N

N

Heart failure in France: chronic heart failure
therapeutic management and risk of cardiac
decompensation in real-life setting

Pauline Bosco-Lévy

» To cite this version:

Pauline Bosco-Lévy. Heart failure in France: chronic heart failure therapeutic management and risk
of cardiac decompensation in real-life setting. Human health and pathology. Université de Bordeaux,
2019. English. NNT: 2019BORD0348 . tel-02485638

HAL Id: tel-02485638
https://theses.hal.science/tel-02485638
Submitted on 20 Feb 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://theses.hal.science/tel-02485638
https://hal.archives-ouvertes.fr

. L BORDEAUX
Unlver5|te POPULATION
BORDEAUX HEALTH

Centre de
Recherche - U1219

THESE

Pour I'obtention du grade de

DOCTEUR DE L'UNIVERSITE DE BORDEAUX

Ecole Doctorale SP2 : Société, Politique, Santé Publique
Discipline Pharmacoépidémiologie
MEDICAMENT ET SANTE DES POPULATIONS INSERM CR1219
PLATEFORME BORDEAUX PHARMACOEPI INSERM CIC1401

par Pauline BOSCO

L’INSUFFISANCE CARDIAQUE EN FRANCE

Etude de la prise en charge thérapeutique et du risque de
décompensation en vie réelle

HEART FAILURE IN FRANCE

Chronic heart failure therapeutic management and risk of cardiac
decompensation in real-life setting

Sous la direction de Nicholas Moore
Et la co-direction de Sebastian Schneeweiss

Présentée et soutenue publiquement le 13 Décembre 2019

Composition du jury

Mr le Pr Antoine PARIENTE Président
Mr le Dr Fabien DESPAS Rapporteur
Mr le Dr Jean-Philippe EMPANA Rapporteur
Mr le Pr Jean-Sébastien HULOT Examinateur
Mr le Pr Damien LOGEART Examinateur
Mr le Pr Nicholas MOORE Directeur

Mr le Pr Sebastian SCHNEEWEISS Co-Directeur






REMERCIEMENTS - AKNOWLEDGEMENT

A mon directeur de thése, Monsieur le Professeur Nicholas Moore,
Merci de votre disponibilité et de votre encadrement tout au long de cette thése.
Vous avez su me guider en me faisant part de vos brillantes intuitions tout en

m’encourageant a prendre des initiatives et a affirmer mon autonomie.

To my thesis co-director, Professor Sebastian Schneeweiss,
Thank you for having initiated this work and for the honor of having accepted to

participate in this thesis jury.

Aux membres du jury, Messieurs Fabien Despas, Jean-Philippe Empana, Jean-
Sébastien Hulot, Damien Logeart, et Antoine Pariente,
Je vous remercie de l'intérét que vous portez a ce travail et je suis trés honorée que

vous ayez accepté de juger cette thése.

A toute I'équipe de la BPE, et plus particulierement a Cécile, Patrick, Nicolas, Angéla,
Régis, Clélia et Jérémy,

Ce travail n'aurait pas pu voir le jour sans votre aide, et je vous en remercie. Vous
avez toujours fait preuve d’optimisme et de bienveillance méme lors des moments les plus
critiques, et c’est grace a votre implication et votre disponibilité que jai (enfin) pu apposer
un point final a ce travail. J’ai eu et j'ai toujours beaucoup de plaisir a travailler avec chacun
de vous et je me sens trés honorée de faire partie de cette belle équipe professionnelle

pour les prochaines années a venir.

Au service de Pharmacologie de la Zone Nord, et plus particulierement a Antoine,
Ciccio, Annie, Julien, Pernelle, Anne, Sandy et Marine,

Merci de m’avoir accompagnée au cours de toutes ces années d'initiation a la
pharmacologie. Votre gentillesse et bonne humeur n’ont rendu l'apprentissage de la
discipline que plus agréable encore.



A ma famille et mes amis,

Merci pour votre présence et votre amitié indéfectible. Un merci tout particulier a la
famille Prince, qui s’est rendue disponible, parfois au pied leveé, pour des sessions de baby
sitting!

A Clément,

Merci pour ton soutien infaillible et inestimable depuis toutes ses années. En plus de
m’avoir assistée dans I'accouchement long et difficile de cette thése, tu as contribué a la
naissance de nos deux petites merveilles qui aujourd’hui, comblent de bonheur chaque jour

de notre quotidien.



ABSTRACT

In France, around one million persons would be affected by heart failure (HF); there are
nearly 70 000 deaths related to HF and more than 150 000 hospitalizations despite a well
defined treatment management. These numbers should increase in the next years due in
particular to the ageing of the population.

The objective of this work was to study the use of the pharmacological treatments indicated
in HF (beta-blocker, angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, aldosterone antagonist, diuretics, digoxin, ivabradine) in real-world setting and to
identify the clinical or pharmacological predictors associated with a new episode of cardiac
decompensation.

A first work has enabled to estimate the accuracy of French claims databases in identifying
HF patients.

A second study estimated that 17 to 37% HF patients were not exposed to any HF
treatment in the year following an incident HF hospitalization.

