/451
cluster knock-out [269]. It has been experimentally shown that miR-144 is upregulated in
aortic endothelial and/or smooth muscle cells exposed to stress [28], suggesting a possible
vascular source of production during RIC. MiR-150 has also been shown to confer cardio-
protection from ischaemic stress: it decreased monocyte migration [270] and reduced
cardiomyocyte death [33] in experimental AMI models. MiR-21 is one of the first micro-
RNAs discovered and regulates numerous pathways implicated in cardiovascular
pathophysiology [271,272]. It is produced in abundancy by endothelial cells [273] and is
upregulated upon exposure to ROS [274]. Experimental studies have highlighted its
cardioprotective properties that include mitigation of reperfusion-induced apoptosis and
myocardial infarct size reduction [275-277]. Its expression is downregulated in infarcted
territories, an effect that is reversed by ischaemic preconditioning [275]. In agreement with
these notions, ischaemic postconditioning has been similarly found to upregulate miR-21

leading to a reduction of IRI-induced infarct size, inhibition of myocardial apoptosis, and



cardiac function improvement in animal model of reperfusion [278]. Similar results were
obtained from a clinical study of RIC in patients undergoing coronary artery bypass surgery
(CABG), where miR-21 levels were increased and conferred cardio-protection [34]. Mir-208
is an additional micro-RNA affecting cardiac pathophysiology [35]. Existing evidence
thereof are contradictory: on the one hand, miR-21 inhibition leaded to IRI enhancement by
way of increased oxidative stress, increased apoptosis, and adversely affected cardiac
function [279]; on the other hand, it promotes hypertrophy and adverse remodelling [35]. In
this context, despite the rapidly accumulating evidence of the significant role of microRNAs

in IRI, their exact effects remain to be explored.



9. Cardiac remodelling: from myocardial infarction to heart failure

Cardiac remodelling encompasses the molecular, cellular, and interstitial changes that lead to
alterations in the size, the shape, and the function of the heart in response to excessive
loading or injury [280]. The process of ventricular remodelling following AMI has long been
established: following AMI, a non-contractile and expanding infarcted zone of scar tissue is
formed; this expansion leads to an increased volume load, which in turn augments the
pressure load exerted on non-infarcted regions resulting in adverse LV remodelling [281].
Postinfarction remodelling begins within a few hours of the index event [282-284] and has
been found to progress for at least two years after STEMI [285]. Eventually heart failure
ensues, as LV end-systolic volume index (LVESV1) increases and ejection fraction (EF)
decreases, portending a worse prognosis [286,287]. This natural history is affected by the
severity of the underlying disease, secondary events (including recurrent ischaemia),
neuroendocrine activation, genetic predisposition, and the applied treatment [288-291].
However, the size of the infarct caused by the primary event determines the extent of
remodelling: larger infarcts evoke greater dilatation and amplified increases in systolic and
diastolic stress [292]. Hence, the significance of IRI is underscored since it may account for
up to 50% of the final infarct size [5]. Interestingly, peripheral endothelial dysfunction may
also predict the extension of myocardial infarct [15], while increased aortic stiffness was also
found to adversely affect myocardial healing post-STEMI and PWV independently predicted
infarct size reduction [166]. Moreover, oxidative stress and inflammatory cascades
significantly contribute to adverse remodelling after reperfusion [293]. More specifically,
ROS and inflammatory cytokines induce matrix metalloproteinase (MMP) activation and
decrease the levels of tissue inhibitors of MMPs (TIMPs) [294], both of which are key

mediators of LV enlargement [295]. In addition, cardioprotective miRs are conceptually



expected to inhibit LV remodelling; indeed, miR-144 was experimentally found to potently

reduce the extent of post-infarction myocardial remodelling [296].



METHODS

Study design and population

The present study was a prospective, randomized trial conducted at the Second Department of
Cardiology in Attikon University Hospital, which entailed an acute and a chronic phase. Two
hundred seventy patients with STEMI after primary PCI (mean age 53416 years, 84% male)
were recruited and underwent block randomisation (block size 9) to either one (single-cycle,
n=90), or two 5-min cycles of bilateral brachial cuff inflations, separated by 5 minutes
(double-cycle, n=90), or no cuff inflation (control group, n=90) added to standard care.
Randomisation was assigned to a team member who was unmasked to group allocation and
was performed via a website generator (Sealed Envelope, London, UK). Data collection and
outcome assessment was performed only by members blinded to group allocation. We chose
to apply RIC within 48 h after primary PCI (36+12h), in an effort to induce “vascular
conditioning” during the period of maximum endothelial dysfunction [15]. Our first protocol
utilized two ischemic stimuli by bilateral brachial cuff inflation at 200 mmHg for 5 minutes
[38], separated by 5 minutes, after a baseline vascular function assessment (T0). Each
ischemic stimulus was followed by a vascular function assessment (T1, T2), with a final
assessment 25 minutes after the second cuff deflation (T3). The second protocol was identical
to the first, except for the second ischemic stimulus omission; thus, the total ischemic
stimulus was either 10 (double-inflation) or 5 minutes (single inflation). Both protocols were
preceded by a sham procedure, by way of cuff placement around the ordinary brachial
position without inflation. Blood samples were drawn at baseline (T0) and at protocol
termination (T3). All patients were in sinus rhythm, while exclusion criteria included age>85
years, cardiogenic shock or Killip class>2 during the index event, administration of nitrates,
history of previous known coronary artery or other cardiovascular disease, previous PCI or

coronary artery bypass surgery (CABG), as well chronic inflammatory, systemic, or



malignant disease. All patients were scheduled for 2-dimensional echocardiography
examination at 12 months after the index hospitalisation to assess the extent of LV
remodelling. The study was approved by the University General Hospital “Attikon”
Institutional Review Board, conforms to the principles outlined in the Declaration of
Helsinki, and is registered at the US National Institutes of Health (ClinicalTrials.gov:

#NCT03984123). In addition, all participants gave their written informed consent.

Endothelial glycocalyx assessment

The perfusion boundary region (PBR) is the cell-poor layer that results from the phase
separation of flowing red blood cells (RBC) and plasma on the microvessel luminal surface.
It includes the glycocalyx component that allows cell penetration. An increased PBR is
consistent with deeper penetration of erythrocytes into the glycocalyx, reflecting impairment
of glycocalyx barrier properties and reduced glycocalyx thickness [11]; hence, it represents a
standardized, reproducible, operator-independent method for assessment of arterial
endothelium glycocalyx properties [11]. We measured the PBR of the sublingual arterial
microvasculature (diameter span from 5 to 25 pm) using Sidestream Darkfield imaging
(Microscan, Glycocheck, Microvascular Health Solutions Inc., Salt Lake City, UT, USA;

figure 2).

Arterial stiffness assessment

Arterial stiffness was assessed by carotid-femoral pulse wave velocity (PWV)[297] using
arterial tonometry (Complior, Alam Medical, Vincennes, France; normal values <10 m/s
[297]). PWV was calculated as the distance between the carotid and femoral arterial pulse
palpation site, divided by the respective transit time (m/s). All measurements were performed

by the same blinded examiner (intra-observer variability=5%).

Oxidative stress and inflammatory biomarkers



Malondialdehyde (MDA) was determined spectrophotometrically with a commercial kit
(Oxford Biomedical Research, Rochester Hills, Mich, colorimetric assay for lipid
peroxidation; measurement range 1-20 nmol/L; 3.39% and 4.75% intra-assay and inter-assay
variability respectively) [298]. IL-6 was measured by a high-sensitivity immunoassay [human
IL-6 Quantikinine (high sensitivity)] that detects values as low as 0.094 (intra-assay

variability <5%) [244].

Plasma microRNA levels

Serum miRNAs were obtained from samples using the NucleoSpin miRNA Plasma Kit
(MACHEREY-NAGEL GmbH & Co. KG, Duren, Germany) according to instructions of the

manufacturer.

Nitrate-nitrite-nitric oxide pathway

The concentration of nitrate/nitrite in blood plasma was determined using Griess reaction

with a commercially available kit (Cayman's Nitrate/Nitrite Colorimetric Assay Kit 780001) .

LV remodelling

LV remodelling was assessed by way of two-dimensional echocardiography, using a Vivid 7
or E95 (GE Medical Systems, Horten, Norway) phased array ultrasound system. All studies
were digitally stored and analysed by two blinded observers, using a computerised station
(Echopac 202 GE, Horten, Norway). LV end-diastolic (LVEDV) and end-systolic volumes
(LVESV) were calculated from four-and two-chamber views using the modified Simpson
biplane method within 48 hours post PCI before RIC and after 1 year. A cut-off of >15%
decrease in LVESV was implemented as a criterium of reverse LV remodelling, as this
constitutes a validated reverse remodelling marker in the context of ischemic cardiomyopathy

[299, 300].



Statistical analysis

Power analysis

In a pilot study of 30 STEMI patients who underwent single-cycle, double-cycle, or no cuff
inflation RIC protocol (1:1:1), the response within each subject group for APWYV (T0-T3)
was normally distributed with a standard deviation of 1 and the calculated effect size was
0.13 with a correlation among repeated measures of 0.2. Thus, we would need 80 patients in
each group to reject the null hypothesis that the population means of the single-cycle, double-
cycle, and no cuff inflation groups are equal with a probability (power) of 0.8. The Type I
error probability associated with the test of this null hypothesis is 0.05 (ANOVA, repeated
measures, between factors, G¥Power version 3.1.9.6, University of Kiel, Germany).
Assuming a 10% loss of patients during follow up and 5% poor echocardiography images, we

decided to include 90 patients in each group.

STATA v.11 and SPSS v.22 were used to analyse the data. The Shapiro-Wilk test was used
to examine whether the data were normally distributed, whereas the Levene test was used to
examine the homoscedasticity of the data. All non-parametric variables were compared using
the Wilcoxon test for comparisons between baseline and post-intervention values and were
transformed into ranks for multivariate analysis. In all analyses, we used two tailed tests with
p<0.05. We used parametric (Pearson r) and non-parametric (Spearman rho) correlation
coefficients to examine cross-sectional associations. Analysis of variance (ANOVA) for
clinical and biological data was performed to test the differences among groups and all non-
parametric variables were transformed into ranks before entering the analysis using a
previously published methodology [298]. Two-way ANOVA (general linear model, SPSS 22,
SPSS Inc, Chicago, I1l) for repeated measurements was applied on the examined vascular

function and biochemical markers (at TO, T1, T2, and T3 for the vascular markers and TO



and T3 for biomarkers ) with the parameter of time used as a within-subject factor and the
applied protocol, age, sex, BMI, dyslipidaemia, diabetes, hypertension, concomitant medical
treatments, MI location, and number of diseased coronary vessels (>70% stenosis) used as
between-subject factors; ANCOVA (analysis of covariance) was applied to investigate the
effect of the baseline values of the investigated marker and myocardial enzyme elevation.
The Greenhouse-Geisser correction was used when the sphericity assumption, as assessed by
Mauchly's test, was not met. Post hoc comparisons were performed with Bonferroni
correction. A p-value of <0.05 was considered as statistically significant. Inter- and intra-
observer variabilities (%) of vascular and biochemical markers were calculated as the SD of
the differences between the first and second measurements, and expressed as a percentage of
the average value in 30 healthy volunteers. Logistic regression analysis using the presence of
LV remodelling at 1-year follow-up as the dependent variable and the application or not of
RIC as the independent variable was performed. Similar to the acute phase measurements,
ANOVA and ANCOVA were used to examine the effects of age, sex, BMI, dyslipidaemia,
diabetes, hypertension, concomitant medical treatments, MI location, myocardial enzymes,

number of diseased coronary vessels (>70% stenosis), and baseline values.

RESULTS

Study population characteristics

Out of the 270 patients, 126 (47%) suffered from an anterior STEMI, 119 (44%) had single-
vessel, 123 (45%) two-vessel, and 28 (11%) three-vessel CAD. Median high-sensitivity (hs)-
troponin T was 3886 [807-9779] ng/mL. Patients undergoing RIC had similar clinical
characteristics to the control patients (p>0.05, Tablel). All except three single-cycle, two
double-cycle inflation, and 3 control patients had achieved TIMI 3 flow by PCI at

angiographic reperfusion assessment. All were free from angina, arrhythmias, and any



significant ECG change during PCI. There were no differences in the angiographic or
biochemical characteristic of STEMI, time from onset of symptoms to hospital admission,
and time from admission to reperfusion (total ischemic time) between the groups assigned to

single-, double-cycle inflation, or no RIC (Table 1).

Medical treatment included antiplatelet therapy (aspirin and clopidogrel) and anticoagulation
(enoxaparin). Additional bolus infusions of unfractionated heparin (UFH) were given during
PCI. B-blockers, ACE inhibitors, and statins were given to all patients. No difference was

noted between the drug therapy given to the study groups (Table 1).

Glycocalyx barrier properties

Compared to baseline, all patients had decreased PBR at T2 and T3 (p<0.05, Figure 3, Table
2). By ANOVA there was a statistically significant interaction between the changes of PBR
and the RIC protocol (p=0.03), suggesting that the magnitude of PBR changes along time
was different between the 2 protocols and controls. The single-cycle inflation group achieved
a greater improvement of PBR than the double-cycle inflation group at termination of the
protocol (T3) (AT1=-0.259+0.031 vs -0.3+0.029 um, p=0.7; AT2=-0.245+0.025 vs -
0.149+0.02 pm, p=0.04; AT3=-0.249+0.033 vs -0.126+0.034 um, p=0.03, for the single
versus the double-cycle inflation protocol, respectively). A greater improvement of
glycocalyx properties was observed after the first inflation cycle at T1 in patients with
baseline PBR> 2.1 um (n=50; mean difference in PBR improvement=0.5+0.03 um at T1,
p<0.001). No changes in PBR were induced by sham inflation (p=0.7, data not shown). No

changes in PBR were observed in the control group of no inflation (p=0.9, Table 2).

Biochemical markers

There was no statistically significant difference in the baseline MDA, NOXx, or IL-6 levels

among the studied groups (p>0.05). Compared to baseline, MDA was significantly reduced at



T3 (p<0.001) in both protocols (AMDA=-0.494+0.29 vs -0.48+0.21 nmol/L, p=0.9, for the
single- versus the double-inflation protocol, respectively) (Figure 4). Additionally, the single-
inflation protocol promoted an increase in NOx levels, in contrast to the double-inflation
protocol, which resulted in reduced NOx levels at protocol termination (T3) (ANOx=
2.85+0.81 umol/l vs -1.88+0.62 umol/l, p= 0.01, for the single- versus the double-inflation
protocol, respectively). IL-6 levels were not affected by any intervention (p>0.05). No
changes in the examined biomarkers were observed following sham (p>0.05, data not shown)

or no inflation (p>0.05, Table 3).

MiRs

Compared to baseline, all patients had increased Micro-RNA plasma concentration post-RIC
(p<0.05, Table 3). There was a significantly greater increase in miR-144 concentration
following the single- compared to the double-inflation protocol (Amirl144=48.5£15.3 vs
32.3+12.1 /U6sn, p=0.02, for the single- versus the double-cycle protocol, respectively). The
increase in miR-144 levels correlated with PWV reduction measured 5 minutes following the
first cuff deflation in both protocols (T1; r=0.763, p<0.001). Both RIC protocols induced a
similar increase in miR -150, -21, and -208 levels compared to baseline (p<0.05, Table 3)
(Amir-150=1.6+0.4 vs 1.5+0.5 /U6sn, p=0.9; Amir-21=0.9+£0.3 vs 0.9+0.4 /U6sn, p=0.99; and
Amir-208=0.5%0.2 vs 0.37+0.19 /U6sn, p=0.6, for the single- versus the double-cycle
protocol, respectively) (Table 3, Figure 5). No changes in miRs were observed in the control

group (p=0.9, Table 3).

Arterial stiffness

PWYV was significantly affected by our intervention (p<0.05; table 2, figure 4). By ANOVA,
there was a statistically significant interaction between PWV changes and the RIC protocol

exploited (p=0.03). Compared to baseline, AT1=-0.554+0.19 vs -0.49+0.17 m/s, p=0.7; AT2=-



0.7£0.2 vs -0.69+£0.21 m/s, p=0.9; AT3: -0.4+0.21 vs +1.02+0.24 m/s, p=0.03, for the single-
versus the double-inflation protocol, respectively (Figure 6). Thus, there was a decrease of
PWYV at T1 and T2 in both protocols (P<0.05), but at protocol termination (T3, 25 min after
the second inflation) there was as a net PWV decrease in the single- compared to an increase
in the double-inflation group. Regardless of the protocol used, patients with baseline PWV
>11 m/s benefited from a larger aortic elasticity improvement than patients with lower
baseline PWV after the first inflation cycle (T1: mean difference in PWV improvement=
3.5+0.6 m/s, p< 0.002). No changes were observed following sham (p=0.7, data not shown)

or no inflation (p=0.8, Table 3).

LV remodelling

We assessed every patient at 1-year follow-up be echocardiography and compared the LV
volumes changes in the single- and double-cycle group with the respective changes in the
control group. Out of 180 patients who underwent RIC, 85 of the single-cycle group and 87
of the double-cycle group were found for follow—up echocardiography and were compared
with 85 patients without RIC. Single-cycle was associated with a significantly greater
decrease in LVEDV and LVESV within 12 months of the index event compared with double-
and no inflation (ALVEDV= -2343 vs -7+2 vs -6£2 ml, p<0.001; ALVESV: -10£2 vs -3%1 vs
-2+1, p<0.001, respectively; table 4, figure 7). By binary logistic regression, single-inflation
RIC was related to reverse LV remodelling (LVESV change>15%) with an odds ratio of 3.75
(95% CI: 1.120-8.675, p=0.03), after adjusting for patient age, sex, BMI, dyslipidaemia,
diabetes, hypertension, concomitant medical treatments, MI location, myocardial enzymes,
number of diseased coronary vessels (>70% stenosis), and baseline values of the LVEDV and
LVESV. Interestingly, within this group, the increase in miR-144 post-RIC was significantly
correlated with the respective decrease in LVESV (r=-0.40, p=0.001). Additionally,

compared to baseline, the reduction of PWYV at protocol termination (PWV TO-PWV T3) in



the single-inflation group was related with the respective LVESV reduction at follow-up
(r=0.37, p=0.002), after adjustment for age, sex, BMI, dyslipidaemia, diabetes, hypertension,
concomitant medical treatments, MI location, myocardial enzymes, number of diseased

coronary vessels (>70% stenosis), and baseline PWV.

DISCUSSION

In this study, we have shown that RIC with a single 5 min cycle of bilateral brachial cuff
inflation conferred improvement of endothelial glycocalyx properties and reduction of aortic
stiffness, at 5 and 35 minutes post-inflation in STEMI patients. This improvement in vascular
function was in parallel with upregulation of protective miRs, namely miR-144, -150, and -
21, oxidative stress burden reduction, and increase in NOx levels. More specifically,
increased miR-144 concentration was closely associated with PWV improvement after RIC.
These changes were not evident in the control group without cuff inflation. Single-cycle
protocol was demonstrated to be superior regarding improvement of endothelial glycocalyx
properties, miR-144 levels, aortic stiffness reduction, and increased NO bioavailability.
Furthermore, the RIC-induced increase of miR-144 levels and improvement of PWV in the
early phase of AMI were interrelated and both associated with a greater decrease of LVESV
at 1 year of follow-up. Moreover, RIC by a single cuff inflation cycle was associated with a
3-fold higher probability of reverse LV remodelling within 12 months of the index event

compared to the double-cycle or no RIC.

IRI induces coronary microcirculation injury with endothelial glycocalyx shedding,
resulting in myocardial oedema, resistant vasoconstriction, platelet-leukocyte aggregation,
coronary microembolization, and capillary destruction [7,13,18]; peripheral endothelial
function is similarly affected [7]. RIC has been demonstrated to ameliorate coronary

endothelial dysfunction, reducing myocardial oedema and infarct size [13,18,19], as well as



peripheral endothelial dysfunction, preserving flow-mediated dilation [7]. Interestingly,
coronary microvascular dysfunction is reflected on the peripheral endothelial glycocalyx
impairment as assessed by sublingual microscopy [17]. Further expanding this notion, our
study is the first in our knowledge to provide direct evidence of improved endothelial
glycocalyx properties in patients undergoing RIC after primary PCI. This could be at least
partially mediated by the attendant oxidative stress alleviation, which has been shown to
cause a rapid glycocalyx cadherin externalisation and gap junction restoration [14],

normalising glycocalyx permeability.

