filnternational PhD program in Cardiovascular Pathophysiology and Therapeutics

Cardi oPaTho

BLOOD FLOW ATHEROSCLEROTIC PLAQUE

CARDIOVASCULAR RISK ASSESSMENTAND OUTCOMES: FROM
CHILDHOOD TO ADULTHOOD

iSenectus i psa est morbus?o

FABIO MARSICO






CARDIOVASCULAR RISK ASSESSMENT AND OUTCOMES: FROM CHILDHOOD TO
ADULTHOOD

ASenectus ipsa est morbus?o

FabioMarsico, 28/01/1984, Stigliano (Matera, Italy)

Naples, 21/01/201niversity Federico 1l of Naplegaculty of Medicine, Via Pansini n. 5,
80131 Naples (Italy)






TABLE OF CONTENTS

Chapter 1

PART 1

1. Introduction 6

1.1 Cardiovascular disease could start frochildhood 6

1.2.Congenital heart disease: from childhood to GUCH 8

References 11

16

Cardiovascular risk in adults could start from childhood:
how to detect early cardiovascular risk starting from
conventional and nonrconventional risk factors

Chapter 2

Chapter 3

NSAIDs and cardiovascular risk 17
Marsico F, Paolillo S, Perrone Filardi P
J Cardiovasc Med 2017;18:e413

Multicentre multi -device hybrid imaging study of 22

coronary artery disease: results from the EValuation

of INtegrated Cardiac Imaging for the Detection and

Characterization of Ischaemic Heart Disease (EVINCI)

hybrid imaging population

Liga R, Vontebol J, Rovai D, Marinelli M, Caselli C, Pietila M,
Teresinska A, AguadBruix S, Pizzi MN, Todiere G, Gimell,
Chiappino D, Marraccini P, Scheder S, Drosch T, Poddighe R, Casolo
G, Anagnostopoulos C, Pugliese F, Rouzet F, Le Guludec D, Cappelli
F, Valente S, Gensini GF, Zawaideh C, Capitanio S, Sambuceti G,
Marsico F, Perrone Filardi P, Fernand&olfin C, Rncon LM, Graner
FP, de Graaf MA, Stehli J, Reyes E, Nkomo S, Maki M, Lorenzoni V,
Turchetti G, Carpeggiani C, Puzzuoli S, Mangione M, Marcheschi P,
Giannessi D, Nekolla S, Lombardi M, Sicari R, Scholte AJ, Zamorano
JL, Underwood SR, Knuuti J, Kaufmann R¥eglia D, Gaemperli O;
EVINCI study Investigators

Eur Heart J Cardiovasc Imaging 2016;17:9960



Chapter 4 Glucose metabolism abnormalities in heart failure 33
patients: insights and prognostic relevance
Marsico F, Gargiulo P, Parente Raolillo S
Heart Fail Clinics (in press)

Chapter 5 Efficacy and safety of glucagorike peptide-1 59
agonists on macrovasular and microvascular
events in type 2 diabetes mellitus: a metanalysis
Gargiul o P, Sav ®eMasim F,G&und DHMamsicor e
F, Dellegrottaglie S, Marciano C, Trimarco B, Perrone Filardi P
Nutr Metab Cardiovasc Dis 2017;27:108D88

Chapter 6 Vitamin D deficiency and clinical outcome in 68
patients with chronic heart failure: a review
D 6 A mo rMarsidd F, Parente APaolillo S, De Martino F, Gargiulo
P, Ferrazzano F, De Roberto AM, La Mura L, Marciano C,
Dellegrottaglie S, Trimarco B, Perrone Filardi P
Nutr Metab Cardiovasc Dis 2017;27:88A9

PART 2 82
Cardiovascular risk in children: role of HIV in
cardiovascular disease

Chapter 7 Left ventricular function, epicardial adipose 83
tissue and carotid intimamedia thickness in
children and young adults with vertical HIV infection
Marsico F, LoVecchi o A, Paolill o S,
Bruzzese E, Vallone G, Deljeottaglie S, Marciano C, Trimarco B,
Guarino A, Perrone Filardi P
Under submission