The third and fourth parts of this thesis showed that almost one forth of HF patients was
rehospitalized within the 2 years following a first hospitalization. The main clinical predictors
of rehospitalization were age, high blood pressure, atrial fibrillation and diabetes. The
association found between bivalent iron use and HF rehospitalization underlines the
importance of the risk related to anemia or iron deficiency in the occurrence of a cardiac
exacerbation episode.

These results allow to reconsider the treatment management of HF patients and highlight
the need to reinforce the surveillance of patients with a highest risk of cardiac exacerbation.

Key words
Pharmacoepidemiology; Heart Failure; Claims database; Cardiac decompensation

Title
Heart failure in France: chronic heart failure therapeutic management and risk of cardiac
decompensation in real-life setting



RESUME

En France, environ un million de personnes seraient touchées par l'insuffisance cardiaque
(IC) ; on recense prés de 70 000 déces liés a I'lC, et plus de 150 000 hospitalisations et
cela, malgré une prise en charge thérapeutique bien codifiée. Ces chiffres devraient
s’accroitre dans les années futures du fait notamment du vieillissement de la population.
L’objectif de ce travail était d’étudier I'utilisation des traitements pharmacologiques indiqués
dans le traitement de I'IC (beta bloquant, inhibiteur de I'enzyme de conversion, anti-
aldostérone, antagoniste des récepteurs a l'angiotensine |Il, diurétiques, digoxine,
ivabradine) en situation réelle de soin, et d’identifier les facteurs cliniques ou
pharmacologiques associés a la survenue d’un épisode de décompensation cardiaque.

Un premier travail a permis de mesurer la fiabilité des bases de données médico-
administratives frangaises pour identifier des patients IC.

Une deuxiéme étude a permis d’estimer que 17 a 37% de patients IC n’étaient exposés a
aucun traitement de I'lC dans I'année suivant une premiére hospitalisation pour IC.

Les troisieme et quatrieme parties de cette thése ont mis en évidence qu’environ un quart
des patients IC étaient réhospitalisés dans les 2 ans suivant une premiére hospitalisation.
Les principaux facteurs cliniques prédictifs de cette réhospitalisation étaient I'age,
I'hypertension artérielle, la fibrillation auriculaire et le diabéte. L’association retrouvée entre
I'utilisation de fer bivalent et la réhospitalisation pour IC, souligne I'importance du risque lié
a la présence d’'une anémie ou d’'une déficience en fer dans la survenue d’un épisode de
décompensation cardiaque.

Ces résultats permettent de reconsidérer la prise en charge thérapeutique chez les patients
IC et mettent en avant la nécessité de renforcer la surveillance des patients les plus a
risque de décompenser leur IC.

Mots clés
Pharmacoépidémiologie ; Insuffisance Cardiaque ; base de données medico-administrative;
décompensation cardiaque

Titre
L’insuffisance cardiaque en France : étude de la prise en charge thérapeutique et du risque

de décompensation en vie réelle
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Transthoracic Echocardiography

Systéme National des données de Santé (National healthcare insurance
system database)

95% Confidence Interval
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1. CONTEXT

12



1.1.Diagnosis and clinical aspects

According to the European Society of Cardiology (ESC), Heart Failure (HF) is defined as a
complex clinical syndrome caused by structural or functional impairment of ventricular filling
or ejection of blood and resulting in a reduced cardiac output and/ or elevated intracardiac
pressures at rest or during stress [1-3]. Many causes conspire to induce HF including
coronary artery disease, which is the most common cause, hypertension, diabetes, previous
viral infection, alcohol abuse, chemotherapy and ‘idiopathic’ dilated cardiomyopathy (Table

1).

Table 1. Etiologies of HF from 2016 European Society of Cardiology recommendations

DISEASED MYOCARDIUM
Ischaemic heart Myocardial scar
disease

Myocardial stunning/hibernation

Epicardial coronary artery disease

Abnormal coronary microcirculation

Endothelial dysfunction

Toxic damage Recreational substance abuse Alcohol, cocaine, amphetamine, anabolic steroids.
Heavy metals Copper, iron, lead, cobalt.
Medications Cytostatic drugs (e.g. anthracyclines),immunomodulating drugs (e.g. interferons monoclonal

antibodies such as trastuzumab, cetuximab), antidepressant drugs, antiarrhythmics, non-steroidal
anti-Inflammatory drugs, anaesthetics.

Radiation
Immune-mediated Related to infection Bacteria, spirochaetes, fungi, protozoa, parasites (Chagas disease), rickettsiae, viruses (HIV/AIDS).
and inflammator . . o . . ) ) .
damage Y Not related to infection Lymphocytic/giant cell myocarditis, autoimmune diseases (e.g. Graves’ disease, rheumatoid
g arthritis, connective tissue disorders, mainly systemic lupus erythematosus), hypersensitivity and
eosinophilic myocarditis (Churg-Strauss).
Infiltration Related to malignancy Direct infiltrations and metastases.
Not related to malignancy Amyloidosis, sarcoidosis, haemochromatosis (iron), glycogen storage diseases (e.g. Pompe disease),
lysosomal storage diseases (e.g. Fabry disease).
Metabolic Hormonal Thyroid diseases, parathyroid diseases, acromegaly, GH deficiency, hypercortisolaemia, Conn's
derangements disease,Addison disease, diabetes, metabolic syndrome, phaeochromocytoma, pathologies related
to pregnancy and peripartum.
Nutritional Deficiencies in thiamine, L-carnitine, selenium, iron, phosphates, calcium, complex malnutrition
(e.g- malignancy,AIDS, anorexia nervosa), obesity.
Genetic abnormalities | Diverse forms HCM, DCM, LV non-compaction,ARVC, restrictive cardiomyopathy (for details see respective

expert documents), muscular dystrophies and laminopathies.