Nitrate-nitrite-NO pathway has been demonstrated to mediate myocardial protection
from IRI by modulating mitochondrial membrane electron transfer and inhibiting apoptosis
[26]; RIC increases circulating nitrite levels in both human and animal models of IRI [26].
Interestingly, one 5-minute inflation-deflation cycle has been found to induce superior levels
of plasma nitrite and associated cyto-protection compared with multiple cycles, with
progressively diminished effects after every successive ischemic stimulus [40]. In agreement
with the above-mentioned findings, our single-cycle intervention conferred increased nitrate
and nitrite levels; on the contrary, the double-cycle protocol caused a net decrease in the
measured concentrations, suggesting a possible consumption of the NOx pool by the

ischemic insult of the second inflation-deflation (T2) cycle.

Enhanced oxidative stress with attendant membrane phospholipid peroxidation plays
a major role in IRT and MDA constitutes a breakdown product of lipid peroxide B-cleavage
[4]. Indeed, increased MDA levels have been reported following thrombolysis and PCI for
STEMI [20]. In this respect, RIC has been demonstrated to ameliorate oxidative stress and
reduce MDA concentration following PCI [20]. In agreement with this, our intervention
resulted in MDA levels reduction, irrespective of the protocol applied. Moreover, IRI evokes

a systemic inflammatory response with significantly increased IL-6 levels. Interestingly,



myocytes produce increased IL-6 levels in response to hypoxia, resulting in enhanced
neutrophil adherence to the cardiovascular endothelium with deleterious effects [301].
Similarly, activation of the nuclear factor kappa-light-chain-enhancer of activated B cells
(NFxB)-/IL-6 pathway appears to mediate vascular inflammation in various disease processes
[29]. On the one hand, RIC has been reported to activate heme oxygenase -1 (HO-1), thereby
inhibiting NFxB and decreasing IL-6 levels in animal models of systemic inflammation and
ischemia [30]. Remote ischemic conditioning (RIC) has been demonstrated to ameliorate the
increase of IL-6 in animal models of IRI [259-261]. Clinical study results have been less
consistent in this respect and despite evidence of RIC reducing IL-6 levels [212], data have
also been obtained that suggest a neutral relationship [262-264]. It could therefore be
hypothesised that IL-6 could be a circulating factor of RIC instead of a solely deleterious
mediator, but evidence has been inconclusive. In our study, IL-6 levels were not affected by

any of the applied protocols; this remains an interesting area for future investigation.

MiR-144 is a key effector of RIC [32], whose non-coding nature, small size, and
direct effects on ribosomal function [31] allow it to rapidly modulate multiple cascades that
abrogate IRI. It serves as a pivotal mediator of cellular adaptation to hypoxia [302] and
experimental studies have demonstrated that its expression is upregulated in aortic
endothelial and/or smooth muscle cells in response to stress [28]. Our finding suggests a
possible vascular source of miR-144 production during RIC. One of its main mechanisms of
action is the rapid -within 60 minutes [32] - activation of the reperfusion injury salvage
kinase (RISK) pathway which constitutes a common pro-survival signalling pathway of
remote pre- and post-conditioning [303]. Moreover, miR-144 evokes a crucial vascular
antioxidative mechanism, in the form of Rac-1 downregulation [269]. To this end,
modulation of ROS endothelial signalling appears to be one of its main mechanisms of action

[304]. Indeed, we demonstrated that RIC results in increased miR-144 concentration, in



parallel with oxidative stress reduction as assessed by MDA reduction, and in correlation

with arterial elasticity improvement as assessed by PWV reduction.

Increased NO bioavailability [22] and oxidative stress alleviation [10] are promoted by miR-
144 expression and have been found to reduce arterial stiffness. Indeed, in our study
increased miR-144 levels were correlated with PWYV reduction. This finding suggests that
our single-cycle intervention through increased miR-144 expression, increased NOx levels,
reduced oxidative stress and improved glycocalyx properties likely resulted in PWV
reduction [32,269,303]; on the contrary, double-cycle inflation caused a net decrease in the
measured NOx concentrations, suggesting a possible consumption of the NOx pool by the
ischemic insult caused by the second inflation-deflation cycle, possibly contributing to the
increased PWYV values at protocol termination. RIC has been previously demonstrated to
improve arterial elasticity in patients with CAD [21], but our study is the first to describe

PWYV improvement within 48 hours of primary PCI.

Increased arterial stiffness increases LV afterload while reducing diastolic coronary perfusion
with resultant subendocardial ischemia [22,149,150] and ventricular-arterial decoupling
[150]. These effects within 48 hours of AMI contribute to adverse LV remodelling and
prognosis [305,306]. Moreover, it has been experimentally demonstrated that even transient
increases in LV afterload may detrimentally affect remodelling [165]. In support of these
findings, our single inflation protocol was associated with a greater reduction of LVESV and
increased prevalence of reverse remodelling (LVESV decrease >15%) at 12 months post-
AMI compared to double or no inflation likely through reduction of PWV at a critical for
myocardial salvage time. Importantly, the reduction of PWYV at protocol termination as well
as the miR-144 concentration were associated with the LVESV decrease at follow-up.
Previous studies regarding the effects of ischemic conditioning on LV remodelling have

produced mixed results. On the one hand, repeated RIC has failed to improve LV remodelling



in the context of chronic ischaemic heart failure, with the exception of longitudinal
deformation improvement in a subgroup of patient with higher NT-proBNP plasma levels
[307]. On the other hand, repeated RIC inhibited adverse LV remodelling and prolonged
survival in an animal model of IRI [308]. Similarly, per-conditioning by staccato reperfusion
has been associated with reduced LV volumes within 12 months of PCI[305], while post-
conditioning has been found to confer improved LV remodelling, as assessed by LVESV,

within 1 year of AMI[73].

The discrepancy between our single- and double-cycle protocol effects highlights the
association between the number of ischemic cycles, the total ischemic time, and the
underlying ischemic damage with RIC effectiveness [37]. In more detail, the second cycle
may have crossed the ischemic burden threshold above which the beneficial effects of RIC on
arterial stiffness are lost. This is concordant with previous findings of superior nitrite levels
and cyto-protection with a single, compared to multiple inflation-deflation cycles [40]. Given
the prominent role of NO in muscular arteries stiffness modulation [309], it can be postulated
that the second ischemic stimulus consumed a component of the NOx pool, thereby reducing
NO bioavailability with an attendant increase in aortic stiffness and failure to promote reverse
LV remodelling. Similarly, the single-cycle protocol conferred superior restoration of the
endothelial glycocalyx integrity. This could reflect coronary microvascular impairment
amelioration to a greater extent compared to the double cycle RIC [17] and is in agreement
with existing evidence of coronary microvascular injury adversely affecting LV remodelling
[13]. The above mechanisms may explain the similar changes in LV volumes between the
double- and no inflation group. These observations are also in accordance with the notion that
one 5 min ischemic cycle may induce a favourable ischemic conditioning response [12],

compared with multiple ischemic cycles [9,310-313].



There are some limitations to the interpretation of the results of our study, which are pertinent
to the effects of PWV improvement on LV remodelling. On the one hand, it is known that
increased LV afterload can adversely affect LV remodelling after AMI, even when it is
transient in nature [165] and thus an early reduction of afterload may prohibit adverse LV
remodelling. On the other hand, staccato reperfusion [305] and ischemic postconditioning
[73] have also been demonstrated to have direct beneficial effects on the myocardium,
leading to reverse LV remodelling. Our design does not permit to investigate the causality
between LV remodelling and changes of vascular function caused after RIC versus the direct
effects of RIC on the myocardium given the fact that aortic stiffness alleviation was an
inherent result of our conditioning protocols. In addition, NOx levels represent the
cumulative measurement of nitrates and nitrites, the levels of which (especially of nitrates)
may be affected by food intake. The relatively high percentage of male subjects in our study

should be also acknowledged as a limitation as female subjects may be underrepresented.

CONCLUSIONS

In conclusion, our findings suggest that RIC within 48 hours of STEMI acutely
modulates the cardiovascular biochemical environment, evoking “vascular conditioning”.
More specifically, miR-144 is upregulated, nitrate-nitrite-NO pathway is activated, and
oxidative stress burden is reduced. Consequently, endothelial glycocalyx properties are
improved, resulting in arterial stiffness alleviation. Ultimately, reverse LV remodelling is
encouraged. The above protective effects of “vascular conditioning” occur at a time window
after the first critical 90 min needed to diagnose STEMI and rush the patient to primary PCI,
facilitating the application of RIC in clinical practice at a more convenient time for both the
patient and the medical team, to encourage positive LV remodelling. Another future

implication of our study would be to investigate the potential of interventions to restore NO



bioavailability early post STEMI, aiming to reduce aortic stiffness and inhibit adverse LV

remodelling.



REFERENCES

1.

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio
ALP, Crea F, Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ,
Prescott E, Roffi M, Valgimigli M, Varenhorst C, Vranckx P, Widimsky P; ESC
Scientific Document Group. 2017 ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation: The Task
Force for the management of acute myocardial infarction in patients presenting with
ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J.
2018 Jan 7;39(2):119-177. doi: 10.1093/eurheartj/ehx393. PMID: 28886621.

O'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA,
Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM,
Linderbaum JA, Morrow DA, Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-
Holland JE, Tommaso CL, Tracy CM, Woo YJ, Zhao DX, Anderson JL, Jacobs AK,
Halperin JL, Albert NM, Brindis RG, Creager MA, DeMets D, Guyton RA, Hochman
JS, Kovacs RJ, Kushner FG, Ohman EM, Stevenson WG, Yancy CW; American
College of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. 2013 ACCF/AHA guideline for the management of ST-elevation
myocardial infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
Circulation. 2013 Jan 29;127(4):e362-425. doi: 10.1161/CIR.0b013e3182742cf6.
Epub 2012 Dec 17. Erratum in: Circulation. 2013 Dec 24;128(25):e481. PMID:
23247304.

De Luca G, Suryapranata H, Ottervanger JP, Antman EM. Time delay to treatment
and mortality in primary angioplasty for acute myocardial infarction: every minute of

delay counts. Circulation 2004;109:1223-1225.



4. Brodie BR, Webb J, Cox DA, Qureshi M, Kalynych A, Turco M, Schultheiss HP,
Dulas D, Rutherford B, Antoniucci D, Stuckey T, Krucoff M, Gibbons R, Lansky A,
Na Y, Mehran R, Stone GW; EMERALD Investigators. Impact of time to treatment
on myocardial reperfusion and infarct size with primary percutaneous coronary
intervention for acute myocardial infarction (from the EMERALD Trial). Am J
Cardiol 2007;99:1680—1686.

5. Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N Engl J Med. 2007 Sep
13;357(11):1121-35. doi: 10.1056/NEJMra071667. PMID: 17855673.

6. Heusch G. Myocardial ischaemia-reperfusion injury and cardioprotection in
perspective. Nat Rev Cardiol. 2020 Dec;17(12):773-789. doi: 10.1038/s41569-020-
0403-y. Epub 2020 Jul 3. PMID: 32620851.

7. Heusch G, Betker HE, Przyklenk K, Redington A, Yellon D. Remote ischemic
conditioning. J] Am Coll Cardiol. 2015 Jan 20;65(2):177-95. doi:
10.1016/j.jacc.2014.10.031. PMID: 25593060; PMCID: PMC4297315.

8. Gaspar A, Lourengo AP, Pereira MA, Azevedo P, Roncon-Albuquerque R Jr,
Marques J, Leite-Moreira AF. Randomized controlled trial of remote ischaemic
conditioning in ST-elevation myocardial infarction as adjuvant to primary angioplasty
(RIC-STEMI). Basic Res Cardiol. 2018 Mar 7;113(3):14. doi: 10.1007/s00395-018-
0672-3. PMID: 29516192.

9. Hausenloy DJ, Kharbanda RK, Mgller UK, Ramlall M, Aarge J, Butler R, Bulluck H,
Clayton T, Dana A, Dodd M, Engstrom T, Evans R, Lassen JF, Christensen EF,
Garcia-Ruiz JM, Gorog DA, Hjort J, Houghton RF, Ibanez B, Knight R, Lippert FK,
Lenborg JT, Maeng M, Milasinovic D, More R, Nicholas JM, Jensen LO, Perkins A,
Radovanovic N, Rakhit RD, Ravkilde J, Ryding AD, Schmidt MR, Riddervold IS,

Sarensen HT, Stankovic G, Varma M, Webb I, Terkelsen CJ, Greenwood JP, Yellon



10.

11.

12.

13.

DM, Batker HE; CONDI-2/ERIC-PPCI Investigators. Effect of remote ischaemic
conditioning on clinical outcomes in patients with acute myocardial infarction
(CONDI-2/ERIC-PPCI): a single-blind randomised controlled trial. Lancet. 2019 Oct
19;394(10207):1415-1424. doi: 10.1016/S0140-6736(19)32039-2. Epub 2019 Sep 6.
PMID: 31500849; PMCID: PMC6891239.

Jones H, Hopkins N, Bailey TG, Green DJ, Cable NT, Thijssen DH. Seven-day
remote ischemic preconditioning improves local and systemic endothelial function
and microcirculation in healthy humans. Am J Hypertens. 2014 Jul;27(7):918-25. doi:
10.1093/ajh/hpu004. Epub 2014 Mar 13. PMID: 24627443.

Nieuwdorp M, Meuwese MC, Mooij HL, Ince C, Broekhuizen LN, Kastelein JJ,
Stroes ES, Vink H. Measuring endothelial glycocalyx dimensions in humans: a
potential novel tool to monitor vascular vulnerability. J Appl Physiol (1985). 2008
Mar;104(3):845-52. doi: 10.1152/japplphysiol.00440.2007. Epub 2007 Dec 27.
PMID: 18162484.

Lekakis J, Abraham P, Balbarini A, Blann A, Boulanger CM, Cockcroft J, Cosentino
F, Deanfield J, Gallino A, Ikonomidis I, Kremastinos D, Landmesser U, Protogerou
A, Stefanadis C, Tousoulis D, Vassalli G, Vink H, Werner N, Wilkinson I,
Vlachopoulos C. Methods for evaluating endothelial function: a position statement
from the European Society of Cardiology Working Group on Peripheral Circulation.
Eur J Cardiovasc Prev Rehabil. 2011 Dec;18(6):775-89. doi:
10.1177/1741826711398179. PMID: 21450600.

Heusch G. Coronary microvascular obstruction: the new frontier in cardioprotection.
Basic Res Cardiol. 2019 Oct 15;114(6):45. doi: 10.1007/s00395-019-0756-8. PMID:

31617010.



14.

15.

16.

17.

18.

19.

Singh A, Ramnath RD, Foster RR, Wylie EC, Fridén V, Dasgupta I, Haraldsson B,
Welsh GI, Mathieson PW, Satchell SC. Reactive oxygen species modulate the barrier
function of the human glomerular endothelial glycocalyx. PLoS One.
2013;8(2):€55852. doi: 10.1371/journal.pone.0055852. Epub 2013 Feb 14. PMID:
23457483; PMCID: PMC3573029.

Bravo Baptista S, Faustino M, Brizida L, Loureiro J, Augusto J, Abecasis J, Monteiro
C, Leal P, Nédio M, Farto E Abreu P, Gil V, Morais C. Early peripheral endothelial
dysfunction predicts myocardial infarct extension and microvascular obstruction in
patients with ST-elevation myocardial infarction. Rev Port Cardiol. 2017
Oct;36(10):731-742. English, Portuguese. doi: 10.1016/j.repc.2017.01.006. Epub
2017 Oct 21. PMID: 29033166

Gavazzoni M, Gorga E, Derosa G, Maffioli P, Metra M, Raddino R. High-dose
atorvastatin versus moderate dose on early vascular protection after ST-elevation
myocardial infarction. Drug Des Devel Ther. 2017 Dec 4;11:3425-3434. doi:
10.2147/DDDT.S135173. PMID: 29270001; PMCID: PMC5720039.

Jaarsma C, Vink H, van Haare J, Bekkers SCAM, van Rooijen BD, Backes WH,
Wildberger JE, Crijns HJ, van Teeffelen J, Schalla S. Non-invasive assessment of
microvascular dysfunction in patients with microvascular angina. Int J Cardiol. 2017
Dec 1;248:433-439. doi: 10.1016/j.ijcard.2017.05.010. Epub 2017 Jul 18. PMID:
28733074.

Heusch G. The Coronary Circulation as a Target of Cardioprotection. Circ Res. 2016
May 13;118(10):1643-58. doi: 10.1161/CIRCRESAHA.116.308640. PMID:
27174955.

Niccoli G, Montone RA, Ibanez B, Thiele H, Crea F, Heusch G, Bulluck H,

Hausenloy DJ, Berry C, Stiermaier T, Camici PG, Eitel I. Optimized Treatment of



20.

21.

22.

23.

24.

25.

ST-Elevation Myocardial Infarction. Circ Res. 2019 Jul 5;125(2):245-258. doi:
10.1161/CIRCRESAHA.119.315344. Epub 2019 Jul 3. PMID: 31268854.
Lotfollahi H, Mohammadi M, Ghaffari S, Badalzadeh R, Sohrabi B, Aslanabadi N,
Separham A, Golmohammadi A, Abbasnejad A, Roshani M. Effect of remote
ischemic post-conditioning on oxidative stress in blood of STEMI patients treated
with primary angioplasty. J Cardiovasc Thorac Res. 2016;8(3):113-118. doi:
10.15171/jcvtr.2016.24. Epub 2016 Sep 30. PMID: 27777696; PMCID:
PMC5075359.

Zagidullin N, Scherbakova E, Safina Y, Zulkarneev R, Zagidullin S. The Impact of
Remote Ischemic Preconditioning on Arterial Stiffness and Heart Rate Variability in
Patients with Angina Pectoris. J Clin Med. 2016 Jun 23;5(7):60. doi:
10.3390/jcm5070060. PMID: 27348009; PMCID: PMC4961991.

Vlachopoulos C, O'Rourke M, Wilmer WM (2011) McDonald’s blood flow in
arteries, theoretical, experimental and clinical principles. 6th ed. CRC press, New
York

Feistritzer HJ, Klug G, Reinstadler SJ, Reindl M, Niess L, Nalbach T, Kremser C,
Mayr A, Metzler B. Prognostic Value of Aortic Stiffness in Patients After ST-
Elevation Myocardial Infarction. J] Am Heart Assoc. 2017 Sep 8;6(9):¢005590. doi:
10.1161/JAHA.117.005590. PMID: 28887316; PMCID: PMC5634252.

Ceconi C, Cargnoni A, Pasini E, Condorelli E, Curello S, Ferrari R. Evaluation of
phospholipid peroxidation as malondialdehyde during myocardial ischemia and
reperfusion injury. Am J Physiol. 1991 Apr;260(4 Pt 2):H1057-61. doi:
10.1152/ajpheart.1991.260.4.H1057. PMID: 2012211.

Ikonomidis I, Lekakis JP, Nikolaou M, Paraskevaidis I, Andreadou I, Kaplanoglou T,

Katsimbri P, Skarantavos G, Soucacos PN, Kremastinos DT. Inhibition of interleukin-



26.

27.

28.

29.

30.

1 by anakinra improves vascular and left ventricular function in patients with
rheumatoid arthritis. Circulation. 2008 May 20;117(20):2662-9. doi:
10.1161/CIRCULATIONAHA.107.731877. Epub 2008 May 12. PMID: 18474811.
Rassaf T, Totzeck M, Hendgen-Cotta UB, Shiva S, Heusch G, Kelm M. Circulating
nitrite contributes to cardioprotection by remote ischemic preconditioning. Circ Res.
2014 May 9;114(10):1601-10. doi: 10.1161/CIRCRESAHA.114.303822. Epub 2014
Mar 18. PMID: 24643960.