C,



PART 3 104
Congenital heart disease: from childhood to adulthood
Chapter 8 Hypertrophic cardiomyopathy in mitochondrial 105
disorders: description of an uncommon clinical case
Marsico F, D6 Andr e a D€ Martin@aF, @apasse L, A ,
Raimondi F, Paolillo S, Dellegrottaglie S, Marciano C, Trimarco B,
Perrone Filardi P
Eur J Heart Fail 2017;19:1201204
Chapter 9 Cardiac imaging for prognostication in patients 110

Chapter 10.1

Chapter 10.2

Chapter 10.3

Chapter 11

with pulmonary hypertension: the accuracy of

magnetic resonance imaging versus echocardiography

and baseline values versus interval cmges

Marsico F, Wustmann K, Wahl A, Schwitz F, Goulouti E, Schenker S,
Mulchi K, Pichler Hefti J, Geiser T, Schwerzmann M

Draft

Predictors of cardiovascular outcomes in adult 151
patients with repaired coarctation

Marsico F, ToblerD, Greutnann M, Schwerzmann M, Wustmann K
Draft

Blood pressure profile evaluated by ambulatory 190
measurement and ambulatory blood pressure

monitoring in repaired CoA adult patients

Marsico F, Tobler D, Greutrann M, Schwerzmanhl, Wustmann K
Draft

Comparison of echocardiographic and cardiac 215
magnetic resonance aortic stiffness assessment

in adult patients with repaired CoA

Marsico F, Tobler D, Greutrann M, Schwerzmann M, Wustmann K
Draft

Discussion and conclusion 235



Curriculum vitae 240

List of publications 243

Acknowledgments 250






CHAPTER 1.

1. Introduction

Although themajor part of cardiovascular (CV) events in childhood are characterized by
congenital heart disease (CHD), there is a wide spectrum of CV events that start from
conventional CV risk factors that are present also in children, arriving to atherosclerotic
events, most of all in some particular populations (i.e. patients with rheumatic diseases,
obese patients, patients with Hlpatients with kidney diseasetc.). On theother hand,

the large use of soe pharmacological agents can play a role indénelopment of CV
events, generally atherosclerotithis aspect, that normally involve adult patients, could
affect also childrenThere is also a spectrum of causes related to ladute, that
generally involve adults, but that can start from childhddowever, CHD remain the
most common CV presentation in childhood. Thanks to progress in suaggngat part of
these patients arriveés adulthood, where they are included in anothassification called

grownup congenital heart disease (GUCH).

1.1.Cardiovasculardiseases couldtart from childhood

Atherosclerotic CV disease remains the leading cause of morbidity and mortality
worldwide, but manifest disease in childhaatt adolescence is raf®). By contrast, risk
factors responsible of atherosclerosis are present since childhoodutdpsyafindings in
The Bogalusa Heart Study and Pathobiological Determinants of Atherosclerosis in Youth

showed a strong relationship of vascular disease to traditional CV risk f@&®)rs his



observation provided irrefutable evidencetlod importance of act on modifiable CV risk
factors, such as cigarette smoking, hypercholesterolemia, hypertension, obesity and
diabeteg4i 6). On the other handhere are severaimergingCV risk factors, that have not

been widely studied (i.eC reactive protein, homocysteine, small dense low density
lipoprotein, oxidized low density lipoprotein, apoliproteins, lipoprotein a, fibrinogen)

and also som nonmodifiable atherosclerosidsk factors (i.e. age, gender, CV family

hi story), t hatcecbmpletelythgp@Vrbunden in ¢hitdhooderdsulting in a
great CV risk in adulthoodConsidered aelatively recently discovered CV risk factor,
common carotid artery intiramedia thickness (IMT) measured by ultrasound imaging,
represents a marker of primital atherosclerosis, correlating with vascular risk fac@irs