ABNORMAL LOADING CONDITIONS

Hypertension
Valve and Acquired Mitral, aortic, tricuspid and pulmonary valve diseases.
myocardium . i i p "
Congenital Atrial and ventricular septum defects and others (for details see a respective expert document).
structural defects
Pericardial and Pericardial Constrictive pericarditis
endomyocardial Pericardial effusion
athologies | I .
P g Endomyocardial HES, EMF, endocardial fibroelastosis.
High output states Severe anaemia, sepsis, thyrotoxicosis, Paget’s disease, arteriovenous fistula, pregnancy.
Volume overload Renal failure, iatrogenic fluid overload.
ARRHYTHMIAS
Tachyarrhythmias Atrial, ventricular arrhythmias.
Bradyarrhythmias Sinus node dysfunctions, conduction disorders.

ARVC = arrhythmogenic right ventricular cardiomyopathy; DCM = dilated cardiomyopathy; EMF = endomyocardial fibrosis; GH = growth hormone; HCM = hypertrophic
cardiomyopathy; HES = hypereosinophilic syndrome; HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome; LV = left ventricular.
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The current definition of HF is limited to stages at which typical clinical symptoms (dyspnea,
fatigue) or signs (tachycardia, laterally displaced/broadened apical beat, orthopnoea, rales
or crackles, pleural effusion, jugular venous dilatation, peripheral oedema or hepatomegalia)
are apparent.

For patients presenting symptoms or signs for the first time the probability of HF should first
be evaluated based on the patient’s prior clinical history physical examination and resting
ECG [1-3]. If at least one element is abnormal, plasma cardiac natriuretic peptides should
be measured but this is not routinely done in clinical practice. A transthoracic
echocardiography (TTE) remains the method of choice for establishing HF diagnosis. It
provides immediate information on chamber volumes, ventricular systolic and diastolic
function, wall thickness, valve function and pulmonary hypertension. A Left Ventricular
Ejection Fraction (LVEF) of less than 40% confirms the diagnosis of HF with reduced
Ejection Fraction (HFrEF) which was previously referred as “systolic” HF. Otherwise, HF is
defined as HF with mid-range ejection fraction (HFmEF) when LVEF ranges from 40 to 49%,
and as HF with preserved Ejection Fraction (HFpEF or previously referred as “diastolic” HF)
when LVEF is equal to or above to 50%. These diagnoses need nevertheless to be
supported by objective evidence of other cardiac functional and structural alterations
underlying HF at rest or during exercise.

Differentiation between HFpEF and HFrEF patients is important given that it implies different
underlying aetiologies, demographic, co-morbidities, and response to therapies [1-3].

Prevalence of HFpEF is higher in people older than 75 years and it most often concerns
women with history of obesity and smoking [4, 5]. Patients with HFpEF are more likely to
have cardiovascular comorbidities (such as hypertension, diabetes, atrial fibrillation, valvular
disease) and non-cardiovascular comorbidities (such as renal failure, anaemia, chronic
pulmonary disease, hypothyroidism, cancer, peptic ulcer and psychiatric disorders [6]. The
most common causes of HFpEF are hypertensive heart disease and hypertrophic
cardiomyopathy [7, 8].

In contrast, HFrEF patients are younger and mostly male. The most common causes of
HFrEF are ischemic heart disease and dilated cardiomyopathy [7, 8]. Hyperlipidemia,
sustained ventricular tachycardia or ventricular fibrillation, and left bundle branch block are
more common in patients with HFrEF [5, 7, 8].

Chapter 1: Context 14



PATIENT WITH SUSPECTED HF*
(non-acute onset)

!

ASSESSMENT OF HF PROBABILITY

I. Clinical history:

History of CAD (M, revascularization)
History of arterial hypertension

Exposition to cardiotoxic drug/radiation

Use of diuretics

Orthopnoea / paroxysmal nocturnal dyspnoea

2. Physical examination:

Rales

Bilateral ankle oedema

Heart murmur

Jugular venous dilatation

Laterally displaced/broadened apical beat

3. ECG:
Any abnormality
1 All absent
: >| present l
I
A t :
fssess_me“. I NATRIURETIC PEPTIDES
-Z natrluretlc. | : No HEF unlikely:
NEpobPalzs el — | coder ot
: , «BNP 35 pg/mL diagnosis
practice
I
I
| Yes
1
A\
Normalb<
ECHOCARDIOGRAPHY

If HF confirmed (based on all available data):
determine aetiology and start appropriate treatment

Figure 1. Diagnosis algorithm for a diagnosis of heart failure of non-acute onset, from 2016
European Society of Cardiology recommendations.