Cosby K, Partovi KS, Crawford JH, Patel RP, Reiter CD, Martyr S, Yang BK,
Waclawiw MA, Zalos G, Xu X, Huang KT, Shields H, Kim-Shapiro DB, Schechter
AN, Cannon RO 3rd, Gladwin MT. Nitrite reduction to nitric oxide by
deoxyhemoglobin vasodilates the human circulation. Nat Med. 2003 Dec;9(12):1498-
505. doi: 10.1038/nm954. Epub 2003 Nov 2. PMID: 14595407.

Schmidt B, Roessler C, Schumann J. Septic-Induced microRNA Expression
Modulations Are Linked to Angiogenesis, Vasomotion, and Hypoxia-Induced
Processes. Adv Exp Med Biol. 2018;1072:227-231. doi: 10.1007/978-3-319-91287-
5 36. PMID: 30178350.

Brasier AR. The nuclear factor-kappaB-interleukin-6 signalling pathway mediating
vascular inflammation. Cardiovasc Res. 2010 May 1;86(2):211-8. doi:
10.1093/cvr/cvq076. Epub 2010 Mar 3. PMID: 20202975; PMCID: PMC2912657.
Kim YH, Yoon DW, Kim JH, Lee JH, Lim CH. Effect of remote ischemic post-
conditioning on systemic inflammatory response and survival rate in
lipopolysaccharide-induced systemic inflammation model. J Inflamm (Lond). 2014
May 21;11:16. doi: 10.1186/1476-9255-11-16. PMID: 24904237; PMCID:

PMC4046032.



31. Winter J, Jung S, Keller S, Gregory RI, Diederichs S. Many roads to maturity:
microRNA biogenesis pathways and their regulation. Nat Cell Biol. 2009
Mar;11(3):228-34. doi: 10.1038/ncb0309-228. PMID: 19255566.

32. LiJ, Rohailla S, Gelber N, Rutka J, Sabah N, Gladstone RA, Wei C, Hu P, Kharbanda
RK, Redington AN. MicroRNA-144 is a circulating effector of remote ischemic
preconditioning. Basic Res Cardiol. 2014;109(5):423. doi: 10.1007/s00395-014-0423-
z. Epub 2014 Jul 25. PMID: 25060662.

33. Tang Y, Wang Y, Park KM, Hu Q, Teoh JP, Broskova Z, Ranganathan P, Jayakumar
C, LiJ, SuH, Tang Y, Ramesh G, Kim IM. MicroRNA-150 protects the mouse heart
from ischaemic injury by regulating cell death. Cardiovasc Res. 2015 Jun
1;106(3):387-97. doi: 10.1093/cvr/cvv121. Epub 2015 Mar 30. PMID: 25824147,
PMCID: PMC4447807.

34. Frey UH, Klaassen M, Ochsenfarth C, Murke F, Thielmann M, Kottenberg E,
Kleinbongard P, Klenke S, Engler A, Heusch G, Giebel B, Peters J. Remote
ischaemic preconditioning increases serum extracellular vesicle concentrations with
altered micro-RNA signature in CABG patients. Acta Anaesthesiol Scand. 2019
Apr;63(4):483-492. doi: 10.1111/aas.13296. Epub 2018 Dec 11. PMID: 30548252.

35. Oliveira-Carvalho V, Carvalho VO, Bocchi EA. The emerging role of miR-208a in
the heart. DNA Cell Biol. 2013 Jan;32(1):8-12. doi: 10.1089/dna.2012.1787. Epub
2012 Nov 2. PMID: 23121236.

36. Heusch G, Libby P, Gersh B, Yellon D, Bohm M, Lopaschuk G, Opie L.
Cardiovascular remodelling in coronary artery disease and heart failure. Lancet. 2014
May 31;383(9932):1933-43. doi: 10.1016/S0140-6736(14)60107-0. Epub 2014 May

13. PMID: 24831770; PMCID: PMC4330973.



37. Casos K, Pérez ML, Blasco-Lucas A, Ferrer-Curriu G, Gracia-Baena JM, Sureda C,
Permanyer E, Igual A, Galinanes M. Ischemic postconditioning of the isolated human
myocardium: Role of the applied protocol. Int J Cardiol Heart Vasc. 2015 May
23;8:55-61. doi: 10.1016/j.ijcha.2015.05.009. PMID: 28785680; PMCID:
PMC(C5497256.

38. Lee JI, Wook Nha K, Suh JS, Choo SK, Park JH, Park JW. Remote postconditioning
attenuates ischemia/reperfusion injury in rat skeletal muscle through mitochondrial
ATP-sensitive K+ channel-dependent mechanism. J Reconstr Microsurg. 2013
Nov;29(9):571-8. doi: 10.1055/s-0033-1348037. Epub 2013 Jun 11. PMID:
23757151.

39. Harris RA, Nishiyama SK, Wray DW, Richardson RS. Ultrasound assessment of
flow-mediated dilation. Hypertension. 2010 May;55(5):1075-85. doi:
10.1161/HYPERTENSIONAHA.110.150821. Epub 2010 Mar 29. PMID: 20351340;
PMCID: PMC2878744.

40. Dezfulian C, Taft M, Corey C, Hill G, Krehel N, Rittenberger JC, Guyette FX, Shiva
S. Biochemical signaling by remote ischemic conditioning of the arm versus thigh: Is
one raise of the cuff enough? Redox Biol. 2017 Aug;12:491-498. doi:
10.1016/j.redox.2017.03.010. Epub 2017 Mar 18. PMID: 28334684; PMCID:
PMC5362138.

41. Eltzschig HK, Eckle T. Ischemia and reperfusion--from mechanism to translation. Nat
Med. 2011 Nov 7;17(11):1391-401. doi: 10.1038/nm.2507. PMID: 22064429;
PMCID: PMC3886192.

42. JENNINGS RB, SOMMERS HM, SMYTH GA, FLACK HA, LINN H. Myocardial
necrosis induced by temporary occlusion of a coronary artery in the dog. Arch Pathol.

1960 Jul;70:68-78. PMID: 14407094.



43.

44,

45.

46.

47.

48.

49.

50.

Braunwald E, Kloner RA. The stunned myocardium: prolonged, postischemic
ventricular dysfunction. Circulation. 1982 Dec;66(6):1146-9. doi:
10.1161/01.cir.66.6.1146. PMID: 6754130.

Ito H. No-reflow phenomenon and prognosis in patients with acute myocardial
infarction. Nat Clin Pract Cardiovasc Med. 2006 Sep;3(9):499-506. doi:
10.1038/ncpcardio0632. PMID: 16932767.

Krug A, Du Mesnil de Rochemont, Korb G. Blood supply of the myocardium after
temporary coronary occlusion. Circ Res. 1966 Jul;19(1):57-62. doi:
10.1161/01.res.19.1.57. PMID: 5912914.

van der Weg K, Prinzen FW, Gorgels AP. Editor's Choice- Reperfusion cardiac
arrhythmias and their relation to reperfusion-induced cell death. Eur Heart J Acute
Cardiovasc Care. 2019 Mar;8(2):142-152. doi: 10.1177/2048872618812148. Epub
2018 Nov 13. PMID: 30421619.

McCord JM. Oxygen-derived free radicals in postischemic tissue injury. N Engl J
Med. 1985 Jan 17;312(3):159-63. doi: 10.1056/NEJM198501173120305. PMID:
2981404.

Zweier JL. Measurement of superoxide-derived free radicals in the reperfused heart.
Evidence for a free radical mechanism of reperfusion injury. J Biol Chem. 1988 Jan
25;263(3):1353-7. PMID: 2826476.

Hearse DJ, Humphrey SM, Chain EB. Abrupt reoxygenation of the anoxic potassium-
arrested perfused rat heart: a study of myocardial enzyme release. J] Mol Cell Cardiol.
1973 Aug;5(4):395-407. doi: 10.1016/0022-2828(73)90030-8. PMID: 4355339.
Zweier JL, Talukder MA. The role of oxidants and free radicals in reperfusion injury.
Cardiovasc Res. 2006 May 1;70(2):181-90. doi: 10.1016/j.cardiores.2006.02.025.

Epub 2006 Mar 3. PMID: 16580655.



51.

52.

53.

54.

55.

56.

57.

Piper HM, Garcia-Dorado D, Ovize M. A fresh look at reperfusion injury. Cardiovasc
Res. 1998 May;38(2):291-300. doi: 10.1016/s0008-6363(98)00033-9. PMID:
9709390.

Bond JM, Chacon E, Herman B, Lemasters JJ. Intracellular pH and Ca2+ homeostasis
in the pH paradox of reperfusion injury to neonatal rat cardiac myocytes. Am J
Physiol. 1993 Jul;265(1 Pt 1):C129-37. doi: 10.1152/ajpcell.1993.265.1.C129. PMID:
8338121.

Vinten-Johansen J. Involvement of neutrophils in the pathogenesis of lethal
myocardial reperfusion injury. Cardiovasc Res. 2004 Feb 15;61(3):481-97. doi:
10.1016/j.cardiores.2003.10.011. PMID: 14962479.

Dinerman JL, Mehta JL, Saldeen TG, Emerson S, Wallin R, Davda R, Davidson A.
Increased neutrophil elastase release in unstable angina pectoris and acute myocardial
infarction. J Am Coll Cardiol. 1990 Jun;15(7):1559-63. doi: 10.1016/0735-
1097(90)92826-n. PMID: 2345235.

Engler RL, Dahlgren MD, Morris DD, Peterson MA, Schmid-Schonbein GW. Role of
leukocytes in response to acute myocardial ischemia and reflow in dogs. Am J
Physiol. 1986 Aug;251(2 Pt 2):H314-23. doi: 10.1152/ajpheart.1986.251.2.H314.
PMID: 3740286.

Albertine KH, Weyrich AS, Ma XL, Lefer DJ, Becker LC, Lefer AM. Quantification
of neutrophil migration following myocardial ischemia and reperfusion in cats and
dogs. J Leukoc Biol. 1994 May;55(5):557-66. doi: 10.1002/j1b.55.5.557. PMID:
8182334.

Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M, Flaxman A, Murray
CJ, Naghavi M. The global burden of ischemic heart disease in 1990 and 2010: the

Global Burden of Disease 2010 study. Circulation. 2014 Apr 8;129(14):1493-501.



38.

59.

60.

61.

doi: 10.1161/CIRCULATIONAHA.113.004046. Epub 2014 Feb 26. PMID:
24573351; PMCID: PMC4181601.

Roe MT, Messenger JC, Weintraub WS, Cannon CP, Fonarow GC, Dai D, Chen AY,
Klein LW, Masoudi FA, McKay C, Hewitt K, Brindis RG, Peterson ED, Rumsfeld
JS. Treatments, trends, and outcomes of acute myocardial infarction and percutaneous
coronary intervention. ] Am Coll Cardiol. 2010 Jul 20;56(4):254-63. doi:
10.1016/j.jacc.2010.05.008. PMID: 20633817.

Cung TT, Morel O, Cayla G, Rioufol G, Garcia-Dorado D, Angoulvant D, Bonnefoy-
Cudraz E, Guérin P, Elbaz M, Delarche N, Coste P, Vanzetto G, Metge M, Aupetit
JF, Jouve B, Motreff P, Tron C, Labeque JN, Steg PG, Cottin Y, Range G, Clerc J,
Claeys MJ, Coussement P, Prunier F, Moulin F, Roth O, Belle L, Dubois P, Barragan
P, Gilard M, Piot C, Colin P, De Poli F, Morice MC, Ider O, Dubois-Randé JL,
Unterseeh T, Le Breton H, Béard T, Blanchard D, Grollier G, Malquarti V, Staat P,
Sudre A, Elmer E, Hansson MJ, Bergerot C, Boussaha I, Jossan C, Derumeaux G,
Mewton N, Ovize M. Cyclosporine before PCI in Patients with Acute Myocardial
Infarction. N Engl J Med. 2015 Sep 10;373(11):1021-31. doi:
10.1056/NEJMoal505489. Epub 2015 Aug 30. PMID: 26321103.

Jernberg T, Johanson P, Held C, Svennblad B, Lindbéck J, Wallentin L;
SWEDEHEART/RIKS-HIA. Association between adoption of evidence-based
treatment and survival for patients with ST-elevation myocardial infarction. JAMA.
2011 Apr 27;305(16):1677-84. doi: 10.1001/jama.2011.522. PMID: 21521849.
Stone GW, Selker HP, Thiele H, Patel MR, Udelson JE, Ohman EM, Maehara A,
Eitel I, Granger CB, Jenkins PL, Nichols M, Ben-Yehuda O. Relationship Between

Infarct Size and Outcomes Following Primary PCI: Patient-Level Analysis From 10



62.

63.

64.

65.

66.

67.

Randomized Trials. J Am Coll Cardiol. 2016 Apr 12;67(14):1674-83. doi:
10.1016/j.jacc.2016.01.069. PMID: 27056772.

Cowled P, Fitridge R. Pathophysiology of Reperfusion Injury. In: Fitridge R,
Thompson M, editors. Mechanisms of Vascular Disease: A Reference Book for
Vascular Specialists [Internet]. Adelaide (AU): University of Adelaide Press; 2011.

18. Available from: https://www.ncbi.nlm.nih.ecov/books/NBK 534267/

Park SW, Kim M, Brown KM, D'Agati VD, Lee HT. Paneth cell-derived interleukin-
17A causes multiorgan dysfunction after hepatic ischemia and reperfusion injury.
Hepatology. 2011 May;53(5):1662-75. doi: 10.1002/hep.24253. PMID: 21360570;
PMCID: PMC3082595.

Fichtlscherer S, Breuer S, Zeiher AM. Prognostic value of systemic endothelial
dysfunction in patients with acute coronary syndromes: further evidence for the
existence of the "vulnerable" patient. Circulation. 2004 Oct 5;110(14):1926-32. doi:
10.1161/01.CIR.0000143378.58099.8C. Epub 2004 Sep 27. PMID: 15451794.
Karatzis EN, Ikonomidis I, Vamvakou GD, Papaioannou TG, Protogerou AD,
Andreadou I, Voidonikola PT, Karatzi KN, Papamichael CM, Lekakis JP. Long-term
prognostic role of flow-mediated dilatation of the brachial artery after acute coronary
syndromes without ST elevation. Am J Cardiol. 2006 Dec 1;98(11):1424-8. doi:
10.1016/j.amjcard.2006.06.043. Epub 2006 Oct 2. PMID: 17126643

Reimer KA, Murry CE, Yamasawa I, Hill ML, Jennings RB. Four brief periods of
myocardial ischemia cause no cumulative ATP loss or necrosis. Am J Physiol. 1986
Dec;251(6 Pt 2):H1306-15. doi: 10.1152/ajpheart.1986.251.6.H1306. PMID: 3789183
Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: a delay of lethal
cell injury in ischemic myocardium. Circulation. 1986 Nov;74(5):1124-36. doi:

10.1161/01.cir.74.5.1124. PMID: 3769170.


https://www.ncbi.nlm.nih.gov/books/NBK534267/

68.

69.

70.

71

72.

Deutsch E, Berger M, Kussmaul WG, Hirshfeld JW Jr, Herrmann HC, Laskey WK.
Adaptation to ischemia during percutaneous transluminal coronary angioplasty.
Clinical, hemodynamic, and metabolic features. Circulation. 1990 Dec;82(6):2044-51.
doi: 10.1161/01.cir.82.6.2044. PMID: 2242528.

Zhao ZQ, Corvera JS, Halkos ME, Kerendi F, Wang NP, Guyton RA, Vinten-
Johansen J. Inhibition of myocardial injury by ischemic postconditioning during
reperfusion: comparison with ischemic preconditioning. Am J Physiol Heart Circ
Physiol. 2003 Aug;285(2):H579-88. doi: 10.1152/ajpheart.01064.2002. Erratum in:
Am J Physiol Heart Circ Physiol. 2004 Jan;286(1):H477. PMID: 12860564.

Staat P, Rioufol G, Piot C, Cottin Y, Cung TT, L'Huillier I, Aupetit JF, Bonnefoy E,
Finet G, André-Fouét X, Ovize M. Postconditioning the human heart. Circulation.
2005 Oct 4;112(14):2143-8. doi: 10.1161/CIRCULATIONAHA.105.558122. Epub

2005 Sep 26. PMID: 16186417.

. Thuny F, Lairez O, Roubille F, Mewton N, Rioufol G, Sportouch C, Sanchez I,

Bergerot C, Thibault H, Cung TT, Finet G, Argaud L, Revel D, Derumeaux G,
Bonnefoy-Cudraz E, Elbaz M, Piot C, Ovize M, Croisille P. Post-conditioning
reduces infarct size and edema in patients with ST-segment elevation myocardial
infarction. J Am Coll Cardiol. 2012 Jun 12;59(24):2175-81. doi:
10.1016/j.jacc.2012.03.026. PMID: 22676937.

Mewton N, Thibault H, Roubille F, Lairez O, Rioufol G, Sportouch C, Sanchez I,
Bergerot C, Cung TT, Finet G, Angoulvant D, Revel D, Bonnefoy-Cudraz E, Elbaz
M, Piot C, Sahraoui I, Croisille P, Ovize M. Postconditioning attenuates no-reflow in
STEMI patients. Basic Res Cardiol. 2013 Nov;108(6):383. doi: 10.1007/s00395-013-

0383-8. Epub 2013 Sep 11. PMID: 24022373.



73.

74.

75.

76.

77.

Traverse JH, Swingen CM, Henry TD, Fox J, Wang YL, Chavez 1J, Lips DL, Lesser
JR, Pedersen WR, Burke NM, Pai A, Lindberg JL, Garberich RF. NHLBI-Sponsored
Randomized Trial of Postconditioning During Primary Percutaneous Coronary
Intervention for ST-Elevation Myocardial Infarction. Circ Res. 2019 Mar;124(5):769-
778. doi: 10.1161/CIRCRESAHA.118.314060. PMID: 30602360; PMCID:
PMC6417923.

Thibault H, Piot C, Staat P, Bontemps L, Sportouch C, Rioufol G, Cung TT,
Bonnefoy E, Angoulvant D, Aupetit JF, Finet G, André-Fouét X, Macia JC, Raczka F,
Rossi R, Itti R, Kirkorian G, Derumeaux G, Ovize M. Long-term benefit of
postconditioning. Circulation. 2008 Feb 26;117(8):1037-44. doi:
10.1161/CIRCULATIONAHA.107.729780. Epub 2008 Feb 11. PMID: 18268150.
Ma X1J, Zhang XH, Li CM, Luo M. Eftect of postconditioning on coronary blood flow
velocity and endothelial function in patients with acute myocardial infarction. Scand
Cardiovasc J. 2006 Dec;40(6):327-33. doi: 10.1080/14017430601047864. PMID:
17118822

Yang XC, Liu Y, Wang LF, Cui L, Wang T, Ge YG, Wang HS, Li WM, Xu L, Ni
ZH, Liu SH, Zhang L, Jia HM, Vinten-Johansen J, Zhao ZQ. Reduction in myocardial
infarct size by postconditioning in patients after percutaneous coronary intervention. J
Invasive Cardiol. 2007 Oct;19(10):424-30. PMID: 17906344.

Laskey WK, Yoon S, Calzada N, Ricciardi MJ. Concordant improvements in
coronary flow reserve and ST-segment resolution during percutaneous coronary
intervention for acute myocardial infarction: a benefit of postconditioning. Catheter
Cardiovasc Interv. 2008 Aug 1;72(2):212-20. doi: 10.1002/ccd.21583. PMID:

18546233.



78. Zhao WS, Xu L, Wang LF, Zhang L, Zhang ZY, Liu Y, Liu XL, Yang XC, Cui L,
Zhang L. A 60-s postconditioning protocol by percutaneous coronary intervention
inhibits myocardial apoptosis in patients with acute myocardial infarction. Apoptosis.
2009 Oct;14(10):1204-11. doi: 10.1007/s10495-009-0387-x. PMID: 19693675.

79. Lenborg J, Kelbaek H, Vejlstrup N, Jergensen E, Helqvist S, Saunamaéki K,
Clemmensen P, Holmvang L, Treiman M, Jensen JS, Engstrom T. Cardioprotective
effects of ischemic postconditioning in patients treated with primary percutaneous
coronary intervention, evaluated by magnetic resonance. Circ Cardiovasc Interv. 2010
Feb 1;3(1):34-41. doi: 10.1161/CIRCINTERVENTIONS.109.905521. Epub 2010 Jan
26. PMID: 20118154.