10), relating to the severity and extent of coronary artery disg)s&everal studies, in
particular in some specific conditions (i.e. obesity, HIV), have shown an increase of IMT
also in childhood11,12) Finally, a more recent parameter of CV risk has been studied,
epicardial adiposdissue (EAT), hat is part of the visceral faleposited within the
pericardic sac around the heart. EAT shares a common embryological origin with the intra
abdominal visceral adipose tissue and, as such, it is a metabolically active adipose tissue
(13,14) Hence, although EAT represents only 1% of the total body fat mass, it may be
important in the pathophysiology of CV disease, in particular in obese patients and in HIV
patients(13,14) Well known is the role of EAT in adult patients, instead weak is known
about its possik role in CV risk in childhood, in particular in HIV young patienibese

CV markers play an important role in a subclinical atherosclerosis, which can lead to



coronary artery disease. For this reason, very important is also the role of imaging
techniques to detect very early subclinical coronary artery disease, to treat as soon as
possible CV disease, for a better prognos$isere is also a large part of iatroge CV

events, that could start from childhood, but that generally are more frequent in adult
patients, due to the large use of some medications in adulthood. In particular, in patients
with rheumatic diseases, that could be present also in childhooeljsreewide use of nen

steroid antinflammatory drugs (NSAIDs), that have many side effects, not only on
gastrointestinal system, but also crdiac level(15), increasing the risk of iselmic
disease and heart failurA&.l t hough heart failure is typica
many situations related to its development that can start since childhood. First of all, many
CHD couldlead to heart failurealso HIV infection could be related to left ventricular
dysfundion, but there are also many other causes of heart failure development, that go
from some CV risk factors implicated not only in atherosclerotic events (i.e. diafiéies)

18), to a deficiency of somfactors(one of the most important is vitamin [0)9). There

are two points to define in these cases: first of all, these two caasestart since
childhood, leading to CV events very eargnd secondary, there are new treatment
approach for diabetes (i.@hibitors ofsodium glucose etransporte2, and glucagotike
peptidel agonists)(16i 18) and also vitamin D supplementati¢®0,21) that could be
responsible of a regression of CV events in these patients.

1.2.Congenital heart disease: from childhood to GUCH

CHD is the most common cause of major congenital anomalies, and 28% of all major



congenital anomalies consist of heart defé2523) Reported birth prevalence of CHD
varies widely among studies worldwide. The estimate of 8 per 1,000 live births is generally
accepted as the best approximatii@p,24) A reliable classification of CHD should be the

one that define a cyanotic pattern, or dilidependent classification, considering an
important role of ductus arteriosus in the survival of these patiémtthe group of
congenital heart disease, there are also some known mutations, that involve the heart,
leading to some pattern of cardiomytipathat sometimes are incompatible with survival.
One of these are the mitochondrial disorders, which are generally associated with
congenital hypertrophic cardiomyopathy, with a fatal progndgithout a treatment, most
defects of moderate or great cdeyty have a bleak prognosi®5). Thanks to the
progress in cardiac surgery, since many years, a great part of patients born with CHD,
reach adulthood, creating a completelgw and steadily growing patient population:
patients with growsup congenital heart disease (GUCER). It is estimated that about

90% of affected children are expected to survive to adulti{@6y with an estimated
prevalence of CHD of 4 per 1,000 adul®y). Patients with GUCH often need |lotgrm

expert medical care and healthcastated costs are hig8). In fact, it is recognized that

CHD is associated with lifelong comorbidity that affect healthcare cobes.impact of
ongoing disease burden includes atrial arrhythmias, pulmonary hypertension, arterial
hypertension, heart failure, cerebrovascular events, coronary events, and a repeated need
for surgery, which results in significant increase in health sesviutilization during

childhood, transition years, adulthood, and geriatric age d28)pA particular mention



is due to pulmonary hypertension, that is present in most part ofdéiatts, and that is
responsible of a bad prognosis in thesegpdsi and arterial hypertension, that is a common
complication in patients with coarctation of the ag@aA), and that worsen the prognosis

in these patients.