BNP=B-type Natriuretic Peptide; CAD=coronary Artery Disease; HF=Heart Failure; MI=Myocardial Infarction; NT-
proBNP=N-Terminal pro-B type Natriuretic Peptide

Patient reporting symptoms typical of HF. ®Normal ventricular and atrial volumes and function. “Consider other causes of
elevated natiruretic peptides.

A grey area exists for patients without HFrEF or HFpEF. Patients with HFmrEF are recently
considered as a distinct group of patients who most probably have primarily mild systolic
dysfunction, but with features of diastolic dysfunction [3]. Characteristics of HFmEF patients

are generally intermediate between those of HFrEF and HFpEF patients: a high prevalence
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of comorbidities as in HFpEF (i.e. hypertension, diabetes, atrial fibrillation, chronic
pulmonary and kidney disease); and a high prevalence of coronary artery disease as in
HFrEF, particularly in males and older patients [6]. However, this category is still subject to
debate. Some authors consider that HFmEF patients do not have a unique pattern of
symptoms or pathophysiology which distinguish them from patients with a preserved or a
reduced EF [9] . According to them, the range of values for HFmEF patients is so narrow
that delineation of the subgroup is inconsistent with the accuracy and reproducibility of the
methods routinely used to assess systolic function in clinical practice. Furthermore,
consistent evidence across several classes of drugs now indicates that treatments that are
effective in reducing the risk of major adverse clinical outcomes in patients with an LVEF of
40% or lower are also beneficial in those with an LVEF of 41% to 50%.

Chapter 1: Context 16



1.2. Epidemiology
1.2.1. General Data on HF

HF affects from 1 to 2 % of the adult population in developed countries, up to 10% or more
in people over 70 year of age [10]. In France, its prevalence was estimated in 2008 to be at
2.3% of the adult population and it reached 15.1% among people over 85 years of age [11].
The incidence of HF has substantially declined over the last decade no doubt due to the
successful and significant advances in treatment strategies and improvement of primary
prevention although the impact on the survival and the hospitalization remains
unsatisfactory. The prevalence tends thus to increase with the ageing of the population and

in the absence of apparent change in mortality [6, 12].

HF has a poor prognosis: around 30% of HF patients die in the year following a first
hospitalization for HF and nearly 50% die within 5 years of diagnosis [13—15]. Despite recent
inpatient care improvements leading to a reduction of in-hospital mortality and length of stay
[16], re-admission within 30 days after an initial hospitalization concerns one in four patients
[15, 17].

HF is also challenging by its considerable financial burden. lIterative hospitalizations
contribute to increase the financial burden of the disease, which represents in Europe
approximately 2% of the total health-care budget [13, 18] and in France, around €2.5 billions
of the healthcare expenditure supported by the National Health Insurance System in 2013
[19].

1.2.2. Specific data on HFrEF and HFpEF

Patients with HFrEF or HFpEF represent respectively half of HF patients but these data vary
depending on the definition used for HFpEF and HFrEF [6]. In the past two decades, the
proportion of individuals with HFpEF increased from 38% to 54% of all the cases with HF
and this proportion was considered to increase progressively with aging of the population
and with the increase of the prevalence of patients with hypertension, obesity and
diabetes[4]. In contrast, the proportion of patients with HFrEF is relatively stable and even
tends to decrease. By 2020, HFpEF will be dominant in driving the overall HF; its expected
relative prevalence will exceed 65% (8 % of persons older than 65 years of age) and that
HFrEF will be 31 % [20].
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Patients with HFpEF apparently have a lower risk of mortality than patients with HFrEF.
However, data concerning morbidity are heterogeneous: some studies suggest a slightly
higher risk in HFpEF patients while others demonstrate no difference in risk [21].
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1.3.Management of heart failure
1.3.1. Main pharmacological treatment

The goals of pharmacological treatment in patients with established HF are to relieve

symptoms and signs, prevent hospital admission, and improve survival.

Diuretics

Diuretics currently indicated in HF in France are loop (furosemide and bumetanide), thiazide
(hydrochlorothiazide) and potassium-sparing diuretics, the latter being also called
aldosterone receptor antagonists (aldosterone and spironolactone) (Figure 2).

Loop diuretics are very powerful diuretics, also used in hypertension management, which
act by inhibition of the Na'-K'/2CI" co-transporter in the thick ascending limb of nephron
loop. Inhibition of this pump can lead to a significant increase in the distal tubular
concentration of sodium and therefore to a reduction of water reabsorption in the collecting
duct. These mechanisms lead to both diuresis and natriuresis. These drugs also induce
renal synthesis of prostaglandins, which contributes to their renal action including the
increase in renal blood flow and redistribution of renal cortical blood flow. Extensively bound
to plasma proteins (96%), these drugs are not filtered by the glomeruli and must be secreted
in the proximal tubular to reach their target site. They undergo very little hepatic metabolism.
With a quick onset of action, these short-acting drugs are used preferably in the morning (in
order to avoid untimely nocturnal rising to urinate). Furosemide and bumetanide are two loop
diuretics marketed in France. They may be administered orally or intravenously, but due to
the low bioavailability of the furosemide, its intravenous (IV) dose must be doubled when it is
administered orally (20 mg furosemide IV = 40 mg furosemide per os = 0,5 mg bumetanide
IV = 0,5 mg bumetanide per 0s).