80. Sorensson P, Saleh N, Bouvier F, Bohm F, Settergren M, Caidahl K, Tornvall P,
Arheden H, Rydén L, Pernow J. Effect of postconditioning on infarct size in patients
with ST elevation myocardial infarction. Heart. 2010 Nov;96(21):1710-5. doi:
10.1136/hrt.2010.199430. PMID: 20956486

81. Xue F, Yang X, Zhang B, Zhao C, Song J, Jiang T, Jiang W. Postconditioning the
human heart in percutaneous coronary intervention. Clin Cardiol. 2010 Jul;33(7):439-
44. doi: 10.1002/clc.20796. PMID: 20641122; PMCID: PMC6653368

82. Garcia S, Henry TD, Wang YL, Chavez 1J, Pedersen WR, Lesser JR, Shroff GR,
Moore L, Traverse JH. Long-term follow-up of patients undergoing postconditioning
during ST-elevation myocardial infarction. J Cardiovasc Transl Res. 2011
Feb;4(1):92-8. doi: 10.1007/s12265-010-9252-0. Epub 2010 Dec 7. PMID: 21136310.

83. Liu TK, Mishra AK, Ding FX. [Protective effect of ischemia postconditioning on
reperfusion injury in patients with ST-segment elevation acute myocardial infarction].
Zhonghua Xin Xue Guan Bing Za Zhi. 2011 Jan;39(1):35-9. Chinese. PMID:

21418794.



84. Freixa X, Bellera N, Ortiz-Pérez JT, Jiménez M, Paré C, Bosch X, De Caralt TM,
Betriu A, Masotti M. Ischaemic postconditioning revisited: lack of effects on infarct
size following primary percutaneous coronary intervention. Eur Heart J. 2012
Jan;33(1):103-12. doi: 10.1093/eurheartj/ehr297. Epub 2011 Aug 16. PMID:
21846677.

85. Tarantini G, Favaretto E, Marra MP, Frigo AC, Napodano M, Cacciavillani L,
Giovagnoni A, Renda P, De Biasio V, Plebani M, Mion M, Zaninotto M, Isabella G,
Bilato C, Iliceto S. Postconditioning during coronary angioplasty in acute myocardial
infarction: the POST-AMI trial. Int J Cardiol. 2012 Dec 15;162(1):33-8. doi:
10.1016/j.ijcard.2012.03.136. Epub 2012 Apr 9. PMID: 22494866.

86. Ugata Y, Nakamura T, Taniguchi Y, Ako J, Momomura S. Effect of postconditioning
in patients with ST-elevation acute myocardial infarction. Cardiovasc Interv Ther.
2012 Jan;27(1):14-8. doi: 10.1007/s12928-011-0077-9. Epub 2011 Aug 9. PMID:
24122635.

87. Dwyer NB, Mikami Y, Hilland D, Aljizeeri A, Friedrich MG, Traboulsi M, Anderson
TJ. No cardioprotective benefit of ischemic postconditioning in patients with ST-
segment elevation myocardial infarction. J Interv Cardiol. 2013 Oct;26(5):482-90.
doi: 10.1111/joic.12064. PMID: 24106745.

88. Elzbieciak M, Wita K, Grabka M, Chmurawa J, Doruchowska A, Turski M, Filipecki
A, Wybraniec M, Mizia-Stec K. Effect of postconditioning on infarction size, adverse
left ventricular remodeling, and improvement in left ventricular systolic function in
patients with first anterior ST-segment elevation myocardial infarction. Pol Arch Med
Wewn. 2013;123(6):268-76. doi: 10.20452/pamw.1766. Epub 2013 May 14. PMID:

23674047.



89.

90.

91.

92.

93.

Hahn JY, Song YB, Kim EK, Yu CW, Bae JW, Chung WY, Choi SH, Choi JH, Bae
JH, An KJ, Park JS, Oh JH, Kim SW, Hwang JY, Ryu JK, Park HS, Lim DS, Gwon
HC. Ischemic postconditioning during primary percutaneous coronary intervention:
the effects of postconditioning on myocardial reperfusion in patients with ST-segment
elevation myocardial infarction (POST) randomized trial. Circulation. 2013 Oct
22;128(17):1889-96. doi: 10.1161/CIRCULATIONAHA.113.001690. Epub 2013 Sep
25. PMID: 24068776.

Liu SH, Huo YE, Yin BY, Li XH, Wang YF. Ischemic postconditioning may increase
serum fetuin-A level in patients with acute ST-segment elevation myocardial
infarction undergoing percutaneous intervention. Clin Lab. 2013;59(1-2):59-64. doi:
10.7754/clin.1ab.2012.120222. PMID: 23505907.

Araszkiewicz A, Grygier M, Pyda M, Rajewska J, Michalak M, Lesiak M, Grajek S.
Postconditioning reduces enzymatic infarct size and improves microvascular
reperfusion in patients with ST-segment elevation myocardial infarction. Cardiology.
2014;129(4):250-7. doi: 10.1159/000367965. Epub 2014 Nov 14. PMID: 25402666.
Bodi V, Ruiz-Nodar JM, Feliu E, Minana G, Nunez J, Husser O, Martinez-Elvira J,
Ruiz A, Bonanad C, Monmeneu JV, Lopez-Lereu MP, Forteza MJ, de Dios E, Hervas
A, Moratal D, Gomez C, Mainar L, Sanchis J, Mainar V, Valencia J, Diaz A, Noguera
I, Chaustre F, Chorro FJ. Effect of ischemic postconditioning on microvascular
obstruction in reperfused myocardial infarction. Results of a randomized study in
patients and of an experimental model in swine. Int J Cardiol. 2014 Jul
15;175(1):138-46. doi: 10.1016/j.ijcard.2014.05.003. Epub 2014 May 10. PMID:
24856802.

Dong M, Mu N, Guo F, Zhang C, Ren F, Li J, Tao Z, Yang J, Li G. The beneficial

effects of postconditioning on no-reflow phenomenon after percutaneous coronary



94.

95.

96.

97.

intervention in patients with ST-elevation acute myocardial infarction. J Thromb
Thrombolysis. 2014;38(2):208-14. doi: 10.1007/s11239-013-1010-0. PMID:
242493009.

Limalanathan S, Andersen G@, Klew NE, Abdelnoor M, Hoffmann P, Eritsland J.
Effect of ischemic postconditioning on infarct size in patients with ST-elevation
myocardial infarction treated by primary PCI results of the POSTEMI
(POstconditioning in ST-Elevation Myocardial Infarction) randomized trial. ] Am
Heart Assoc. 2014 Apr 23;3(2):¢000679. doi: 10.1161/JAHA.113.000679. PMID:
24760962; PMCID: PMC4187468.

Luz A, Santos M, Magalhaes R, Silveira J, Cabral S, Dias V, Oliveira F, Pereira S,
Leite-Moreira A, Carvalho H, Torres S. Lack of Benefit of Ischemic Postconditioning
After Routine Thrombus Aspiration During Reperfusion: Immediate and Midterm
Results. J Cardiovasc Pharmacol Ther. 2015 Nov;20(6):523-31. doi:
10.1177/1074248415578171. Epub 2015 Mar 27. PMID: 25818931.

Yetgin T, Magro M, Manintveld OC, Nauta ST, Cheng JM, den Uil CA, Simsek C,
Hersbach F, van Domburg RT, Boersma E, Serruys PW, Duncker DJ, van Geuns RJ,
Zijlstra F. Impact of multiple balloon inflations during primary percutaneous coronary
intervention on infarct size and long-term clinical outcomes in ST-segment elevation
myocardial infarction: real-world postconditioning. Basic Res Cardiol. 2014
Mar;109(2):403. doi: 10.1007/s00395-014-0403-3. Epub 2014 Jan 31. PMID:
24481769; PMCID: PMC3951883.

Eitel I, Stiermaier T, Rommel KP, Fuernau G, Sandri M, Mangner N, Linke A, Erbs
S, Lurz P, Boudriot E, Mende M, Desch S, Schuler G, Thiele H. Cardioprotection by
combined intrahospital remote ischaemic perconditioning and postconditioning in ST-

elevation myocardial infarction: the randomized LIPSIA CONDITIONING trial. Eur



98.

99.

100.

Heart J. 2015 Nov 21;36(44):3049-57. doi: 10.1093/eurheartj/ehv463. Epub 2015 Sep
17. PMID: 26385956.

Kim EK, Hahn JY, Song YB, Lee SC, Choi JH, Choi SH, Lee SH, Choe YH, Gwon
HC. Effect of ischemic postconditioning on myocardial salvage in patients
undergoing primary percutaneous coronary intervention for ST-segment elevation
myocardial infarction: cardiac magnetic resonance substudy of the POST randomized
trial. Int J Cardiovasc Imaging. 2015 Mar;31(3):629-37. doi: 10.1007/s10554-015-
0589-y. Epub 2015 Jan 15. PMID: 25589306.

Engstrom T, Kelbak H, Helgvist S, Hefsten DE, Kleovgaard L, Clemmensen P,
Holmvang L, Jergensen E, Pedersen F, Saunamaki K, Ravkilde J, Tilsted HH,
Villadsen A, Aarge J, Jensen SE, Raungaard B, Betker HE, Terkelsen CJ, Maeng M,
Kaltoft A, Krusell LR, Jensen LO, Veien KT, Kofoed KF, Torp-Pedersen C, Kyhl K,
Nepper-Christensen L, Treiman M, Vejlstrup N, Ahtarovski K, Lenborg J, Keber L;
Third Danish Study of Optimal Acute Treatment of Patients With ST Elevation
Myocardial Infarction—Ischemic Postconditioning (DANAMI-3-1POST)
Investigators. Effect of Ischemic Postconditioning During Primary Percutaneous
Coronary Intervention for Patients With ST-Segment Elevation Myocardial
Infarction: A Randomized Clinical Trial. JAMA Cardiol. 2017 May 1;2(5):490-497.
doi: 10.1001/jamacardio.2017.0022. PMID: 28249094; PMCID: PMC5814983.
Araszkiewicz A, Grygier M, Pyda M, Rajewska J, Michalak M, Stawek-Szmyt
S, Lesiak M. Ischemic postconditioning reduces infarct size and microvascular
obstruction zone in acute ST-elevation myocardial infarction - a randomized study.
Postepy Kardiol Interwencyjnej. 2019;15(3):292-300. doi: 10.5114/aic.2019.87882.

Epub 2019 Sep 18. PMID: 31592153; PMCID: PMC6777191.



101. Mukherjee P, Jain M. Effect of ischemic postconditioning during primary
percutaneous coronary intervention for patients with ST-segment elevation
myocardial infarction: A single-center cross-sectional study. Ann Card Anaesth. 2019
Oct-Dec;22(4):347-352. doi: 10.4103/aca.ACA_126 18. PMID: 31621667; PMCID:
PMC6813695.

102. Kleinbongard P, Skyschally A, Heusch G. Cardioprotection by remote
ischemic conditioning and its signal transduction. Pflugers Arch. 2017
Feb;469(2):159-181. doi: 10.1007/s00424-016-1922-6. Epub 2016 Dec 7. Erratum in:
Pflugers Arch. 2017 Jun;469(5-6):843. PMID: 27928644.

103. Przyklenk K, Bauer B, Ovize M, Kloner RA, Whittaker P. Regional ischemic
'preconditioning' protects remote virgin myocardium from subsequent sustained
coronary occlusion. Circulation. 1993 Mar;87(3):893-9. doi: 10.1161/01.cir.87.3.893.
PMID: 7680290.

104. Dickson EW, Lorbar M, Porcaro WA, Fenton RA, Reinhardt CP, Gysembergh
A, Przyklenk K. Rabbit heart can be "preconditioned" via transfer of coronary
effluent. Am J Physiol. 1999 Dec;277(6):H2451-7. doi:
10.1152/ajpheart.1999.277.6.H2451. PMID: 10600868.

105. Gho BC, Schoemaker RG, van den Doel MA, Duncker DJ, Verdouw PD.
Myocardial protection by brief ischemia in noncardiac tissue. Circulation. 1996 Nov
1;94(9):2193-200. doi: 10.1161/01.¢ir.94.9.2193. PMID: 8901671.

106. Pell TJ, Baxter GF, Yellon DM, Drew GM. Renal ischemia preconditions
myocardium: role of adenosine receptors and ATP-sensitive potassium channels. Am
J Physiol. 1998 Nov;275(5):H1542-7. doi: 10.1152/ajpheart.1998.275.5.H1542.

PMID: 9815059.



107. Schoemaker RG, van Heijningen CL. Bradykinin mediates cardiac
preconditioning at a distance. Am J Physiol Heart Circ Physiol. 2000
May;278(5):H1571-6. doi: 10.1152/ajpheart.2000.278.5.H1571. PMID: 10775135.

108. Liem DA, Verdouw PD, Ploeg H, Kazim S, Duncker DJ. Sites of action of
adenosine in interorgan preconditioning of the heart. Am J Physiol Heart Circ Physiol.
2002 Jul;283(1):H29-37. doi: 10.1152/ajpheart.01031.2001. PMID: 12063271.

109. Kharbanda RK, Mortensen UM, White PA, Kristiansen SB, Schmidt MR,
Hoschtitzky JA, Vogel M, Sorensen K, Redington AN, MacAllister R. Transient limb
ischemia induces remote ischemic preconditioning in vivo. Circulation. 2002 Dec
3;106(23):2881-3. doi: 10.1161/01.¢ir.0000043806.51912.9b. PMID: 12460865.

110. Loukogeorgakis SP, Panagiotidou AT, Broadhead MW, Donald A, Deanfield
JE, MacAllister RJ. Remote ischemic preconditioning provides early and late
protection against endothelial ischemia-reperfusion injury in humans: role of the
autonomic nervous system. J Am Coll Cardiol. 2005 Aug 2;46(3):450-6. doi:
10.1016/j.jacc.2005.04.044. PMID: 16053957.

111. Hausenloy DJ, Mwamure PK, Venugopal V, Harris J, Barnard M, Grundy E,
Ashley E, Vichare S, Di Salvo C, Kolvekar S, Hayward M, Keogh B, MacAllister RJ,
Yellon DM. Effect of remote ischaemic preconditioning on myocardial injury in
patients undergoing coronary artery bypass graft surgery: a randomised controlled
trial. Lancet. 2007 Aug 18;370(9587):575-9. doi: 10.1016/S0140-6736(07)61296-3.
PMID: 17707752.

112. Wang H, Lyu Y, Liao Q, JinL, Xu L, Hu 'Y, Yu Y, Guo K. Effects of Remote
Ischemic Preconditioning in Patients Undergoing Off-Pump Coronary Artery Bypass
Graft Surgery. Front Physiol. 2019 Apr 29;10:495. doi: 10.3389/fphys.2019.00495.

PMID: 31110480; PMCID: PMC6501551.



113. Botker HE, Kharbanda R, Schmidt MR, Bettcher M, Kaltoft AK, Terkelsen
CJ, Munk K, Andersen NH, Hansen TM, Trautner S, Lassen JF, Christiansen EH,
Krusell LR, Kristensen SD, Thuesen L, Nielsen SS, Rehling M, Serensen HT,
Redington AN, Nielsen TT. Remote ischaemic conditioning before hospital
admission, as a complement to angioplasty, and effect on myocardial salvage in
patients with acute myocardial infarction: a randomised trial. Lancet. 2010 Feb
27;375(9716):727-34. doi: 10.1016/S0140-6736(09)62001-8. PMID: 20189026.

114. Sloth AD, Schmidt MR, Munk K, Kharbanda RK, Redington AN, Schmidt M,
Pedersen L, Serensen HT, Batker HE; CONDI Investigators. Improved long-term
clinical outcomes in patients with ST-elevation myocardial infarction undergoing
remote ischaemic conditioning as an adjunct to primary percutaneous coronary
intervention. Eur Heart J. 2014 Jan;35(3):168-75. doi: 10.1093/eurheartj/eht369. Epub
2013 Sep 12. PMID: 24031025.

115. Huxley VH, Williams DA. Role of a glycocalyx on coronary arteriole
permeability to proteins: evidence from enzyme treatments. Am J Physiol Heart Circ
Physiol. 2000 Apr;278(4):H1177-85. doi: 10.1152/ajpheart.2000.278.4.H1177.
PMID: 10749712.

116. Reitsma S, Slaaf DW, Vink H, van Zandvoort MA, oude Egbrink MG. The
endothelial glycocalyx: composition, functions, and visualization. Pflugers Arch.
2007 Jun;454(3):345-59. doi: 10.1007/s00424-007-0212-8. Epub 2007 Jan 26. PMID:
17256154; PMCID: PMC1915585

117. Vink H, Constantinescu AA, Spaan JA. Oxidized lipoproteins degrade the
endothelial surface layer : implications for platelet-endothelial cell adhesion.
Circulation. 2000 Apr 4;101(13):1500-2. doi: 10.1161/01.cir.101.13.1500. PMID:

10747340.



118. Constantinescu AA, Vink H, Spaan JA. Endothelial cell glycocalyx modulates
immobilization of leukocytes at the endothelial surface. Arterioscler Thromb Vasc
Biol. 2003 Sep 1;23(9):1541-7. doi: 10.1161/01.ATV.0000085630.24353.3D. Epub
2003 Jul 10. PMID: 1285548]1.

119. Mulivor AW, Lipowsky HH. Role of glycocalyx in leukocyte-endothelial cell
adhesion. Am J Physiol Heart Circ Physiol. 2002 Oct;283(4):H1282-91. doi:
10.1152/ajpheart.00117.2002. Epub 2002 Jun 13. PMID: 12234777.

120. Florian JA, Kosky JR, Ainslie K, Pang Z, Dull RO, Tarbell JM. Heparan
sulfate proteoglycan is a mechanosensor on endothelial cells. Circ Res. 2003 Nov
14;93(10):e136-42. doi: 10.1161/01.RES.0000101744.47866.D5. Epub 2003 Oct 16.
PMID: 14563712.

121. Mochizuki S, Vink H, Hiramatsu O, Kajita T, Shigeto F, Spaan JA, Kajiya F.
Role of hyaluronic acid glycosaminoglycans in shear-induced endothelium-derived
nitric oxide release. Am J Physiol Heart Circ Physiol. 2003 Aug;285(2):H722-6. doi:
10.1152/ajpheart.00691.2002. Epub 2003 May 1. PMID: 12730059.

122. Thi MM, Tarbell JM, Weinbaum S, Spray DC. The role of the glycocalyx in
reorganization of the actin cytoskeleton under fluid shear stress: a "bumper-car"
model. Proc Natl Acad Sci U S A. 2004 Nov 23;101(47):16483-8. doi:
10.1073/pnas.0407474101. Epub 2004 Nov 15. PMID: 15545600; PMCID:
PMC534550.

123. Mulivor AW, Lipowsky HH. Inflammation- and ischemia-induced shedding of
venular glycocalyx. Am J Physiol Heart Circ Physiol. 2004 May;286(5):H1672-80.

doi: 10.1152/ajpheart.00832.2003. Epub 2004 Jan 2. PMID: 14704229.



124. Henry CB, Duling BR. TNF-alpha increases entry of macromolecules into
luminal endothelial cell glycocalyx. Am J Physiol Heart Circ Physiol. 2000
Dec;279(6):H2815-23. doi: 10.1152/ajpheart.2000.279.6.H2815. PMID: 11087236.

125. Chappell D, Jacob M, Hofmann-Kiefer K, Bruegger D, Rehm M, Conzen P,
Welsch U, Becker BF. Hydrocortisone preserves the vascular barrier by protecting the
endothelial glycocalyx. Anesthesiology. 2007 Nov;107(5):776-84. doi:
10.1097/01.anes.0000286984.39328.96. PMID: 18073553.

126. Manciet LH, Poole DC, McDonagh PF, Copeland JG, Mathieu-Costello O.
Microvascular compression during myocardial ischemia: mechanistic basis for no-
reflow phenomenon. Am J Physiol. 1994 Apr;266(4 Pt 2):H1541-50. doi:
10.1152/ajpheart.1994.266.4.H1541. PMID: 8§184932.