10



References

1. Articles S. ExperPanel on Integrated Guidelines for Cardiovascular Health and Risk
Reduction in Children and Adolescents: Summary Report. Pediatrics [Internet].
2011;128(Supplement):S2156. Available from:
http://pediatrics.aappublications.org/cgi/doi/10.1542/peds 2009 C

2. Berenson GS. Cardiovascular Risk Begins in Childhood. A Time for Action. Am J
Prev Med [Internet]. 2009;37(1 SUPPL.)i21 Available from:
http://dx.doi.org/10.1016/j.amepre.2009.04.018

3. Berenson GS, Srinivasan S, Bao W, Newman WP, Tracy Rittigaey W.
Association Between Multiple Cardiovascular Risk Factors and Atherosclerosis in
Children and Young Adults. N Engl J Med. 1998;338: 150

4. Libby P. Changing concepts of atherogenekistern Med. 2000;247(3):3498.

5. Dawber TR, KanneWB. The Framingham study. An epidemiological approach to
coronary artery disease. Circulation. 1286553 555.

6. Kannel WB, McGee D, Gordon T. A general cardiovascular risk profile: The
Framingham study. Am J Cardiol. 1976;38(1):85.

7. Fruchart 3. New Risk Factors for Atherosclerosis and Patient Risk Assessment.
Circulation [Internet]. 2004;109(23_suppl_21):u5-111-19. Available from:
http://circ.ahajournals.org/cgi/doi/10.1161/01.CIR.0000131513.33892.5b

8. Raitakari OT, Juonala M, Kahonen Maittonen L, Laitinen T, Makirorkko N, et al.
Cardiovascular risk factors in childhood and carotid artery intimedia thickness in

adulthoodJama. 2003;290(17):22i783.

11



9. Poli A., Tremoli E., Colombo A., Sirtor M., Pignoli Remphet alUltrasonographic
measurement of the common carotid artery wall thickness iperhkiolesterolemic
patients. Anew model for the quantitation and follayp of preclinical atherosclerosis in
living human subjects. Atherosclerosis. 1988;70(3)i 833

10. Dek R, Williams L, Health K. Clinical Investigation Carotid Arteriosclerosis in
Identical Twins Discordant for Cigarette Smoking. Circulation. 1989;8®.10

11. Charakida M, Donald AE, Green H, Storry C, Clapson M, Caslake M, et al. Early
structural and factional changes of the vasculature in HiWected children: Impact of
disease and antiretroviral therapy. Circulation. 2005;112(1)9.03

12. Idris NS, Grobbee DE, Burgner D, Cheung MMH, Kurniati N, Uiterwaal CSPM.
Effects of paediatric HIV infection ro childhood vasculature. Eur Heart J.
2016;37(48):36106.

13. Manco M, Morandi A, Marigliano M, Rigotti F, Manfredi R, Maffeis C. Epicardial fat,
abdominal adiposity and insulin resistance in obeseppbertal and early pubertal
children.  Atherosclerosi [Internet]. 2013;226(2):496.  Available  from:
http://dx.doi.org/10.1016/j.atherosclerosis.2012.11.023

14. lacobellis G, Bianco AC.Epicardial adipose tissue: emergin physiological,
pathophysiologicaand clinical featuresTrends Endocrinol Metab 202R:450457.

15. Scott PA, Kingsley GH, Smith CM, Choy EH, Scott DL. Nsteroidal anti
inflammatory drugs and myocardial infarctions: Comparative systematic review of
evidence from observational studies and randomised controlled &iats Rheum Dis.

2007:66(10):1296304.

12



16. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.
Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med
[Internet]. 2015;373(22):211728. Available from:
http://www.nejm.org/doi/10.1056/NEJMoal1504720

l7.Savarese G, DOAmore C, Federici M, De Mar
al. Effects of Dipeptidyl Peptidase 4 Inhibitors and Sodi@iacose Linked coTransporter

2 Inhibitors on cardiovascular ents in patients with type 2 diabetes mellitus: A meta
analysis. Int J Cardiol [Internet]. 2016;220:5881. Available from:
http://dx.doi.org/10.1016/j.ijcard.2016.06.208

18. Chamberlain JJ, Rhinehart AS, Shaefer CF, Neuman A. Diagnosis and management of
diabetes: Synopsis of the 2016 American diabetes association standards of medical care in
diabetes. Ann Intern Med. 2016;164(8):582.