Thiazide diuretics are less efficacious than loop diuretics in producing diuresis and
natriuresis. They act by inhibition of the Na®/CI" transporter in the distal tubule. Their
mechanism depends on renal prostaglandin production. These drugs are mainly used in
hypertension management. Only hydrochlorothiazide has an indication in HF: it can be used
in addition to loop diuretics to potentiate their effect. Hydrochlorothiazide is not hepatically
metabolized but is eliminated rapidly by the kidney. It crosses the placental but not the
blood-brain barrier and is excreted in breast milk.
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The increased sodium delivery induced by loop and thiazide diuretics in the distal segment
of the distal tubule will stimulate the aldosterone-sensitive sodium pump to increase sodium
reabsorption in exchange for potassium and hydrogen ion. The increased loss of potassium
and hydrogen ions can lead respectively to hypokalaemia and metabolic alkalosis. Part of
the loss of potassium and hydrogen ion by loop and thiazide diuretics results from activation
of the renin-angiotensin-aldosterone system that occurs because of reduced blood volume
and arterial pressure. These diuretics as any diuretics may also cause hypotensive episodes

and acute gout.

Aldosterone receptor antagonists or antimineralocorticoids (MRA) include
spironolactone, also indicated in essential hypertension, and eplerenone. Unlike the loop
and thiazide diuretics, these drugs do not produce hypokalaemia. They act by antagonizing
the actions of aldosterone(s) at the distal segment of the distal tubule. This causes more
sodium (and water) to pass into the collecting duct and be excreted in the urine. By inhibiting
aldosterone-sensitive sodium reabsorption, less potassium and hydrogen ion are exchanged
for sodium by this transporter and therefore less potassium and hydrogen are lost to the
urine. MRA have a bioavailability of 70% and a hepatic metabolism. MRA side effects are
the same than the ones common to other diuretics, but include also hyperkalaemia and for
the non-specific aldosterone receptor antagonist (i.e. spironolactone) hormonal side effects

such as gynecomastia.

The effects of loop and thiazide diuretics on mortality and morbidity have not been studied in
Randomized Clinical Trials (RCTs). According to a Cochrane meta-analysis, these diuretics
appear to reduce the risk of death and worsening HF in patients with chronic HF when
compared with placebo, and to improve exercise capacity when compared with an active
control [22, 23]. MRAs showed their efficacy in RCTs in term of mortality and HF
hospitalization for patients with HFrEF and LVEF <35% who remained symptomatic despite

adequate treatment [24, 25].
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Loop diuretics (e.g. furosemide)

Figure 2. Mechanism of action of diuretics used in HF treatment

Beta-blockers (BB)

Four BBs have an indication in HF treatment in France: carvedilol, bisoprolol, metoprolol and
nebivolol. These drugs are competitive beta-adrenoceptors antagonists, which block the
binding of norepinephrine and epinephrine to these receptors. This inhibits normal
sympathetic effects that act through these receptors.

The first generation BBs were non-selective, meaning that they blocked both beta-1 (1) and
beta-1 (B2) adrenoceptors. Second generation BBs are more cardioselective in the sense
that they are relatively selective (i.e. can be lost at higher drug dose) for f1adrenoceptors
(bisoprolol, metoprolol nebivolol). Finally, the third generation BBs are drugs that also
possess vasodilator actions through blockade of vascular alpha-adrenoceptors (carvedilol).
Their efficacy in HF treatment seems to be closely linked with a decrease of cardiac output
and consequently of blood pressure, and with a decrease of the deleterious cardiac
remodeling induced by catecholamines.
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BB pharmacokinetics are related in part to their lipid solubility. Some drugs are very lipid
soluble molecules (carvedilol, metoprolol, nebivolol) while other are hydrosoluble or with an
intermediate solubility (bisoprolol). Thus, carvedilol has a 25% bioavailability, high hepatic
first pass metabolism and hepatic excretion. Bisoprolol has a high bioavailability (90%), 50%

hepatic metabolism to an inactive metabolite and renal excretion.

BB side effects are not frequent and mostly concern bradycardiae, arterial hypotension,
vasoconstriction of extremities, bronchial hyperactivity in particular in asthmatic patients or
hypoglycaemia in diabetic patients.

RCTs have shown that BBs reduce mortality and morbidity in symptomatic patients with
HFrEF, despite adequate treatment [26—-31] but they have not been tested in congested or
decompensated patients. BBs should be initiated in clinically stable patients at a low dose
and gradually up-titrated to the maximum tolerated dose [3]. They should be considered for
rate control in patients with HFrEF and atrial fibrillation, especially in those with high rate,
since no benefit on mortality hospital admissions has been reported for BBs in these patients
[32].

Angiotensin-converting enzyme inhibitors (ACEI)

ACEI indicated in HF in France are: captopril, cilazapril, enalapril, fosinopril, lisinopril,
perindropril, quinapril and ramipril. These drugs produce vasodilation by inhibiting the
formation of the vasoconstrictor angiotensin Il, formed out of angiotensinogen in angiotensin

| and then in angiotensin Il by the consecutive actions of renin and ACE.