127. Ehring T, Krajcar M, Baumgart D, Kompa S, Hiimmelgen M, Heusch G.
Cholinergic and alpha-adrenergic coronary vasomotion [corrected] with increasing
ischemia-reperfusion injury. Am J Physiol. 1995 Feb;268(2 Pt 2):H886-94. doi:
10.1152/ajpheart.1995.268.2.H886. Erratum in: 1995 Jun;268(6 Pt 3):section H
followi. PMID: 7864216.

128. Kupatt C, Wichels R, Horstkotte J, Krombach F, Habazettl H, Boekstegers P.
Molecular mechanisms of platelet-mediated leukocyte recruitment during myocardial
reperfusion. J Leukoc Biol. 2002 Sep;72(3):455-61. PMID: 12223512.

129. Heusch G, Kleinbongard P, Bose D, Levkau B, Haude M, Schulz R, Erbel R.
Coronary microembolization: from bedside to bench and back to bedside. Circulation.
2009 Nov 3;120(18):1822-36. doi: 10.1161/CIRCULATIONAHA.109.888784.
PMID: 1988448]1.

130. Higginson LA, White F, Heggtveit HA, Sanders TM, Bloor CM, Covell JW.

Determinants of myocardial hemorrhage after coronary reperfusion in the



anesthetized dog. Circulation. 1982 Jan;65(1):62-9. doi: 10.1161/01.cir.65.1.62.
PMID: 7053289.

131. Kloner RA, Ganote CE, Jennings RB. The "no-reflow" phenomenon after
temporary coronary occlusion in the dog. J Clin Invest. 1974 Dec;54(6):1496-508.
doi: 10.1172/JCI1107898. PMID: 4140198; PMCID: PMC301706.

132. Niccoli G, Cosentino N, Spaziani C, Fracassi F, Tarantini G, Crea F. No-
reflow: incidence and detection in the cath-lab. Curr Pharm Des. 2013;19(25):4564-
75. doi: 10.2174/1381612811319250005. PMID: 23270553.

133. Borlotti A, Jerosch-Herold M, Liu D, Viliani D, Bracco A, Alkhalil M, De
Maria GL; OxAMI Study Investigators, Channon KM, Banning AP, Choudhury RP,
Neubauer S, Kharbanda RK, Dall'Armellina E. Acute Microvascular Impairment
Post-Reperfused STEMI Is Reversible and Has Additional Clinical Predictive Value:
A CMR OxAMI Study. JACC Cardiovasc Imaging. 2019 Sep;12(9):1783-1793. doi:
10.1016/5.jemg.2018.10.028. Epub 2019 Jan 16. PMID: 30660541; PMCID:
PMC6718360.

134, Mangion K, Carrick D, Clerfond G, Rush C, McComb C, Oldroyd KG, Petrie
MC, Eteiba H, Lindsay M, McEntegart M, Hood S, Watkins S, Davie A, Auger DA,
Zhong X, Epstein FH, Haig CE, Berry C. Predictors of segmental myocardial
functional recovery in patients after an acute ST-Elevation myocardial infarction. Eur
J Radiol. 2019 Mar;112:121-129. doi: 10.1016/j.ejrad.2019.01.010. Epub 2019 Jan
14. PMID: 30777200; PMCID: PMC6390173.

135. van 't Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ, Zijlstra F.
Angiographic assessment of myocardial reperfusion in patients treated with primary

angioplasty for acute myocardial infarction: myocardial blush grade. Zwolle



Myocardial Infarction Study Group. Circulation. 1998 Jun 16;97(23):2302-6. doi:
10.1161/01.¢ir.97.23.2302. PMID: 9639373.

136. Thourani VH, Nakamura M, Duarte IG, Bufkin BL, Zhao ZQ, Jordan JE,
Shearer ST, Guyton RA, Vinten-Johansen J. Ischemic preconditioning attenuates
postischemic coronary artery endothelial dysfunction in a model of minimally
invasive direct coronary artery bypass grafting. J] Thorac Cardiovasc Surg. 1999
Feb;117(2):383-9. doi: 10.1016/S0022-5223(99)70437-X. PMID: 9918981.

137. Tofukuji M, Metais C, Li J, Hariawala MD, Franklin A, Vassileva C, Li J,
Simons M, Sellke FW. Effects of ischemic preconditioning on myocardial perfusion,
function, and microvascular regulation. Circulation. 1998 Nov 10;98(19 Suppl):11197-
204; discussion 11204-5. PMID: 9852903.

138. Kurzelewski M, Czarnowska E, Maczewski M, Beresewicz A. Effect of
ischemic preconditioning on endothelial dysfunction and granulocyte adhesion in
isolated guinea-pig hearts subjected to ischemia/reperfusion. J Physiol Pharmacol.
1999 Dec;50(4):617-28. PMID: 10639012.

139. Zhao JL, Yang YJ, You SJ, Cui CJ, Gao RL. Different effects of
postconditioning on myocardial no-reflow in the normal and hypercholesterolemic
mini-swines. Microvasc Res. 2007 Mar;73(2):137-42. doi:
10.1016/3.mvr.2006.09.002. Epub 2006 Oct 19. PMID: 17055004.

140. Manchurov V, Ryazankina N, Khmara T, Skrypnik D, Reztsov R, Vasilieva E,
Shpektor A. Remote ischemic preconditioning and endothelial function in patients
with acute myocardial infarction and primary PCI. Am J Med. 2014 Jul;127(7):670-3.
doi: 10.1016/j.amjmed.2014.02.012. Epub 2014 Feb 21. PMID: 24565591.

141. Goedhart PT, Khalilzada M, Bezemer R, Merza J, Ince C. Sidestream Dark

Field (SDF) imaging: a novel stroboscopic LED ring-based imaging modality for



clinical assessment of the microcirculation. Opt Express. 2007 Nov 12;15(23):15101-
14. doi: 10.1364/0e.15.015101. PMID: 19550794.

142. De Backer D, Hollenberg S, Boerma C, Goedhart P, Biichele G, Ospina-
Tascon G, Dobbe I, Ince C. How to evaluate the microcirculation: report of a round
table conference. Crit Care. 2007;11(5):R101. doi: 10.1186/cc6118. PMID:
17845716; PMCID: PMC2556744.

143. Lee DH, Dane MJ, van den Berg BM, Boels MG, van Teeftelen JW, de
Mutsert R, den Heijer M, Rosendaal FR, van der Vlag J, van Zonneveld AJ, Vink H,
Rabelink TJ; NEO study group. Deeper penetration of erythrocytes into the
endothelial glycocalyx is associated with impaired microvascular perfusion. PLoS
One. 2014 May 9;9(5):€96477. doi: 10.1371/journal.pone.0096477. PMID: 24816787;
PMCID: PMC4015985.

144, Vlahu CA, Lemkes BA, Struijk DG, Koopman MG, Krediet RT, Vink H.
Damage of the endothelial glycocalyx in dialysis patients. ] Am Soc Nephrol. 2012
Nov;23(11):1900-8. doi: 10.1681/ASN.2011121181. Epub 2012 Oct 18. PMID:
23085635; PMCID: PM(C3482728.

145. Martens RJ, Vink H, van Oostenbrugge RJ, Staals J. Sublingual microvascular
glycocalyx dimensions in lacunar stroke patients. Cerebrovasc Dis. 2013;35(5):451-4.
doi: 10.1159/000348854. Epub 2013 May 31. PMID: 23735841.

146. Dane MJ, Khairoun M, Lee DH, van den Berg BM, Eskens BJ, Boels MG, van
Teeffelen JW, Rops AL, van der Vlag J, van Zonneveld AJ, Reinders ME, Vink H,
Rabelink TJ. Association of kidney function with changes in the endothelial surface
layer. Clin J Am Soc Nephrol. 2014 Apr;9(4):698-704. doi: 10.2215/CIN.08160813.

Epub 2014 Jan 23. PMID: 24458084; PMCID: PMC3974363.



147. Mulders TA, Nieuwdorp M, Stroes ES, Vink H, Pinto-Sietsma SJ. Non-
invasive assessment of microvascular dysfunction in families with premature
coronary artery disease. Int J Cardiol. 2013 Oct 12;168(5):5026-8. doi:
10.1016/j.ijcard.2013.07.166. Epub 2013 Jul 25. PMID: 23968713.

148. Donati A, Damiani E, Domizi R, Romano R, Adrario E, Pelaia P, Ince C,
Singer M. Alteration of the sublingual microvascular glycocalyx in critically ill
patients. Microvasc Res. 2013 Nov;90:86-9. doi: 10.1016/.mvr.2013.08.007. Epub
2013 Aug 26. PMID: 23988876.

149. Belz GG. Elastic properties and Windkessel function of the human aorta.
Cardiovasc Drugs Ther. 1995 Feb;9(1):73-83. doi: 10.1007/BF00877747. PMID:
7786838.

150. Ikonomidis I, Aboyans V, Blacher J, Brodmann M, Brutsaert DL, Chirinos JA,
De Carlo M, Delgado V, Lancellotti P, Lekakis J, Mohty D, Nihoyannopoulos P,
Parissis J, Rizzoni D, Ruschitzka F, Seferovic P, Stabile E, Tousoulis D, Vinereanu D,
Vlachopoulos C, Vlastos D, Xaplanteris P, Zimlichman R, Metra M. The role of
ventricular-arterial coupling in cardiac disease and heart failure: assessment, clinical
implications and therapeutic interventions. A consensus document of the European
Society of Cardiology Working Group on Aorta & Peripheral Vascular Diseases,
European Association of Cardiovascular Imaging, and Heart Failure Association. Eur
J Heart Fail. 2019 Apr;21(4):402-424. doi: 10.1002/ejhf.1436. Epub 2019 Mar 12.
PMID: 30859669.

151. Nichols WW, Edwards DG. Arterial elastance and wave reflection
augmentation of systolic blood pressure: deleterious effects and implications for
therapy. J Cardiovasc Pharmacol Ther. 2001 Jan;6(1):5-21. doi:

10.1177/107424840100600102. PMID: 11452332.



152. Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D,
Pannier B, Vlachopoulos C, Wilkinson I, Struijker-Boudier H; European Network for
Non-invasive Investigation of Large Arteries. Expert consensus document on arterial
stiffness: methodological issues and clinical applications. Eur Heart J. 2006
Nov;27(21):2588-605. doi: 10.1093/eurheartj/ehl254. Epub 2006 Sep 25. PMID:
17000623.

153. Blacher J, Guerin AP, Pannier B, Marchais SJ, Safar ME, London GM. Impact
of aortic stiffness on survival in end-stage renal disease. Circulation. 1999 May
11;99(18):2434-9. doi: 10.1161/01.¢ir.99.18.2434. PMID: 10318666.

154. Boutouyrie P, Tropeano Al, Asmar R, Gautier I, Benetos A, Lacolley P,
Laurent S. Aortic stiffness is an independent predictor of primary coronary events in
hypertensive patients: a longitudinal study. Hypertension. 2002 Jan;39(1):10-5. doi:
10.1161/hy0102.099031. PMID: 11799071.

155. Cruickshank K, Riste L, Anderson SG, Wright JS, Dunn G, Gosling RG.
Aortic pulse-wave velocity and its relationship to mortality in diabetes and glucose
intolerance: an integrated index of vascular function? Circulation. 2002 Oct
15;106(16):2085-90. doi: 10.1161/01.¢ir.0000033824.02722.7. PMID: 12379578.

156. Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, Ducimetiere
P, Benetos A. Aortic stiffness is an independent predictor of all-cause and
cardiovascular mortality in hypertensive patients. Hypertension. 2001
May;37(5):1236-41. doi: 10.1161/01.hyp.37.5.1236. PMID: 11358934.

157. Laurent S, Katsahian S, Fassot C, Tropeano Al, Gautier I, Laloux B,
Boutouyrie P. Aortic stiffness is an independent predictor of fatal stroke in essential
hypertension. Stroke. 2003 May;34(5):1203-6. doi:

10.1161/01.STR.0000065428.03209.64. Epub 2003 Apr 3. PMID: 12677025.



158. Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele NM, Bos ML,
Schalekamp MA, Asmar R, Reneman RS, Hoeks AP, Breteler MM, Witteman JC.
Arterial stiffness and risk of coronary heart disease and stroke: the Rotterdam Study.
Circulation. 2006 Feb 7;113(5):657-63.
doi:10.1161/CIRCULATIONAHA.105.555235. PMID: 16461838

159. Meaume S, Benetos A, Henry OF, Rudnichi A, Safar ME. Aortic pulse wave
velocity predicts cardiovascular mortality in subjects >70 years of age. Arterioscler
Thromb Vasc Biol. 2001 Dec;21(12):2046-50. doi: 10.1161/hq1201.100226. PMID:
11742883.

160. Shoji T, Emoto M, Shinohara K, Kakiya R, Tsujimoto Y, Kishimoto H,
Ishimura E, Tabata T, Nishizawa Y. Diabetes mellitus, aortic stiffness, and
cardiovascular mortality in end-stage renal disease. ] Am Soc Nephrol. 2001
Oct;12(10):2117-2124. doi: 10.1681/ASN.V12102117. PMID: 11562410.

161. Shokawa T, Imazu M, Yamamoto H, Toyofuku M, Tasaki N, Okimoto T,
Yamane K, Kohno N. Pulse wave velocity predicts cardiovascular mortality: findings
from the Hawaii-Los Angeles-Hiroshima study. Circ J. 2005 Mar;69(3):259-64. doi:
10.1253/circj.69.259. PMID: 15731528.

162. Sutton-Tyrrell K, Najjar SS, Boudreau RM, Venkitachalam L, Kupelian V,
Simonsick EM, Havlik R, Lakatta EG, Spurgeon H, Kritchevsky S, Pahor M, Bauer
D, Newman A; Health ABC Study. Elevated aortic pulse wave velocity, a marker of
arterial stiffness, predicts cardiovascular events in well-functioning older adults.
Circulation. 2005 Jun 28;111(25):3384-90. doi:
10.1161/CIRCULATIONAHA.104.483628. Epub 2005 Jun 20. PMID: 15967850.

163. Willum-Hansen T, Staessen JA, Torp-Pedersen C, Rasmussen S, Thijs L,

Ibsen H, Jeppesen J. Prognostic value of aortic pulse wave velocity as index of arterial



stiffness in the general population. Circulation. 2006 Feb 7;113(5):664-70. doi:
10.1161/CIRCULATIONAHA.105.579342. PMID: 16461839.

164. Feistritzer HJ, Klug G, Reinstadler SJ, Mair J, Seidner B, Mayr A, Franz WM,
Metzler B. Aortic stiffness is associated with elevated high-sensitivity cardiac
troponin T concentrations at a chronic stage after ST-segment elevation myocardial
infarction. J Hypertens. 2015 Sep;33(9):1970-6. doi:
10.1097/HJH.0000000000000644. PMID: 26147386.

165. Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial infarction.
Experimental observations and clinical implications. Circulation. 1990
Apr;81(4):1161-72. doi: 10.1161/01.cir.81.4.1161. PMID: 2138525.

166. Reindl M, Tiller C, Holzknecht M, Lechner I, Hein N, Pamminger M,
Henninger B, Mayr A, Feistritzer HJ, Klug G, Bauer A, Metzler B, Reinstadler SJ.
Aortic Stiffness and Infarct Healing in Survivors of Acute ST-Segment-Elevation
Myocardial Infarction. ] Am Heart Assoc. 2020 Feb 4;9(3):e014740. doi:
10.1161/JAHA.119.014740. Epub 2020 Jan 31. PMID: 32003271; PMCID:
PMC7033867.

167. Prskalo Z, Brizi¢ I, Markota D, Markota I, Boban M, Tomic M, Starcevic B.
Arterial stiffness in patients with coronary artery disease: relation with in-stent
restenosis following percutaneous coronary intervention. BMC Cardiovasc Disord.
2016 Jun 6;16:128. doi: 10.1186/s12872-016-0305-4. PMID: 27266698; PMCID:
PMC4895968.

168. Ambrosio G, Tritto I. Reperfusion injury: experimental evidence and clinical
implications. Am Heart J. 1999 Aug;138(2 Pt 2):S69-75. doi: 10.1016/s0002-

8703(99)70323-6. PMID: 10426862.



169. Ambrosio G, Flaherty JT, Duilio C, Tritto I, Santoro G, Elia PP, Condorelli
M, Chiariello M. Oxygen radicals generated at reflow induce peroxidation of
membrane lipids in reperfused hearts. J Clin Invest. 1991 Jun;87(6):2056-66. doi:
10.1172/JCI115236. PMID: 1645750; PMCID: PMC296962.

170. Zweier JL, Flaherty JT, Weisfeldt ML. Direct measurement of free radical
generation following reperfusion of ischemic myocardium. Proc Natl Acad Sci U S A.
1987 Mar;84(5):1404-7. doi: 10.1073/pnas.84.5.1404. PMID: 3029779; PMCID:
PMC304438.

171. Lucas DT, Szweda LI. Cardiac reperfusion injury: aging, lipid peroxidation,
and mitochondrial dysfunction. Proc Natl Acad Sci U S A. 1998 Jan 20;95(2):510-4.
doi: 10.1073/pnas.95.2.510. PMID: 9435222; PMCID: PMC18450.

172. Romaschin AD, Rebeyka I, Wilson GJ, Mickle DA. Conjugated dienes in
ischemic and reperfused myocardium: an in vivo chemical signature of oxygen free
radical mediated injury. J Mol Cell Cardiol. 1987 Mar;19(3):289-302. doi:
10.1016/50022-2828(87)80596-5. PMID: 3599084.

173. Romaschin AD, Wilson GJ, Thomas U, Feitler DA, Tumiati L, Mickle DA.
Subcellular distribution of peroxidized lipids in myocardial reperfusion injury. Am J
Physiol. 1990 Jul;259(1 Pt 2):H116-23. doi: 10.1152/ajpheart.1990.259.1.H116.
PMID: 2165362.

174. Ambrosio G, Zweier JL, Flaherty JT. The relationship between oxygen radical
generation and impairment of myocardial energy metabolism following post-ischemic
reperfusion. J Mol Cell Cardiol. 1991 Dec;23(12):1359-74. doi: 10.1016/0022-
2828(91)90183-m. PMID: 1811055.

175. Zhou T, Prather ER, Garrison DE, Zuo L. Interplay between ROS and

Antioxidants during Ischemia-Reperfusion Injuries in Cardiac and Skeletal Muscle.



Int J Mol Sci. 2018 Jan 31;19(2):417. doi: 10.3390/ijms19020417. PMID: 29385043;
PMCID: PMC5855639.

176. Kim JS, Jin Y, Lemasters JJ. Reactive oxygen species, but not Ca2+
overloading, trigger pH- and mitochondrial permeability transition-dependent death of
adult rat myocytes after ischemia-reperfusion. Am J Physiol Heart Circ Physiol. 2006
May;290(5):H2024-34. doi: 10.1152/ajpheart.00683.2005. Epub 2006 Jan 6. PMID:
16399872.

177. Crompton M. The mitochondrial permeability transition pore and its role in
cell death. Biochem J. 1999 Jul 15;341 ( Pt 2)(Pt 2):233-49. PMID: 10393078;
PMCID: PMC1220352.

178. Wu MY, Yiang GT, Liao WT, Tsai AP, Cheng YL, Cheng PW, Li CY, Li CJ.
Current Mechanistic Concepts in Ischemia and Reperfusion Injury. Cell Physiol
Biochem. 2018;46(4):1650-1667. doi: 10.1159/000489241. Epub 2018 Apr 20.
PMID: 29694958.

179. Gryglewski RJ, Palmer RM, Moncada S. Superoxide anion is involved in the
breakdown of endothelium-derived vascular relaxing factor. Nature. 1986 Apr 3-
9;320(6061):454-6. doi: 10.1038/320454a0. PMID: 3007998.

180. Gasic AC, McGuire G, Krater S, Farhood Al, Goldstein MA, Smith CW,
Entman ML, Taylor AA. Hydrogen peroxide pretreatment of perfused canine vessels
induces ICAM-1 and CD18-dependent neutrophil adherence. Circulation. 1991
Nov;84(5):2154-66. doi: 10.1161/01.cir.84.5.2154. PMID: 1682068.