19. Anderson JL, May HT, Horne BD, Bair TL, Hall NL, Carlquist JF, et al. Relation of
vitamin D deficiency to cardi@ascular risk factors, disease status, and incident events in a
general healthcare population. Am J Cardiol [Internet]. 2010;106(7)3968vailable

from: http://dx.doi.org/10.1016/j.amjcard.2010.05.027

20. Donneyong MM, Hornung CA, Taylor KC, Baumgartix, Myers JA, Eaton CB, et

al. Risk of heart failure among postmenopausal women a secondary analysis of the
randomi zed trial of Vitamin D plus <cal cium
Fail. 2015;8(1):4856.

21. Scragg R, Stewart AW, Waayer Dawes CMM, Toop L, Sluyter J, et al. Effect of

Monthly High-Dose Vitamin D Supplementation on Cardiovascular Disease in the Vitamin

13



D Assessment Study. JAMA Cardiol [Internet]. 2017;2(6):608. Available from:
http://cardiology.jamanetwork.com/article.aspa2d 0.1001/jamacardio.2017.0175

22. Van Der Linde D, Konings EEM, Slager MA, Witsenburg M, Helbing WA,
Takkenberg JJM, et al. Birth prevalence of congenital heart disease worldwide: A
systematic review and megtenalysis. J Am Coll Cardiol [Internet]. 2058(21):22417.
Available from: http://dx.doi.org/10.1016/j.jacc.2011.08.025

23. Dolk H, Loane M, Garne E. Congenital heart defects in Europe: Prevalence and
perinatal mortality, 2000 to 2005. Circulation. 2011;123(8)i®41

24. Bernier PL, Stefanescu ,ASamoukovic G, Tchervenkov CIl. The challenge of
congenital heart disease worldwide: Epidemiologic and demographic facts. Semin Thorac
Cardiovasc Surg Pediatr Card Surg Annu [Internet]. 2010;13{13426Available from:
http://dx.doi.org/10.1053/j.pcsu.20D2.005

25. Warnes CA, Liberthson R, Danielson GK, Dore A, Harris L, Hoffman Jl, et al. Task
force 1: the changing profile of congenital heart disease in adult life. J Am Coll Cardiol
[Internet]. 2001;37(5):117®. Available from: http://dx.doi.org/10.16/S0735
1097(01)01272

26. Moons P, Bovijn L, Budts W, Belmans A, Gewillig M. Temporal trends in survival to
adulthood among patients born with congenital heart disease from 1970 to 1992 in
Belgium. Circulation. 2010;122(22):22642.

27. Khairy P, loresculttu R, MacKie AS, Abrahamowicz M, Pilote L, Marelli AJ.
Changing mortality in congenital heart disease. J Am Coll Cardiol [Internet].

2010;56(14):114%67. Available from: http://dx.doi.org/10.1016/j.jacc.2010.03.085

14



28. Somerville J. Growsup congeital heart disease medical demands look back, look
forward. 2000;

29. Marelli AJ, lonesctittu R, Mackie AS, Guo L, Dendukuri N, Kaouache M. Lifetime
prevalence of congenital heart disease in the general population from 2000 to 2010.

Circulation. 2014;16(9):749 56.

15



PART 1

Cardiovascular risk in adults could start from childhood: how to detect early
cardiovascular risk starting from conventional and nonrconventional risk factors.

16



CHAPTER 2.

NSAIDs and cardiovascularrisk

Marsico F, Paolillo S, Perrone Filardi P

J Cardiovasc Med 2017;18:e413

17



CCC 2016 proceedings from CLI Foundation

Centro per la Lotta contro
Infarto - CLI Foundation

www.centrolottainfarto.