Most of these drugs are inactive prodrugs metabolized to an active metabolite by hepatic
hydrolysis. Excretion is renal for all of the drugs except for fosinopril (50% renal - 50%
hepatic) and ramipril (50% renal — 50% biliary).

ACEI also break down bradykinin (a vasodilator substance), which can contribute to their
vasodilator action. The increase in bradykinin is also responsible for troublesome side
effects such as dry cough and angioedema.

In RCTs, ACEls have been shown to reduce mortality and morbidity in patients with HFrEF
[33-37]. They are recommended unless contraindicated or not tolerated in all symptomatic
patients.
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Angiotensin receptor blockers (ARB)

ARBs indicated in HF in France are: candesartan, losartan and valsartan. These drugs are
receptor antagonists that block type 1 angiotensin Il receptors on bloods vessels and other
tissues such as the heart. These receptors are coupled to the Gg-protein and IP3 signal

transduction pathway that stimulates vascular smooth muscle contraction.

Because ARBs do not inhibit ACE, they do not cause an increase in bradykinin, which
contributes to the vasodilation produced by ACEI and also some of the side effects of ACEI

(cough and angioedema).

In RCTs, candesartan has been shown to reduce cardiovascular mortality [38] and valsartan
showed an effect on hospitalization for HF (but not on all-cause hospitalizations) in patients
with HFrEF receiving background ACElIs [39].

Digoxin
Digoxin is a cardiac glycoside. It is a potent inhibitor of cellular Na+/K+-ATPase, which
increases contractility the heart (inotropy). By mechanism that are no fully understood,
digoxin has a parasympathomimetic action reducing sinoatrial firing rate (negative

chronotropy) and conduction velocity of and slows electrical impulses through the
atrioventricular node (negative dromotropy).

Digoxin is present predominantly as unbound to plasma proteins, which explains its quick
onset of action. It is mainly stored in muscle tissue and has a large distribution volume (5
L/kg). The hepatic metabolism of digoxin is insignificant and its excretion is essentially renal
in the non-metabolized form. This is the reason why haemodialysis is inefficient in case of
drug intoxication induced by its relatively narrow therapeutic safety window. Excessive
plasma concentrations can lead to arrhythmias, which may be life threatening.

Ivabradine

In France, ivabradine is indicated in the treatment of symptomatic stable angina but its
indication was extended to HF treatment in February 2012. Ivabradine lowers heart rate by
selectively inhibiting /f channels in the heart in a concentration-dependent manner without
affecting any other cardiac ionic channels (including calcium or potassium). The If currents
are located in the sinoatrial node and are the site of all cardiac pacemaker activity.
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Ivabradine binds by entering and attaching to a site on the channel pore from the
intracellular side and disrupts If ion current flow, which prolongs diastolic depolarization,
lowering heart rate. Ivabradine therefore lowers the pacemaker firing rate, consequently

lowering heart rate and reducing myocardial oxygen demand.

Ivabradine's oral bioavailability is about 40%. It is bound at 70% to plasma proteins. It is
extensively metabolized by oxidation in the gut and liver in active metabolites, which are
equally excreted in feces and urine.

The principal side affects of ivabradine are phosphenes and less frequently, severe

bradycardia.

In RCTs, ivabradine reduced the combined endpoint of mortality or hospitalization for HF in
patients with symptomatic HFrEF or LVEF <35%, in sinus rhythm and with a heart rate 270
beats per minute (bpm) who had been hospitalized for HF within the previous 12 months,
receiving treatment with an evidence-based dose of beta-blocker (or maximum tolerated
dose), an ACEI (or ARB) and an MRA [40]. The European Medicines Agency (EMA)
approved ivabradine for use in Europe in patients with HFrEF with LVEF <35% and in sinus
rhythm with a resting heart rate 275 bpm, because in this group ivabradine conferred a
survival benefit based on a retrospective subgroup analysis requested by the EMA [41].

Hydralazine and isosorbide dinitrate

Hydralazine is not marketed in France but in the United States only for self-identified black
patients. Its precise mechanism of action is not fully understood. It apparently lowers blood
pressure by exerting a peripheral vasodilating effect through a direct relaxation of vascular
smooth muscle. In patients with HF, hydralazine decreases systemic vascular resistance
and increases cardiac output.

Hydralazine is rapidly and extensively absorbed (up to 90%) from the gastrointestinal tract
and undergoes extensive first-pass metabolism by genetic polymorphic acetylation, which is
responsible for a threefold range of oral bioavailability. After the drug reaches the systemic
circulation, it is combined with endogenous aldehydes and ketones, to form hydrazone
metabolites. Hydralazine undergoes extensive hepatic metabolism; it is excreted mainly in
the form of metabolites in the urine.
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In a RCT, hydralazine showed a reduction of mortality and HF hospitalizations in self-
identified black patients (defined as being of African descent) with HFrEF and NYHA
Classes -1V, in addition of conventional therapy [42]. This explains why hydralazine is

used only in this specific population in United States.