181. Petrone WF, English DK, Wong K, McCord JM. Free radicals and
inflammation: superoxide-dependent activation of a neutrophil chemotactic factor in
plasma. Proc Natl Acad Sci U S A. 1980 Feb;77(2):1159-63. doi:

10.1073/pnas.77.2.1159. PMID: 6928666; PMCID: PM(C348444.



182. Golino P, Ragni M, Cirillo P, Avvedimento VE, Feliciello A, Esposito N,
Scognamiglio A, Trimarco B, laccarino G, Condorelli M, Chiariello M, Ambrosio G.
Effects of tissue factor induced by oxygen free radicals on coronary flow during
reperfusion. Nat Med. 1996 Jan;2(1):35-40. doi: 10.1038/nm0196-35. PMID:
8564835.

183. Muzakova V, Kandar R, Vojtisek P, Skalicky J, Vankova R, Cegan A,
Cervinkova Z. Antioxidant vitamin levels and glutathione peroxidase activity during
ischemia/reperfusion in myocardial infarction. Physiol Res. 2001;50(4):389-96.
PMID: 11551145.

184. Grech ED, Jack CI, Bleasdale C, Jackson MJ, Baines M, Faragher EB, Hind
CR, Perry RA. Differential free-radical activity after successful and unsuccessful
thrombolytic reperfusion in acute myocardial infarction. Coron Artery Dis. 1993
Sep;4(9):769-74. doi: 10.1097/00019501-199309000-00003. PMID: 8287210.

185. Béard T, Carri¢ D, Boyer MJ, Boudjemaa B, Ferricres J, Delay M, Bernadet P,
Thouvenot JP. Production de radicaux libres oxygénés au cours de l'infarctus du
myocarde traité par thrombolyse. Analyse de la glutathion peroxydase, de la
superoxyde dismutase et du malondialdéhyde [Production of oxygen free radicals in
myocardial infarction treated by thrombolysis. Analysis of glutathione peroxidase,
superoxide dismutase and malondialdehyde]. Arch Mal Coeur Vaiss. 1994
Oct;87(10):1289-96. French. PMID: 7771873.

186. Igbal K, Rauoof MA, Mir MM, Tramboo NA, Malik JA, Naikoo BA, Dar
MA, Masoodi SR, Khan AR. Lipid peroxidation during acute coronary syndromes
and its intensification at the time of myocardial ischemia reperfusion. Am J Cardiol.

2002 Feb 1;89(3):334-7. doi: 10.1016/50002-9149(01)02237-8. PMID: 11809438.



187. Young IS, Purvis JA, Lightbody JH, Adgey AA, Trimble ER. Lipid
peroxidation and antioxidant status following thrombolytic therapy for acute
myocardial infarction. Eur Heart J. 1993 Aug;14(8):1027-33. doi:
10.1093/eurheartj/14.8.1027. PMID: 8404932.

188. Pucheu S, Coudray C, Vanzetto G, Favier A, Machecourt J, de Leiris J.
Assessment of radical activity during the acute phase of myocardial infarction
following fibrinolysis: utility of assaying plasma malondialdehyde. Free Radic Biol
Med. 1995 Dec;19(6):873-81. doi: 10.1016/0891-5849(95)94361-g. PMID: 8582662.

189. Himmetoglu S, Dincer Y, Bozcali E, Ali Vural V, Akcay T. Oxidative DNA
damage and antioxidant defense after reperfusion in acute myocardial infarction. J
Investig Med. 2009 Apr;57(4):595-9. doi: 10.2310/JIM.0b013e31819d87c1. PMID:
19240647.

190. Berg K, Wiseth R, Bjerve K, Brurok H, Gunnes S, Skarra S, Jynge P, Basu S.
Oxidative stress and myocardial damage during elective percutaneous coronary
interventions and coronary angiography. A comparison of blood-borne isoprostane
and troponin release. Free Radic Res. 2004 May;38(5):517-25. doi:
10.1080/10715760410001688339. PMID: 15293560.

191. Berg K, Jynge P, Bjerve K, Skarra S, Basu S, Wiseth R. Oxidative stress and
inflammatory response during and following coronary interventions for acute
myocardial infarction. Free Radic Res. 2005 Jun;39(6):629-36. doi:
10.1080/10715760400028027. PMID: 16036341.

192. Mustafa Giir, Ali Yildiz, Recep Demirbag, Remzi Yilmaz, Altan Kog, Ekrem
Karakaya, Hakim Celik, Sahbettin Selek, Ozcan Erel. The effect of coronary
angioplasty on oxidative and antioxidative status. Turk Kardiyol Dern Ars. 2007,

35(1): 21-27



193. Sedlakova E, Racz O, Lovasova E, Beoda¢ka R, Kurpas M, Chmeléarova A,
Sedlak J, Studen¢an M. Markers of oxidative stress in acute myocardial infarction
treated by percutaneous coronary intervention. Open Med. 2009, 4, 26-31

194. Kijima Y, Hashimura K, Matsu-ura Y, Kato Y, Yasuda T, Ueda T, Orita Y,
Fukunaga M. Transcardiac 8-iso-prostaglandin F(2 alpha)generation from acute
myocardial infarction heart: insight into abrupt reperfusion and oxidant stress.
Prostaglandins Leukot Essent Fatty Acids. 2001 Mar;64(3):161-6. doi:
10.1054/plef.2001.0256. PMID: 11334551.

195. Reilly MP, Delanty N, Roy L, Rokach J, Callaghan PO, Crean P, Lawson JA,
FitzGerald GA. Increased formation of the isoprostanes IPF2alpha-I and 8-epi-
prostaglandin F2alpha in acute coronary angioplasty: evidence for oxidant stress
during coronary reperfusion in humans. Circulation. 1997 Nov 18;96(10):3314-20.
doi: 10.1161/01.¢ir.96.10.3314. PMID: 9396422.

196. Barja G. Mitochondrial oxygen radical generation and leak: sites of production
in states 4 and 3, organ specificity, and relation to aging and longevity. J Bioenerg
Biomembr. 1999 Aug;31(4):347-66. doi: 10.1023/a:1005427919188. PMID:
10665525.

197. Chen YR, Zweier JL. Cardiac mitochondria and reactive oxygen species
generation. Circ Res. 2014 Jan 31;114(3):524-37. doi:
10.1161/CIRCRESAHA.114.300559. PMID: 24481843; PMCID: PMC4118662.

198. Boengler K, Lochnit G, Schulz R. Mitochondria "THE" target of myocardial
conditioning. Am J Physiol Heart Circ Physiol. 2018 Nov 1;315(5):H1215-H1231.
doi: 10.1152/ajpheart.00124.2018. Epub 2018 Jul 13. PMID: 30004243.

199. Crestanello JA, Lingle DM, Kamelgard J, Millili J, Whitman GJ. Ischemic

preconditioning decreases oxidative stress during reperfusion: a chemiluminescence



study. J Surg Res. 1996 Sep;65(1):53-8. doi: 10.1006/jsre.1996.0342. PMID:
8895606.

200. Quarrie R, Lee DS, Steinbaugh G, Cramer B, Erdahl W, Pfeiffer DR, Zweier
JL, Crestanello JA. Ischemic preconditioning preserves mitochondrial membrane
potential and limits reactive oxygen species production. J Surg Res. 2012
Nov;178(1):8-17. doi: 10.1016/j.jss.2012.05.090. Epub 2012 Jun 17. PMID:
22763215; PMCID: PMC3470827.

201. Dhalla NS, Elmoselhi AB, Hata T, Makino N. Status of myocardial
antioxidants in ischemia-reperfusion injury. Cardiovasc Res. 2000 Aug 18;47(3):446-
56. doi: 10.1016/s0008-6363(00)00078-x. PMID: 10963718.

202. Ho E, Karimi Galougahi K, Liu CC, Bhindi R, Figtree GA. Biological markers
of oxidative stress: Applications to cardiovascular research and practice. Redox Biol.
2013 Oct 8;1(1):483-91. doi: 10.1016/j.redox.2013.07.006. PMID: 24251116;
PMCID: PMC3830063.

203. Benjamin N, O'Driscoll F, Dougall H, Duncan C, Smith L, Golden M,
McKenzie H. Stomach NO synthesis. Nature. 1994 Apr 7;368(6471):502. doi:
10.1038/368502a0. PMID: 8139683.

204. Lundberg JO, Weitzberg E, Lundberg JM, Alving K. Intragastric nitric oxide
production in humans: measurements in expelled air. Gut. 1994 Nov;35(11):1543-6.
doi: 10.1136/gut.35.11.1543. PMID: 7828969; PMCID: PMC1375608.

205. Zweier JL, Wang P, Samouilov A, Kuppusamy P. Enzyme-independent
formation of nitric oxide in biological tissues. Nat Med. 1995 Aug;1(8):804-9. doi:

10.1038/nm0895-804. PMID: 7585184.



206. Moncada S, Higgs A. The L-arginine-nitric oxide pathway. N Engl J Med.
1993 Dec 30;329(27):2002-12. doi: 10.1056/NEJM199312303292706. PMID:
7504210.

207. Ignarro LJ. Nitric oxide as a unique signaling molecule in the vascular system:
a historical overview. J Physiol Pharmacol. 2002 Dec;53(4 Pt 1):503-14. PMID:
12512688.

208. Lundberg JO, Govoni M. Inorganic nitrate is a possible source for systemic
generation of nitric oxide. Free Radic Biol Med. 2004 Aug 1;37(3):395-400. doi:
10.1016/j.freeradbiomed.2004.04.027. PMID: 15223073.

209. Nagababu E, Ramasamy S, Abernethy DR, Rifkind JM. Active nitric oxide
produced in the red cell under hypoxic conditions by deoxyhemoglobin-mediated
nitrite reduction. J Biol Chem. 2003 Nov 21;278(47):46349-56. doi:
10.1074/jbc.M307572200. Epub 2003 Sep 2. PMID: 12952953.

210. Shiva S, Huang Z, Grubina R, Sun J, Ringwood LA, MacArthur PH, Xu X,
Murphy E, Darley-Usmar VM, Gladwin MT. Deoxymyoglobin is a nitrite reductase
that generates nitric oxide and regulates mitochondrial respiration. Circ Res. 2007
Mar 16;100(5):654-61. doi: 10.1161/01.RES.0000260171.52224.6b. Epub 2007 Feb
9. PMID: 1729348]1.

211. Rassaf T, Flogel U, Drexhage C, Hendgen-Cotta U, Kelm M, Schrader J.
Nitrite reductase function of deoxymyoglobin: oxygen sensor and regulator of cardiac
energetics and function. Circ Res. 2007 Jun 22;100(12):1749-54. doi:
10.1161/CIRCRESAHA.107.152488. Epub 2007 May 10. PMID: 17495223.

212. Zhang Z, Naughton DP, Blake DR, Benjamin N, Stevens CR, Winyard PG,

Symons MC, Harrison R. Human xanthine oxidase converts nitrite ions into nitric



oxide (NO). Biochem Soc Trans. 1997 Aug;25(3):524S. doi: 10.1042/bst025524s.
PMID: 9388740.

213. Godber BL, Doel JJ, Sapkota GP, Blake DR, Stevens CR, Eisenthal R,
Harrison R. Reduction of nitrite to nitric oxide catalyzed by xanthine oxidoreductase.
J Biol Chem. 2000 Mar 17;275(11):7757-63. doi: 10.1074/jbc.275.11.7757. PMID:
10713088.

214, Millar TM, Stevens CR, Benjamin N, Eisenthal R, Harrison R, Blake DR.
Xanthine oxidoreductase catalyses the reduction of nitrates and nitrite to nitric oxide
under hypoxic conditions. FEBS Lett. 1998 May 8;427(2):225-8. doi: 10.1016/s0014-
5793(98)00430-x. PMID: 9607316.

215. Carlsson S, Wiklund NP, Engstrand L, Weitzberg E, Lundberg JO. Effects of
pH, nitrite, and ascorbic acid on nonenzymatic nitric oxide generation and bacterial
growth in urine. Nitric Oxide. 2001 Dec;5(6):580-6. doi: 10.1006/ni10x.2001.0371.
PMID: 11730365.

216. Peri L, Pietraforte D, Scorza G, Napolitano A, Fogliano V, Minetti M. Apples
increase nitric oxide production by human saliva at the acidic pH of the stomach: a
new biological function for polyphenols with a catechol group? Free Radic Biol Med.
2005 Sep 1;39(5):668-81. doi: 10.1016/j.freeradbiomed.2005.04.021. PMID:
16085185.

217. Gago B, Lundberg JO, Barbosa RM, Laranjinha J. Red wine-dependent
reduction of nitrite to nitric oxide in the stomach. Free Radic Biol Med. 2007 Nov
1;43(9):1233-42. doi: 10.1016/j.freeradbiomed.2007.06.007. Epub 2007 Jun 13.

PMID: 17893036.



218. Lundberg JO, Weitzberg E, Gladwin MT. The nitrate-nitrite-nitric oxide
pathway in physiology and therapeutics. Nat Rev Drug Discov. 2008 Feb;7(2):156-
67. doi: 10.1038/nrd2466. PMID: 18167491.

219. Giraldez RR, Panda A, Xia Y, Sanders SP, Zweier JL. Decreased nitric-oxide
synthase activity causes impaired endothelium-dependent relaxation in the
postischemic heart. J Biol Chem. 1997 Aug 22;272(34):21420-6. doi:
10.1074/jbc.272.34.21420. PMID: 9261157.

220. Ostergaard L, Stankevicius E, Andersen MR, Eskildsen-Helmond Y, Ledet T,
Mulvany MJ, Simonsen U. Diminished NO release in chronic hypoxic human
endothelial cells. Am J Physiol Heart Circ Physiol. 2007 Nov;293(5):H2894-903. doi:
10.1152/ajpheart.01230.2006. Epub 2007 Aug 24. PMID: 17720765.

221. Duranski MR, Greer JJ, Dejam A, Jaganmohan S, Hogg N, Langston W, Patel
RP, Yet SF, Wang X, Kevil CG, Gladwin MT, Lefer DJ. Cytoprotective effects of
nitrite during in vivo ischemia-reperfusion of the heart and liver. J Clin Invest. 2005
May;115(5):1232-40. doi: 10.1172/JCI22493. Epub 2005 Apr 14. PMID: 15841216;
PMCID: PMC1077170.

222. Webb A, Bond R, McLean P, Uppal R, Benjamin N, Ahluwalia A. Reduction
of nitrite to nitric oxide during ischemia protects against myocardial ischemia-
reperfusion damage. Proc Natl Acad Sci U S A. 2004 Sep 14;101(37):13683-8. doi:
10.1073/pnas.0402927101. Epub 2004 Sep 3. PMID: 15347817; PMCID:
PMC518813.

223. Baker JE, Su J, Fu X, Hsu A, Gross GJ, Tweddell JS, Hogg N. Nitrite confers
protection against myocardial infarction: role of xanthine oxidoreductase, NADPH

oxidase and K(ATP) channels. J Mol Cell Cardiol. 2007 Oct;43(4):437-44. doi:



10.1016/5.yjmcc.2007.07.057. Epub 2007 Jul 31. PMID: 17765919; PMCID:
PMC2735077.

224, Clementi E, Brown GC, Feelisch M, Moncada S. Persistent inhibition of cell
respiration by nitric oxide: crucial role of S-nitrosylation of mitochondrial complex I
and protective action of glutathione. Proc Natl Acad Sci U S A. 1998 Jun
23;95(13):7631-6. doi: 10.1073/pnas.95.13.7631. PMID: 9636201; PMCID:
PMC22706.

225. Burwell LS, Nadtochiy SM, Tompkins AJ, Young S, Brookes PS. Direct
evidence for S-nitrosation of mitochondrial complex I. Biochem J. 2006 Mar
15;394(Pt 3):627-34. doi: 10.1042/BJ20051435. PMID: 16371007, PMCID:
PMC1383712.

226. Dahm CC, Moore K, Murphy MP. Persistent S-nitrosation of complex I and
other mitochondrial membrane proteins by S-nitrosothiols but not nitric oxide or
peroxynitrite: implications for the interaction of nitric oxide with mitochondria. J Biol
Chem. 2006 Apr 14;281(15):10056-65. doi: 10.1074/jbc.M512203200. Epub 2006
Feb 14. PMID: 16481325.

227. Shiva S, Sack MN, Greer JJ, Duranski M, Ringwood LA, Burwell L, Wang X,
MacArthur PH, Shoja A, Raghavachari N, Calvert JW, Brookes PS, Lefer DJ,
Gladwin MT. Nitrite augments tolerance to ischemia/reperfusion injury via the
modulation of mitochondrial electron transfer. J Exp Med. 2007 Sep 3;204(9):2089-
102. doi: 10.1084/jem.20070198. Epub 2007 Aug 6. PMID: 17682069; PMCID:
PMC2118713.

228. Raff U, Ott C, John S, Schmidt BM, Fleischmann EH, Schmieder RE. Nitric

oxide and reactive hyperemia: role of location and duration of ischemia. Am J



Hypertens. 2010 Aug;23(8):865-9. doi: 10.1038/ajh.2010.72. Epub 2010 Apr 15.
PMID: 20395940.

229. Engler RL, Dahlgren MD, Peterson MA, Dobbs A, Schmid-Schénbein GW.
Accumulation of polymorphonuclear leukocytes during 3-h experimental myocardial
ischemia. Am J Physiol. 1986 Jul;251(1 Pt 2):H93-100. doi:
10.1152/ajpheart.1986.251.1.H93. PMID: 3089032.

230. Engler RL, Schmid-Schonbein GW, Pavelec RS. Leukocyte capillary plugging
in myocardial ischemia and reperfusion in the dog. Am J Pathol. 1983 Apr;111(1):98-
111. PMID: 6837725; PMCID: PMC1916203.

231. Jolly SR, Kane WJ, Hook BG, Abrams GD, Kunkel SL, Lucchesi BR.
Reduction of myocardial infarct size by neutrophil depletion: effect of duration of
occlusion. Am Heart J. 1986 Oct;112(4):682-90. doi: 10.1016/0002-8703(86)90461-8.
PMID: 3766367.

232. Mehta JL, Nichols WW, Mehta P. Neutrophils as potential participants in
acute myocardial ischemia: relevance to reperfusion. J] Am Coll Cardiol. 1988
Jun;11(6):1309-16. doi: 10.1016/0735-1097(88)90297-5. PMID: 3284944.

233. Schmid-Schonbein GW. The damaging potential of leukocyte activation in the
microcirculation. Angiology. 1993 Jan;44(1):45-56. doi:
10.1177/000331979304400108. PMID: 8380959.

234, Siminiak T, Flores NA, Sheridan DJ. Neutrophil interactions with endothelium
and platelets: possible role in the development of cardiovascular injury. Eur Heart J.
1995 Feb;16(2):160-70. doi: 10.1093/oxfordjournals.eurheartj.a060880. PMID:
7744086.

235. Ma XL, Weyrich AS, Lefer DJ, Lefer AM. Diminished basal nitric oxide

release after myocardial ischemia and reperfusion promotes neutrophil adherence to



coronary endothelium. Circ Res. 1993 Feb;72(2):403-12. doi:
10.1161/01.res.72.2.403. PMID: 8418991.

236. Tsao PS, Ma XL, Lefer AM. Activated neutrophils aggravate endothelial
dysfunction after reperfusion of the ischemic feline myocardium. Am Heart J. 1992
Jun;123(6):1464-71. doi: 10.1016/0002-8703(92)90796-x. PMID: 1595525.

237. Ma XL, Tsao PS, Viehman GE, Lefer AM. Neutrophil-mediated
vasoconstriction and endothelial dysfunction in low-flow perfusion-reperfused cat
coronary artery. Circ Res. 1991 Jul;69(1):95-106. doi: 10.1161/01.res.69.1.95. PMID:
2054945.

238. Higo K, Sano J, Karasawa A, Kubo K. The novel thromboxane A2 receptor
antagonist KW-3635 reduces infarct size in a canine model of coronary occlusion and
reperfusion. Arch Int Pharmacodyn Ther. 1993 May-Jun;323:32-49. PMID: 8250642.

239, Alloatti G, Montrucchio G, Emanuelli G, Camussi G. Platelet-activating factor
(PAF) induces platelet/neutrophil co-operation during myocardial reperfusion. J Mol
Cell Cardiol. 1992 Feb;24(2):163-71. doi: 10.1016/0022-2828(92)93152-a. PMID:
1583699.