Federazione Italiana di Cardiologia
Italian Federation of Cardiology

.
e

NSAIDs and cardiovascular risk
Fabio Marsico, Stefania Paolillo and Pasquale P. Filardi

NSAIDs are the most largely used class of drugs in the
world, due to their large use in many diseases, in
particular for the systemic inflammatory diseases.
Nevertheless, today NSAIDs are less used for some

of these diseases, due to several side-effects correlated
to these drugs. The antiinflammatory mechanism of
NSAIDs consist in the inibhition of two forms of
cyclooxygenase, namely COX-1 (its block contributes

to an antiplatelet effect) and COX-2 (its block has a
greater antiinflammatory, antipyretic and analgesic
effect). The COX-2 inhibition might reduce the risk of
gastrointestinal toxicity, but several studies have shown
the cardiovascular side effects of this inhibition.
Mechanisms of the cardiovascular side effects are
controversial yet, so the aim of this document is to review

Introduction

NSAIDs are a largely used class of drugs, maybe the most
widely used in the world, because of implicated to treat
pain in many different discases. In many countries (i.c.,
the United States, Germany, Sweden, Spain, and others),
some of them (most often ibuprofen, naproxen, and
diclofenac) can also be purchased as over-the-counter
medicines in supermarkets, at gas stations, and conven-
ience stores without any expert advice on their use or
potential side-effects.’ In patients with systemic inflam-
matory discases, NSAIDs play an important role as
analgesics and anti-inflammartory effects.”® Nevertheless,
today NSAIDs are less used in systemic inflammatory
discases patients as first-line treatment because of their
inability to control disease progression and several side-
effects, particular at gastrointestinal® and cardiac® level.
Aim of this document is to review side-cffects profile of
NSAIDs and, specifically, to investigate cardiovascular
consequences of NSAIDs use in clinical practice.

Mechanisms of action and side-effects profile
NSAIDs inhibit the two recognized forms of cyclooxy-
genase, namely COX-1 and COX-2, blocking prostaglan-
din and prostacyclin biosynthesis.® By inhibiting COX-1,
NSAIDs as aspirin, reduce thromboxane production, and
this contributes to their antiplatelet effect. By more
effectively inhibiting COX-2, other NSAIDs, as ibupro-
fen, naproxen, diclofenac, and COX-2 selective inhibi-
tors, known as coxibs, havc relatively greater anti-
inflammatory, antipyretic, and analgesic effects.” The
adverse cffect profile of nonsclective NSAIDs primarily
includes bleeding, particularly gastrointestinal bleeding,
which is thought to result from gastric irritation,

1558-2027 © 2017 ltalian Federation of Cardiology. All rights reserved.

side-effects profile of NSAIDs and, specifically, to
investigate cardiovascular consequences of NSAIDs use
in clinical practice.
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antiplatelet effects, and the

mediated mucosal repair.®

loss of prostaglandin-

COX-1 is expressed constitutively in most tissues,
whereas COX-2 is induced primarily by inflammation
and in response to shear stress on endothelial tissues.”
Thus, the largest part of gastrointestinal side-cffects of
NSAIDs is because of COX-1 inhibition, whereas
NSAIDs, which selectively inhibit COX-2, might reduce
the risk of gastrointestinal toxicity. Coxibs were devel-
oped in the 1990s, and early trials comparing coxibs vs.
traditional NSAIDs scemed to confirm similar analgesic
efficacy and less gastrointestinal toxicity.'™'" Unfortu-
nately, subsequent placebo-controlled trials showed
unequivocally that coxibs are associated with an
increased risk of atherothrombotic vascular events.

Cardiovascular safety on NSAIDs is highly controver-
sial. For several coxibs, randomized placebo-controlled
clinical trials have demonstrated an increased risk of
scrious cardiovascular disc 12=1 r, there is

asc. 3 Howe
considerable uncertainty with regard to cardiovascular
safety of the older traditional NSAIDs.'® Mcta-analyses
of obscrvational studies'”'® suggested that cardiovas-
cular risk varies for individual drugs in this class, with
diclofenac associated with greater risk than naproxen.
Otherwise, meta-analysis of clinical trials'® reported a
greater risk of both diclofenac and ibuprofen over
naproxen (T'able 1). Subsequent observational studies
demonstrated an association between ischemic cardio-
vascular events and the use of nonselective and more
commonly available NSAIDs, such as ibuprofen and
diclofenac, especially when taken at higher doses and
by patients with known cardiovascular discase.'®'?
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