Angiotensin receptor neprilysin inhibitor (ARNI)

ARNI is a new therapeutic class of agents acting on the renin-angiotensin-aldosterone and
the neutral endopeptidase systems. The first in class is LCZ696, which is a molecule that
combines the moieties of valsartan and sacubitril (neprilysin inhibitor) in a single substance.
By inhibiting neprilysin, the degradation of natriuretic peptides, bradykinin and other peptides
is slowed. High circulating A- and B-type natriuretic peptides exert physiologic effects
countering the neurohormonal overactivation that contributes to vasoconstriction, sodium

retention, and maladaptive remodelling.

In comparison to the ACE inhibitor enalapril, sacubitril/valsartan appears as more efficacious
in reduction the occurrence cardiovascular death or hospitalisation for HF by 20% and of all-

cause mortality by 16% [43] with a comparable safety and tolerability profile [44].

This drug has been launched on the French market in May 2016.

1.3.2. Implantable devices and surgical procedures

Implantable devices are an important treatment option for some patients with HF who may
be at risk of irregular heart rhythm or an abnormal muscle contraction that cannot be
controlled with medications. Several types of devices are currently available: the implantable
cardioverter defibrillator, the cardiac resynchronization therapy and the left ventricular assist

device.

The Implantable Cardioverter Defibrillator (ICD) is a device implanted in the pectoral
region, which can detect and automatically terminate atrial and ventricular tachyarrhythmias.

The Cardiac Resynchronization Therapy (CRT) or biventricular pacing is a modality of
cardiac pacing used in patients with left ventricular systolic dysfunction and dyssynchronous
ventricular activation that provides simultaneous or nearly simultaneous electrical activation

of the left and right ventricles via stimulation of the left and right ventricles (biventricular
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pacing) or left ventricle alone. This is performed by either a CRT-pacemaker or by a
combined CRT-implantable cardioverter-defibrillator.

The Left ventricular assist device (LVAD) is a battery-operated, mechanical pump-like
device that’s surgically implanted. It helps maintain the pumping ability of a heart that can’t
effectively work on its own while waiting for a possible heart transplantation.

Heart surgery isn’t frequently used to treat heart failure. It's only recommended in well-
selected HF patients with specific cardiac impairments such as obstruction of coronary

arteries, ischemic mitral incompetence or left ventricular aneurysm.

Finally, having a heart transplant is one of the last forms of treatment available to patients
with heart failure. Generally it is only considered when all other forms of appropriate
treatment have been tried and failed.

1.3.3. Guidelines on the HF management

Therapeutic patient education

According to the World Health Organization, the therapeutic patient education should be
systematically included in the management of patients with chronic diseases. Therapeutic
patient education is complementary to drug treatment and it provides the patient with useful
information and skills to control his/her disease effectively [45, 46]. It includes information
on:
- HF and its symptoms so patient can recognize signs of decompensation;
- HF medications (name, dose, side effects), contraindicated medications and the risks
of self-medicating;
- Dietary recommendations (sodium intake limited to a maximum of 6 grams per day);
- Combating sedentary lifestyle;
- Interest in biological monitoring, vaccination, and fighting against cardiovascular risk
factors (smoking, etc.).
Patient education is an important component in heart failure care but educational therapeutic
interventions still require further optimization. Despite the fact that many patients received
education and perceived information about heart failure as important, they had low levels of
knowledge and lacked a clear understanding of why they had developed heart failure, how it
was defined and what relevant self-care behavior should be performed [46].
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Pharmacological management of patients with HFrEF

For patients with HFrEF, the pharmacological management is essentially based on the use
of neuro-hormonal antagonists (BBs, ACElI and MRAs) unless contraindication or bad
tolerance. They are commonly used in conjunction with a diuretic given to relieve the

symptoms and signs of congestion (2,3,22) .

A BB and an ACE inhibitor should both be started as soon as possible after diagnosis of
HFrEF (Figures 3 and 4). An ARB should be used as an alternative to ACEI for patients who
do not tolerate these drugs, or for patients with persisting symptoms despite treatment with
an ACE inhibitor and a BB and unable to tolerate a MRA. A MRA is recommended in all
symptomatic HFrEF patients despite an adequately conducted treatment (ACEI or ARB, and
BB) with a LVEF <35%. Eplerenone must be preferred to spironolactone in patients with
recent myocardial infarction [47]. Since 2016, the European Society of Cardiology
recommends to use ARB to replace ACEI, when HFrEF patients remain symptomatic
despite appropriate treatment. To date, the French guidelines have not been updated to

integrate this recommendation.

If despite these treatments, patient has resistant symptoms, digoxin may be proposed.
According to European Society of Cardiology guidelines, ivabradine may also be considered
as an alternative to digoxin in patients in sinus rhythm with an EF <35%, a heart rate

remaining =70 b.p.m., and persisting symptoms or in patients who do not tolerate BB [2, 3].
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Figure 3. Therapeutic algorithm for a patient with a symptomatic heart failure with reduced
ejection fraction from 2016 European Society of Cardiology guidelines

HFrEF=Heart Failure with reduced Ejection Fraction; LVEF=Left Ventricular Ejection Fraction; ACEI=Angiotensin
Converting Enzym Inhibitor; BB-=Beta-Blockers; ARB=Angiotensine Il Receptor Blockers
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Figure 4. Therapeutic algorithm for a patient with systolic heart failure, adapted from the 2014

French guidelines (Haute Autorité de Santé, “Guide du Parcours de soin -Insuffisance

Cardiaque”, Juin 2014).