240. Kukielka GL, Smith CW, Manning AM, Youker KA, Michael LH, Entman
ML. Induction of interleukin-6 synthesis in the myocardium. Potential role in
postreperfusion inflammatory injury. Circulation. 1995 Oct 1;92(7):1866-75. doi:
10.1161/01.¢ir.92.7.1866. PMID: 7671371.

241. Kukielka GL, Youker KA, Michael LH, Kumar AG, Ballantyne CM, Smith
CW, Entman ML. Role of early reperfusion in the induction of adhesion molecules
and cytokines in previously ischemic myocardium. Mol Cell Biochem. 1995 Jun 7-

21;147(1-2):5-12. doi: 10.1007/BF00944777. PMID: 7494554.



242, Biasucci LM, Vitelli A, Liuzzo G, Altamura S, Caligiuri G, Monaco C,
Rebuzzi AG, Ciliberto G, Maseri A. Elevated levels of interleukin-6 in unstable
angina. Circulation. 1996 Sep 1;94(5):874-7. doi: 10.1161/01.cir.94.5.874. PMID:
8790019.

243, Miyao Y, Yasue H, Ogawa H, Misumi I, Masuda T, Sakamoto T, Morita E.
Elevated plasma interleukin-6 levels in patients with acute myocardial infarction. Am
Heart J. 1993 Dec;126(6):1299-304. doi: 10.1016/0002-8703(93)90526-f. PMID:
8249785.

244, Ikonomidis I, Athanassopoulos G, Lekakis J, Venetsanou K, Marinou M,
Stamatelopoulos K, Cokkinos DV, Nihoyannopoulos P. Myocardial ischemia induces
interleukin-6 and tissue factor production in patients with coronary artery disease: a
dobutamine stress echocardiography study. Circulation. 2005 Nov 22;112(21):3272-9.
doi: 10.1161/CIRCULATIONAHA.104.532259. Epub 2005 Nov 14. PMID:
16286589.

245, Kinugawa K, Takahashi T, Kohmoto O, Yao A, Aoyagi T, Momomura S,
Hirata Y, Serizawa T. Nitric oxide-mediated effects of interleukin-6 on [Ca2+]i and
cell contraction in cultured chick ventricular myocytes. Circ Res. 1994
Aug;75(2):285-95. doi: 10.1161/01.res.75.2.285. PMID: 7518362.

246. Finkel MS, Hoffman RA, Shen L, Oddis CV, Simmons RL, Hattler BG.
Interleukin-6 (IL-6) as a mediator of stunned myocardium. Am J Cardiol. 1993 May
15;71(13):1231-2. doi: 10.1016/0002-9149(93)90654-u. PMID: 8480654.

247. Finkel MS, Oddis CV, Jacob TD, Watkins SC, Hattler BG, Simmons RL.
Negative inotropic effects of cytokines on the heart mediated by nitric oxide. Science.

1992 Jul 17;257(5068):387-9. doi: 10.1126/science.1631560. PMID: 1631560.



248. Sugishita K, Kinugawa K, Shimizu T, Harada K, Matsui H, Takahashi T,
Serizawa T, Kohmoto O. Cellular basis for the acute inhibitory effects of IL-6 and
TNF- alpha on excitation-contraction coupling. J Mol Cell Cardiol. 1999
Aug;31(8):1457-67. doi: 10.1006/jmcc.1999.0989. PMID: 10423344.

249, Prabhu SD. Cytokine-induced modulation of cardiac function. Circ Res. 2004
Dec 10;95(12):1140-53. doi: 10.1161/01.RES.0000150734.79804.92. PMID:
15591236.

250. Jing R, Long TY, Pan W, Li F, Xie QY. IL-6 knockout ameliorates
myocardial remodeling after myocardial infarction by regulating activation of M2
macrophages and fibroblast cells. Eur Rev Med Pharmacol Sci. 2019 Jul;23(14):6283-
6291. doi: 10.26355/eurrev_201907 18450. PMID: 31364133.

251. Didion SP. Cellular and Oxidative Mechanisms Associated with Interleukin-6
Signaling in the Vasculature. Int J Mol Sci. 2017 Nov 29;18(12):2563. doi:
10.3390/ijms18122563. PMID: 29186034; PMCID: PMC5751166.

252. Hashimoto Y, Hirohata S, Kashiwado T, Itoh K, Ishii H. Cytokine regulation
of hemostatic property and IL-6 production of human endothelial cells. Inflammation.
1992 Dec;16(6):613-21. doi: 10.1007/BF00919344. PMID: 1334048.

253. Hooper WC, Phillips DJ, Renshaw MA, Evatt BL, Benson JM. The up-
regulation of IL-6 and IL-8 in human endothelial cells by activated protein C. J
Immunol. 1998 Sep 1;161(5):2567-73. PMID: 9725257.

254, Marin V, Montero-Julian FA, Grés S, Boulay V, Bongrand P, Farnarier C,
Kaplanski G. The IL-6-soluble IL-6Ralpha autocrine loop of endothelial activation as
an intermediate between acute and chronic inflammation: an experimental model
involving thrombin. J Immunol. 2001 Sep 15;167(6):3435-42. doi:

10.4049/jimmunol.167.6.3435. PMID: 11544336.



255. Ali MH, Schlidt SA, Chandel NS, Hynes KL, Schumacker PT, Gewertz BL.
Endothelial permeability and IL-6 production during hypoxia: role of ROS in signal
transduction. Am J Physiol. 1999 Nov;277(5):L1057-65. doi:
10.1152/ajplung.1999.277.5.L.1057. PMID: 10564193.

256. Desai TR, Leeper NJ, Hynes KL, Gewertz BL. Interleukin-6 causes
endothelial barrier dysfunction via the protein kinase C pathway. J Surg Res. 2002
May 15;104(2):118-23. doi: 10.1006/jsre.2002.6415. PMID: 12020130.

257. Schrader LI, Kinzenbaw DA, Johnson AW, Faraci FM, Didion SP. IL-6
deficiency protects against angiotensin Il induced endothelial dysfunction and
hypertrophy. Arterioscler Thromb Vasc Biol. 2007 Dec;27(12):2576-81. doi:
10.1161/ATVBAHA.107.153080. Epub 2007 Oct 25. PMID: 17962626.

258. Gomolak JR, Didion SP. Angiotensin II-induced endothelial dysfunction is
temporally linked with increases in interleukin-6 and vascular macrophage
accumulation. Front Physiol. 2014 Oct 29;5:396. doi: 10.3389/fphys.2014.00396.
PMID: 25400581; PMCID: PMC4212611.

259. El Desoky ES, Hassan AKM, Salem SY, Fadil SA, Taha AF. Cardioprotective
effect of atorvastatin alone or in combination with remote ischemic preconditioning
on the biochemical changes induced by ischemic/reperfusion injury in a mutual
prospective study with a clinical and experimental animal arm. Int J Cardiol. 2016
Nov 1;222:866-873. doi: 10.1016/j.ijcard.2016.07.178. Epub 2016 Jul 29. PMID:
27522390.

260. Wang Q, Liu GP, Xue FS, Wang SY, Cui XL, Li RP, Yang GZ, Sun C, Liao
X. Combined Vagal Stimulation and Limb Remote Ischemic Perconditioning
Enhances Cardioprotection via an Anti-inflammatory Pathway. Inflammation. 2015

Oct;38(5):1748-60. doi: 10.1007/s10753-015-0152-y. PMID: 25772113.



261. Zhang J, Zhang J, Yu P, Chen M, Peng Q, Wang Z, Dong N. Remote
Ischaemic Preconditioning and Sevoflurane Postconditioning Synergistically Protect
Rats from Myocardial Injury Induced by Ischemia and Reperfusion Partly via
Inhibition TLR4/MyD88/NF-«kB Signaling Pathway. Cell Physiol Biochem.
2017;41(1):22-32. doi: 10.1159/000455815. Epub 2017 Jan 16. PMID: 28135708.

262. Ney J, Hoffmann K, Meybohm P, Goetzenich A, Kraemer S, Benstom C,
Weber NC, Bickenbach J, Rossaint R, Marx G, Zacharowski K, Bernhagen J, Stoppe
C. Remote Ischemic Preconditioning Does Not Affect the Release of Humoral Factors
in Propofol-Anesthetized Cardiac Surgery Patients: A Secondary Analysis of the
RIPHeart Study. Int J Mol Sci. 2018 Apr 5;19(4):1094. doi: 10.3390/ijms19041094.
PMID: 29621201; PMCID: PMC5979505.

263. Nederlof R, Weber NC, Juffermans NP, de Mol BA, Hollmann MW, Preckel
B, Zuurbier CJ. A randomized trial of remote ischemic preconditioning and control
treatment for cardioprotection in sevoflurane-anesthetized CABG patients. BMC
Anesthesiol. 2017 Mar 29;17(1):51. doi: 10.1186/s12871-017-0330-6. PMID:
28356068; PMCID: PMC5372281.

264. Gedik N, Kottenberg E, Thielmann M, Frey UH, Jakob H, Peters J, Heusch G,
Kleinbongard P. Potential humoral mediators of remote ischemic preconditioning in
patients undergoing surgical coronary revascularization. Sci Rep. 2017 Oct
4;7(1):12660. doi: 10.1038/s41598-017-12833-2. PMID: 28978919; PMCID:
PMC5627278.

265. E L, Jiang H, Lu Z. MicroRNA-144 attenuates cardiac ischemia/reperfusion
injury by targeting FOXO1. Exp Ther Med. 2019 Mar;17(3):2152-2160. doi:
10.3892/etm.2019.7161. Epub 2019 Jan 9. Erratum in: Exp Ther Med. 2020

Mar;19(3):1984. PMID: 30783480; PMCID: PMC6364149.



266. Zhang X, Wang X, Zhu H, Zhu C, Wang Y, Pu WT, Jegga AG, Fan GC.
Synergistic effects of the GATA-4-mediated miR-144/451 cluster in protection
against simulated ischemia/reperfusion-induced cardiomyocyte death. J] Mol Cell
Cardiol. 2010 Nov;49(5):841-50. doi: 10.1016/j.yjmcc.2010.08.007. Epub 2010 Aug
11. PMID: 20708014; PMCID: PM(C2949485.

267. Przyklenk K. microRNA-144: the 'what' and 'how' of remote ischemic
conditioning? Basic Res Cardiol. 2014;109(5):429. doi: 10.1007/s00395-014-0429-6.
Epub 2014 Jul 31. PMID: 25080349; PMCID: PMC4149218.

268. Yang G, Tang X, Tan L, Nong D, Yang P, Ning H. Upregulation of miR-144-
3p protects myocardial function from ischemia-reperfusion injury through inhibition
of TMEMI16A Ca2+-activated chloride channel. Hum Cell. 2021 Mar;34(2):360-371.
doi: 10.1007/s13577-020-00482-z. Epub 2021 Jan 15. PMID: 33452670.

269. Wang X, Zhu H, Zhang X, Liu Y, Chen J, Medvedovic M, Li H, Weiss MJ,
Ren X, Fan GC. Loss of the miR-144/451 cluster impairs ischaemic preconditioning-
mediated cardioprotection by targeting Rac-1. Cardiovasc Res. 2012 May
1;94(2):379-90. doi: 10.1093/cvr/cvs096. Epub 2012 Feb 21. PMID: 22354898;
PMCID: PMC3331614.

270. LiuZ, Ye P, Wang S, Wu J, Sun Y, Zhang A, Ren L, Cheng C, Huang X,
Wang K, Deng P, Wu C, Yue Z, Xia J. MicroRNA-150 protects the heart from injury
by inhibiting monocyte accumulation in a mouse model of acute myocardial
infarction. Circ Cardiovasc Genet. 2015 Feb;8(1):11-20. doi:
10.1161/CIRCGENETICS.114.000598. Epub 2014 Dec 2. PMID: 25466411

271. Krzywinska O, Bracha M, Jeanniere C, Recchia E, Ke¢dziora Kornatowska K,

Kozakiewicz M. Meta-Analysis of the Potential Role of miRNA-21 in Cardiovascular



System Function Monitoring. Biomed Res Int. 2020 Mar 31;2020:4525410. doi:
10.1155/2020/4525410. PMID: 32337248; PMCID: PMC7150722.

272. Cheng Y, Zhang C. MicroRNA-21 in cardiovascular disease. J Cardiovasc
Transl Res. 2010 Jun;3(3):251-5. doi: 10.1007/s12265-010-9169-7. Epub 2010 May
1. PMID: 20560046, PMCID: PMC3611957.

273. Kuehbacher A, Urbich C, Zeiher AM, Dimmeler S. Role of Dicer and Drosha
for endothelial microRNA expression and angiogenesis. Circ Res. 2007 Jul
6;101(1):59-68. doi: 10.1161/CIRCRESAHA.107.153916. Epub 2007 May 31.
PMID: 17540974.

274. Cheng Y, Liu X, Zhang S, Lin Y, Yang J, Zhang C. MicroRNA-21 protects
against the H(2)O(2)-induced injury on cardiac myocytes via its target gene PDCD4. J
Mol Cell Cardiol. 2009 Jul;47(1):5-14. doi: 10.1016/j.yjmcc.2009.01.008. Epub 2009
Jan 27. PMID: 19336275; PMCID: PMC3593965.

275. Dong S, Cheng Y, Yang J, LiJ, Liu X, Wang X, Wang D, Krall TJ, Delphin
ES, Zhang C. MicroRNA expression signature and the role of microRNA-21 in the
early phase of acute myocardial infarction. J Biol Chem. 2009 Oct 23;284(43):29514-
25. doi: 10.1074/jb¢.M109.027896. Epub 2009 Aug 25. PMID: 19706597; PMCID:
PMC2785585.

276. Yin C, Wang X, Kukreja RC. Endogenous microRNAs induced by heat-shock
reduce myocardial infarction following ischemia-reperfusion in mice. FEBS Lett.
2008 Dec 24;582(30):4137-42. doi: 10.1016/j.febslet.2008.11.014. Epub 2008 Nov
27. PMID: 19041309; PMCID: PMC3031789.

2717. Yin C, Salloum FN, Kukreja RC. A novel role of microRNA in late
preconditioning: upregulation of endothelial nitric oxide synthase and heat shock

protein 70. Circ Res. 2009 Mar 13;104(5):572-5. doi:



10.1161/CIRCRESAHA.108.193250. Epub 2009 Feb 12. PMID: 19213952; PMCID:
PMC3359791.

278. TuY,Wan L, Fan Y, Wang K, Bu L, Huang T, Cheng Z, Shen B. Ischemic
postconditioning-mediated miRNA-21 protects against cardiac ischemia/reperfusion
injury via PTEN/Akt pathway. PLoS One. 2013 Oct 3;8(10):¢75872. doi:
10.1371/journal.pone.0075872. PMID: 24098402; PMCID: PMC3789724.

279. Liu C, Zheng H, Xie L, Zhang J. Decreased miR-208 induced ischemia
myocardial and reperfusion injury by targeting p21. Pharmazie. 2016 Dec
1;71(12):719-723. doi: 10.1691/ph.2016.6740. PMID: 29442001.

280. Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling--concepts and clinical
implications: a consensus paper from an international forum on cardiac remodeling.
Behalf of an International Forum on Cardiac Remodeling. J] Am Coll Cardiol. 2000
Mar 1;35(3):569-82. doi: 10.1016/s0735-1097(99)00630-0. PMID: 10716457.

281. Tennant R, Wiggers CJ. The effect of coronary occlusion on myocardial
contraction. Am J Physiol Leg Content 1935;112(2):351-361.

282. Eaton LW, Bulkley BH. Expansion of acute myocardial infarction: its
relationship to infarct morphology in a canine model. Circ Res. 1981 Jul;49(1):80-8.
doi: 10.1161/01.res.49.1.80. PMID: 7237703.

283. Hochman JS, Bulkley BH. Expansion of acute myocardial infarction: an
experimental study. Circulation. 1982 Jun;65(7):1446-50. doi:
10.1161/01.cir.65.7.1446. PMID: 7074800.

284. Korup E, Dalsgaard D, Nyvad O, Jensen TM, Toft E, Berning J. Comparison
of degrees of left ventricular dilation within three hours and up to six days after onset
of first acute myocardial infarction. Am J Cardiol. 1997 Aug 15;80(4):449-53. doi:

10.1016/50002-9149(97)00393-7. PMID: 9285656.



285. Hassell ME, Vlastra W, Robbers L, Hirsch A, Nijveldt R, Tijssen JG, van
Rossum AC, Zijlstra F, Piek JJ, Delewi R. Long-term left ventricular remodelling
after revascularisation for ST-segment elevation myocardial infarction as assessed by
cardiac magnetic resonance imaging. Open Heart. 2017 May 22;4(1):€000569. doi:
10.1136/openhrt-2016-000569. PMID: 28861274; PMCID: PMC5577529.

286. Gaudron P, Eilles C, Kugler I, Ertl G. Progressive left ventricular dysfunction
and remodeling after myocardial infarction. Potential mechanisms and early
predictors. Circulation. 1993 Mar;87(3):755-63. doi: 10.1161/01.cir.87.3.755. PMID:
8443896.

287. White HD, Norris RM, Brown MA, Brandt PW, Whitlock RM, Wild CJ. Left
ventricular end-systolic volume as the major determinant of survival after recovery
from myocardial infarction. Circulation. 1987 Jul;76(1):44-51. doi:
10.1161/01.cir.76.1.44. PMID: 3594774.

288. Hutchins GM, Bulkley BH. Infarct expansion versus extension: two different
complications of acute myocardial infarction. Am J Cardiol. 1978 Jun;41(7):1127-32.
doi: 10.1016/0002-9149(78)90869-x. PMID: 665522.

289. Weisman HF, Bush DE, Mannisi JA, Bulkley BH. Global cardiac remodeling
after acute myocardial infarction: a study in the rat model. ] Am Coll Cardiol. 1985
Jun;5(6):1355-62. doi: 10.1016/s0735-1097(85)80348-x. PMID: 3158687.

290. Rumberger JA, Behrenbeck T, Breen JR, Reed JE, Gersh BJ. Nonparallel
changes in global left ventricular chamber volume and muscle mass during the first
year after transmural myocardial infarction in humans. J Am Coll Cardiol. 1993 Mar
1;21(3):673-82. doi: 10.1016/0735-1097(93)90100-f. PMID: 8436749.

291. Jugdutt BI. Effect of captopril and enalapril on left ventricular geometry,

function and collagen during healing after anterior and inferior myocardial infarction



in a dog model. ] Am Coll Cardiol. 1995 Jun;25(7):1718-25. doi: 10.1016/0735-
1097(95)00040-b. PMID: 7759729.

292. Anversa P, Olivetti G, Capasso JM. Cellular basis of ventricular remodeling
after myocardial infarction. Am J Cardiol. 1991 Nov 18;68(14):7D-16D. doi:
10.1016/0002-9149(91)90256-k. PMID: 1836099.

293. Hori M, Nishida K. Oxidative stress and left ventricular remodelling after
myocardial infarction. Cardiovasc Res. 2009 Feb 15;81(3):457-64. doi:
10.1093/cvr/cvn335. Epub 2008 Dec 1. PMID: 19047340.

294, Siwik DA, Colucci WS. Regulation of matrix metalloproteinases by cytokines
and reactive oxygen/nitrogen species in the myocardium. Heart Fail Rev. 2004
Jan;9(1):43-51. doi: 10.1023/B:HREV.0000011393.40674.13. PMID: 14739767.

295. Creemers EE, Cleutjens JP, Smits JF, Daemen MJ. Matrix metalloproteinase
inhibition after myocardial infarction: a new approach to prevent heart failure? Circ
Res. 2001 Aug 3;89(3):201-10. doi: 10.1161/hh1501.094396. PMID: 11485970.

296. LiJ, Cai SX, He Q, Zhang H, Friedberg D, Wang F, Redington AN.
Intravenous miR-144 reduces left ventricular remodeling after myocardial infarction.
Basic Res Cardiol. 2018 Aug 6;113(5):36. doi: 10.1007/s00395-018-0694-x. PMID:
30084039.

297. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M,
Christiaens T, Cifkova R, De Backer G, Dominiczak A, Galderisi M, Grobbee DE,
Jaarsma T, Kirchhof P, Kjeldsen SE, Laurent S, Manolis AJ, Nilsson PM, Ruilope
LM, Schmieder RE, Sirnes PA, Sleight P, Viigimaa M, Waeber B, Zannad F; Task
Force Members. 2013 ESH/ESC Guidelines for the management of arterial
hypertension: the Task Force for the management of arterial hypertension of the

European Society of Hypertension (ESH) and of the European Society of Cardiology



(ESC). J Hypertens. 2013 Jul;31(7):1281-357. doi:
10.1097/01.hjh.0000431740.32696.cc. PMID: 23817082.

298. Ikonomidis I, Tzortzis S, Andreadou I, Paraskevaidis I, Katseli C, Katsimbri
P, Pavlidis G, Parissis J, Kremastinos D, Anastasiou-Nana M, Lekakis J. Increased
benefit of interleukin-1 inhibition on vascular function, myocardial deformation, and
twisting in patients with coronary artery disease and coexisting rheumatoid arthritis.
Circ Cardiovasc Imaging. 2014 Jul;7(4):619-28. doi:
10.1161/CIRCIMAGING.113.001193. Epub 2014 Apr 29. PMID: 24782115.

299, Huttin O, Coiro S, Selton-Suty C, Juilliere Y, Donal E, Magne J, Sadoul N,
Zannad F, Rossignol P, Girerd N. Prediction of Left Ventricular Remodeling after a
Myocardial Infarction: Role of Myocardial Deformation: A Systematic Review and
Meta-Analysis. PLoS One. 2016 Dec 30;11(12):e0168349. doi:
10.1371/journal.pone.0168349. PMID: 28036335; PMCID: PMC5201304.

300. Waring AA, Litwin SE. Redefining Reverse Remodeling: Can
Echocardiography Refine Our Ability to Assess Response to Heart Failure
Treatments? J Am Coll Cardiol. 2016 Sep 20;68(12):1277-80. doi:
10.1016/j.jacc.2016.07.718. PMID: 27634118.

301. Sawa Y, Ichikawa H, Kagisaki K, Ohata T, Matsuda H. Interleukin-6 derived
from hypoxic myocytes promotes neutrophil-mediated reperfusion injury in
myocardium. J Thorac Cardiovasc Surg. 1998 Sep;116(3):511-7. doi: 10.1016/S0022-
5223(98)70018-2. PMID: 9731794.

302. Sun L, Fan F, Li R, Niu B, Zhu L, Yu S, Wang S, Li C, Wang D. Different
Erythrocyte MicroRNA Profiles in Low- and High-Altitude Individuals. Front
Physiol. 2018 Aug 14;9:1099. doi: 10.3389/fphys.2018.01099. PMID: 30154732;

PMCID: PMC6102482.



303. Hausenloy DJ, Tsang A, Yellon DM. The reperfusion injury salvage kinase
pathway: a common target for both ischemic preconditioning and postconditioning.
Trends Cardiovasc Med. 2005 Feb;15(2):69-75. doi: 10.1016/j.tcm.2005.03.001.
PMID: 15885573.

304. Reho JJ, Guo DF, Rahmouni K. Mechanistic Target of Rapamycin Complex 1
Signaling Modulates Vascular Endothelial Function Through Reactive Oxygen
Species. J] Am Heart Assoc. 2019 May 7;8(9):e010662. doi:
10.1161/JAHA.118.010662. PMID: 31020916; PMCID: PMC6512105.

305. Ikonomidis I, Iliodromitis EK, Tzortzis S, Antoniadis A, Paraskevaidis I,
Andreadou I, Fountoulaki K, Farmakis D, Kremastinos DT, Anastasiou-Nana M.
Staccato reperfusion improves myocardial microcirculatory function and long-term
left ventricular remodelling: a randomised contrast echocardiography study. Heart.
2010 Dec;96(23):1898-903. doi: 10.1136/hrt.2010.201681. PMID: 21062779.

306. Leung MC, Meredith IT, Cameron JD. Aortic stiffness affects the coronary
blood flow response to percutaneous coronary intervention. Am J Physiol Heart Circ
Physiol. 2006 Feb;290(2):H624-30. doi: 10.1152/ajpheart.00380.2005. Epub 2005
Sep 2. PMID: 16143654.

307. Pryds K, Nielsen RR, Jorsal A, Hansen MS, Ringgaard S, Refsgaard J, Kim
WY, Petersen AK, Batker HE, Schmidt MR. Effect of long-term remote ischemic
conditioning in patients with chronic ischemic heart failure. Basic Res Cardiol. 2017
Oct 25;112(6):67. doi: 10.1007/s00395-017-0658-6. PMID: 29071437.

308. Wei M, Xin P, Li S, Tao J, Li Y, Li J, Liu M, Li J, Zhu W, Redington AN.
Repeated remote ischemic postconditioning protects against adverse left ventricular

remodeling and improves survival in a rat model of myocardial infarction. Circ Res.



2011 May 13;108(10):1220-5. doi: 10.1161/CIRCRESAHA.110.236190. Epub 2011
Apr 7. PMID: 21474817.

309. Wilkinson IB, Franklin SS, Cockcroft JR. Nitric oxide and the regulation of
large artery stiffness: from physiology to pharmacology. Hypertension. 2004
Aug;44(2):112-6. doi: 10.1161/01.HYP.0000138068.03893.40. Epub 2004 Jul 19.
PMID: 15262901.

310. Elbadawi A, Awad O, Raymond R, Badran H, Mostafa AE, Saad M. Impact of
Remote Ischemic Postconditioning during Primary Percutaneous Coronary
Intervention on Left Ventricular Remodeling after Anterior Wall ST-Segment
Elevation Myocardial Infarction: A Single-Center Experience. Int J Angiol. 2017
Dec;26(4):241-248. doi: 10.1055/5-0037-1601870. Epub 2017 Apr 28. PMID:
29142491; PMCID: PMC5685795.

311. Iliodromitis EK, Gaitanaki C, Lazou A, Bofilis E, Karavolias GK, Beis I,
Kremastinos DT. Dissociation of stress-activated protein kinase (p38-MAPK and
JNKSs) phosphorylation from the protective effect of preconditioning in vivo. J Mol
Cell Cardiol. 2002 Aug;34(8):1019-28. doi: 10.1006/jmcc.2002.2039. PMID:
12234771.

312. [liodromitis EK, Kremastinos DT, Katritsis DG, Papadopoulos CC, Hearse DJ.
Multiple cycles of preconditioning cause loss of protection in open-chest rabbits. J
Mol Cell Cardiol. 1997 Mar;29(3):915-20. doi: 10.1006/jmcc.1996.0328. PMID:
9152852.

313. [liodromitis EK, Kyrzopoulos S, Paraskevaidis 1A, Kolocassides KG,
Adamopoulos S, Karavolias G, Kremastinos DT. Increased C reactive protein and
cardiac enzyme levels after coronary stent implantation. Is there protection by remote

ischaemic preconditioning? Heart. 2006 Dec;92(12):1821-6. doi:



10.1136/hrt.2006.089060. Epub 2006 Jul 19. PMID: 16855045; PMCID:

PMC1861265.



FIGURE LEGENDS

Figure 1: Double-cycle, single-cycle, and no bilateral cuff inflation protocols

Figure 2: Sideview darkfield imaging assessment of endothelial glycocalyx Dper: diameter of
perfusion; PBR: perfusion boundary region; RBC: red blood cell; RBCW: red blood cell width
a) Sideview darkfield (SDF) imaging utilises the light emitting diode (LED) light reflected
from haemoglobin to visualise the red blood cells (RBC) flowing in sublingual microvessels.
The lateral distribution of the observed RBC columns demarks the boundaries of the perfused
area of the vascular lumen, quantified by the Diameter of perfusion (Dper). Thus, an increased
Dper infers deeper RBC penetration and a reduced non-permeable endothelial component,
which signifies glycocalyx structural damage. b) The measurement process begins with image
capturing, where the perfused luminal area is depicted as dark contrast flow. c¢) Thereafter,
vascular segments are automatically identified. d) This is followed by RBC column width
(RBCW) calculation, the distribution of which is used to calculate the perfused area diameter
(Dperf) and the perfusion boundary region (PBR) according to the formula: PBR= (Dperf —

RBCW)/ 2.

Figure 3: Effects of remote conditioning on perfusion boundary region PBR: perfusion
boundary region (uM); RIC: remote ischemic conditioning. The vertical lines represent the
standard deviation of the mean. Two-way ANOVA for repeated measurements was applied
with the parameter of time (T0,T1,T2,T3) used as a within-subject factor, and single- versus
double-inflation, age, sex, BMI, dyslipidaemia, diabetes, hypertension, concomitant medical
treatments, MI location, myocardial enzymes and the number of diseased coronary vessels
(>70% stenosis) as between subject factors; ANCOVA was applied to investigate the effect of
the baseline values of the respective markers. Post hoc comparisons were performed with

Bonferroni correction and the adjusted p values for the comparison between TO versus T1, T2,



and T3 are shown. The interaction between RIC protocol [single- vs double-cycle vs no cuff
inflation (controls)] and changes of PBR over time were also examined, and the p values of the

interaction are shown.

Figure 4: Effects of remote conditioning on pulse wave velocity PWV (m/sec): pulse wave
velocity; RIC: remote ischemic conditioning. The vertical lines represent the standard deviation
of the mean. Two-way ANOVA for repeated measurements was applied with the parameter of
time (T0,T1,T2,T3) used as a within-subject factor, and single- versus double-inflation, age,
sex, BMI, dyslipidaemia, diabetes, hypertension, concomitant medical treatments, MI location,
myocardial enzymes and the number of diseased coronary vessels (>70% stenosis) as between
subject factors; ANCOVA was applied to investigate the effect of the baseline values of the
respective markers. Post hoc comparisons were performed with Bonferroni correction and the
adjusted p values for the comparison between TO versus T1, T2 and T3 are shown. adjusted
p values are shown. The interaction between RIC protocol [single- vs double-cycle vs no cuff
inflation (controls)] and changes of PBR over time were also examined, and the p values of the

interaction are shown.

Figure 5: Effects of remote conditioning on serum malondialdehyde levels MDA:
malondialdehyde (nmol/L); RIC: remote ischemic conditioning. The vertical lines represent
the standard deviation of the mean. Two-way ANOVA for repeated measurements was applied
with the parameter of time (T0,T1,T2,T3) used as a within-subject factor, and single- versus
double-inflation, age, sex, BMI, dyslipidaemia, diabetes, hypertension, concomitant medical
treatments, MI location, myocardial enzymes and the number of diseased coronary vessels
(>70% stenosis) as between subject factors; ANCOVA was applied to investigate the effect of
the baseline values of the respective markers. The interaction between RIC protocol [single- vs
double-cycle vs no cuff inflation (controls)] and changes of PBR over time were also examined,

and the p values of the interaction are shown.



Figure 6: Effects of remote post-conditioning in miR-144 expression RIC: remote ischemic
conditioning. The fold change in expression level compared to the housekeeping gene, U6bsn,
was calculated using the 2—AACt method. The vertical lines represent the standard deviation
of the mean. Two-way ANOVA for repeated measurements was applied with the parameter of
time (TO, T3) used as a within-subject factor, and single- versus double-inflation, age, sex,
BMI, dyslipidaemia, diabetes, hypertension, concomitant medical treatments, MI location,
myocardial enzymes and the number of diseased coronary vessels (>70% stenosis) as between
subject factors; ANCOVA was applied to investigate the effect of the baseline values of the
respective markers. The adjusted p values for the comparison between TO and T3 are shown.
The interaction between RIC protocol [single- vs double-cycle vs no cuff inflation (controls)]
and changes of PBR over time were also examined, and the p values of the interaction are

shown.

Figure 7: Effects of remote conditioning on LV remodelling LV: left ventricular, LVEDV: left
ventricular end-diastolic volume, LVESV: left ventricular end-systolic volume, RIC: remote
ischemic conditioning. The vertical lines represent the standard deviation of the mean. Two-
way ANOVA for repeated measurements was applied with the parameter of time (baseline, 1
year follow-up) used as a within-subject factor, and single- versus double-inflation, age, sex,
BMI, dyslipidaemia, diabetes, hypertension, concomitant medical treatments, MI location,
myocardial enzymes and the number of diseased coronary vessels (>70% stenosis) as between
subject factors; ANCOVA was applied to investigate the effect of the baseline values of the
respective markers. The interaction between RIC protocol [single- vs double-cycle vs no cuff
inflation (controls)] and changes of PBR over time were also examined, and the p values of the

interaction are shown.



TABLES

Table 1: Baseline patient characteristics

Patient Single-cycle Double-cycle Control p-value

characteristics RIC (n=90) RIC (n=90) (n=90)

Age (years) 53+16 54416 52+16 0.70

Sex (Male %) 72 (80%) 73(82%) 75 (83%) 0.69

BMI 27+4 27+5 27+5 0.72

Hypertension 24 (27%) 26 (29%) 27 (30%) 0.70

Diabetes mellitus 15 (17%) 15 (17%) 16 (18%) 0.74

Dyslipidemia 21 (24%) 23 (26%) 22 (25%) 0.69

Smoking 47 (53%) 49 (55%) 51 (56%) 0.60

1 vessel disease 38 (42%) 41 (46%) 40 (44%) 0.50

2 vessel disease 41 (46%) 40 (44%) 42 (47%) 0.31

3 vessel disease 11 (12%) 9 (10%) 8 (9%) 0.22

Infarct related artery

LAD 42 (47%) 43 (48%) 41 (46%) 0.40

Cx 23 (25%) 22 (24%) 21 (23%) 0.41

RCA 25 (28%) 25 (28%) 28 (31%) 0.21

hs-Troponin (ng/mL) | 3843 [991-9338] 3926 [600- 3890 [832- 0.31
10000] 10000]

Symptom to balloon 179 [133-280] 181 [131-279] 180 [135- 0.12

time (min) 278]
First medical contact 104 [80-130] 102 [79-131] 105 [82-129] 0.18

to balloon time (min)




WBC (/mcL) 8.790+2.577 8.540+2.588 8.680+2.592 0.20
CRP (mg/L) 19143 170+4 185+4 0.30

EF (%) 44413 46+14 46+10 0.50
Systolic BP (mmHg) 121+£18 120+17 122+19 0.70
Diastolic BP (mmHg) 78+15 79+14 80+14 0.77

control: no inflation; BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; Cx:
circumflex artery; EF: ejection fraction; hs-Troponin: high sensitivity Troponin; LAD: left
anterior descending artery; RCA: right coronary artery; RIC: remote ischemic conditioning;

WBC: white blood cells count



Table 2: Effects of RIC on endothelial glycocalyx integrity and aortic stiffness

Vascular Group TO T1 T2 T3

assessment

PBR (um) Single 2.31+0.05 2.05+0.04* 2.06+0.06* 2.06+0.05*
Double 2.34+0.04 2.04+0.06* 2.19+0.05* 2.21+0.06*
Control 2.32+0.07 2.32+0.08 2.31+0.1 2.32+0.09

PWV (m/s) Single 12.09+0.6 11.54+0.7* 11.39+0.7* 11.71£0.65*q
Double 12.06+0.5 11.57+0.6 11.37+0.7* 13.8+0.7*q
Control 11.7+0.8 11.6+1 11.6+1 11.7+1.5

PBR: perfusion boundary region; PWV: pulse wave velocity; TO: baseline; T1: after first cuff

inflation; T2: after second inflation (or omission of 2nd inflation); T3: 20 min after second (or

omission) inflation; controls=no inflation; *: p<0.05 for comparison with TO; q: p<0.05 for

single- vs double-cycle protocol




Table 3: Effects of RIC on oxidative stress, cumulative nitrate-nitrite levels, and miRs

expression
Biochemical Group TO T3
assessment
MDA (nmol/L) Single 2.57+0.16 2.08+0.14*
Double 2.61+0.15 2.13+0.15*
Control 2.540.29 2.540.18
NOx (umol/L) Single 8.25+1.18 11.1£2%9
Double 10.79+1.18 8.91+£2%q
Control 9.5+1 9.4+0.8
IL-6 (pg/ml) Single 6.55+4.02 6.78+4.21
Double 6.61+4.18 6.58+4.5
Control 6.54+4,26 6.63+4.19
miR-144(/U6sn) Single 7.4+0.7 55.9+0.8%
Double 7.65+0.5 39.87+0.7*9
Control 5+0.6 4.8+0.5
miR-150(/U6sn) Single 1.8+0.8 3.4+0.9*
Double 2.05+0.5 3.53+0.6*
Control 1.7+0.6 3.1£1.8
miR-499(/U6sn) Single 1.6+0.4 3.5+0.4%*
Double 1.72+0.5 2.96+0.4*
Control 1.4+0.3 1.8+0.3
miR-21(/U6sn) Single 1.2+0.3 2.1+0.3*
Double 1.28+0.4 2.18+0.5*




Control 1.1£0.3 1.3+0.3
miR-208(/U6sn) Single 1.9+0.5 2.4+0.4*

Double 1.99+0.4 2.36+0.4*

Control 1.8+0.4 2+0.3

TO: baseline; T3: 20 min after second (or omission of 2nd) inflation IL-6: interleukin-6;
MDA: malondialdehyde; NOx: nitrate-nitrite; *: p<0.05 for baseline vs T3; 9: p<0.05 for

single- vs double-cycle protocol



Table 4: Progression of LV remodelling within 12 months of the index event

group baseline 12 months p-value
LVEDV (mL) single 105+34 83£31%q 0.03
double 107429 100+£32* 0.04
control 110+29 104+32* 0.04
LVESV (mL) single 59431 49+£25%q 0.02
double 60+25 57254 0.06
control 63425 61259 0.06
LVEF (%) single 44+13 44+12 0.16
double 45+10 43+12 0.1
control 46+10 44+12 0.1

LVESV left ventricular end systolic volume LVEDYV, left ventricular end diastolic volume
LVEF left ventricular ejection fraction; *: p<0.05 for baseline vs 1 year follow up; : p<0.05

for single-cycle vs double-cycle or control (no inflation)
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Figure 5
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Abstract

Aims

Remote ischemic conditioning (RIC) alleviates ischemia—reperfusion injury via several
pathways, including micro-RNAs (miRs) expression and oxidative stress modulation. We
investigated the effects of RIC on endothelial glycocalyx, arterial stiffness, LV remodelling, and

the underlying mediators within the vasculature as a target for protection.

Methods and results
‘We block-randomised 270 patients within 48 h of STEMI post-PCI to either one or two cycles

of bilateral brachial cuff inflation, and a control group without RIC. We measured: (a) the
perfusion boundary region (PBR) of the sublingual arterial microvessels to assess glycocalyx
integrity; (b) the carotid-femoral pulse wave velocity (PWV); (¢) miR-144,-150,-21,-208,
nitrate-nitrite (NOx) and malondialdehyde (MDA) plasma levels at baseline (To) and 40 min
after RIC onset (T3); and (d) LV volumes at baseline and after one year. Compared to baseline,
there was a greater PBR and PWV decrease, miR-144 and NOx levels increase (p < 0.05) at T3
following single- than double-cycle inflation (PBR:AT0-T3 = 0.249 + 0.033 vs 0.126 +

0.034 um, p = 0.03 and PWV:0.4 + 0.21 vs —1.02 + 0.24 m/s, p = 0.03). Increased miR-150,-
21,-208 (p < 0.05) and reduced MDA was observed after both protocols. Increased miR-144
was related to PWV reduction (r = 0.763, p < 0.001) after the first-cycle inflation in both
protocols. After one year, single-cycle RIC was associated with LV end-systolic volume
reduction (LVESV) > 15% (odds-ratio of 3.75, p = 0.029). MiR-144 and PWV changes post-RIC
were interrelated and associated with LVESV reduction at follow-up (r = 0.40 and 0.37, p <
0.05), in the single-cycle RIC.

Conclusion
RIC evokes “vascular conditioning” likely by upregulation of cardio-protective microRNAs,

NOx production, and oxidative stress reduction, facilitating reverse LV remodelling.

Clinical Trial Registration

http://www.clinicaltrials.gov. Unique identifier: NCT03984123.
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