HF=Heart Failure; EF=Ejection Fraction; ACEI=Angiotensin Converting Enzym Inhibitor; BB-=Beta-Blockers;
ARB=Angiotensine Il Receptor Blockers
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Pharmacological management of patients with HFpEF

No treatment has yet been shown, convincingly, to reduce morbidity and mortality in patients
with HFpEF. Diuretics are used to control sodium and water retention and relieve
breathlessness and oedema as in HFrEF. Adequate treatment of hypertension and
myocardial ischaemia is also considered to be important, as is control of the ventricular rate
in patients with atrial fibrillation. Two very small studies have shown that the heart rate-
limiting calcium-channel blocker (CCB) verapamil may improve exercise capacity and
symptoms in these patients. Rate-limiting CCBs may also be useful for ventricular rate
control in patients with atrial fibrillation and in the treatment of hypertension and myocardial
ischaemia (which is not the case in patients with HFrEF where their negative inotropic action
can be dangerous). BBs may also be used to control the ventricular rate in patients with
HFPEF and atrial fibrillation.

Indication for implantable devices

Advanced HF represents a stage of the disease where patients’ symptoms are resistant to
therapy and they remain very limited and at risk of lethal ventricular arrhythmia [2, 3]. In
patients who meet the appropriate criteria, device therapy may offer substantial benefit.

ICD (Implantable Cardioverter Defibrillator) is recommended in patients with symptomatic
HF and an EF <35% despite 23 months of treatment with optimal pharmacological therapy,
who are expected to survive for >1 year with good functional status, to reduce the risk of
sudden death in HF patients who have had severe ventricular dysrhythmia

CRT (Cardiac Resynchronization Therapy) is primarily aimed at patients with advanced
HF (NYHA functional Class Ill and ambulatory Class V) who have a EF <35% who are in
sinus rhythm, and have a QRS duration above 120 ms.
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1.4. Application of pharmacoepidemiology in HF

1.4.1. Definition of pharmacoepidemiology

Pharmacoepidemiology is the study of pharmacological effect of medication and of their
utilization in real world clinical practice. Just as the term implies, pharmacoepidemiology
combines clinical pharmacology with epidemiology [48]. Pharmacology is the study of the
effects of medications in people. It includes pharmacokinetics and pharmacodynamics of a
patient to predict the drug effect on a patient. Epidemiology is the study of the distribution
and determinants of diseases in populations. By combining the interest of pharmacology and
epidemiology, a pharmacoepidemiologist applies epidemiology principles to study the effects

of medications in human populations.

Pharmacoepidemiology therefore focused on the use and on the undesired and beneficial
effects of medications after they have been launched on the market, to promote their
appropriate use and thus improve public health. This discipline involves studies on drug use
patterns (i.e. pattern of drug prescribing, the appropriateness of use, medication adherence
and persistence patterns, and the identification of predictors for medication use) and drug
effects (i.e. effectiveness or adverse effects). Assessing medication use in real world
practice is all the most important given the differences observed between the target
population (population for which the medication is intended) and the reached population
after marketing (population who really uses the medication). In real world clinical practice,
patients who use the medication are more numerous, older, sicker, more treated with higher

dose and with other drugs than in clinical trials.

Pharmacoepidemiology studies are thus essential to supplement clinical trial data. They
benefit from the methodology developed in general epidemiology (i.e. cohort study, case-
control studies) and may further develop them for applications of methodologies unique to

pharmacoepidemiology.

1.4.2. Data sources

Large health care databases are often used to address research questions within
pharmacoepidemiology. These databases can generally be divided into two types; the
medical records databases and the administrative claims databases [49]. In general, data in
medical records databases are recorded as part of the process of clinical outpatient care,

while administrative databases record information as a by-product of financial transactions.
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Because administrative databases are derived from pharmacy billing records, they reflect
with high reliability patients’ drugs consumption. They include complete healthcare data from
several consecutive years, making them an excellent resource for the study of large,
demographically diverse multicenter cohorts at a fraction of the time and costs of other
conventional data sources [50]. However, they do not contain information on potentially
important confounding variables such as smoking status, alcohol use and body mass index

contrary to medical records databases.

In France, the nationwide healthcare insurance system database is the SNDS (Systeme
National des Données de Sante), which covers 98.8% of the French population [51]. Most of
the subjects (76% of inhabitants in France in 2015) are insured under the general scheme,
which mainly covers salaried employees of the private sector and their dependents. The
remaining individuals are insured under other minor schemes representing specific
populations such as civil servants and students, liberal professions and their dependents,
farmers and agricultural workers. It provides pseudonymized information on all reimbursed
medical and paramedical encounters, drugs claims, hospital admissions and procedures -
except for psychiatric hospitals and rehabilitation centers which are only available in the
SNDS database -, registration for Long Term Disease (LTD) and date of death. All these
data are linked to create a longitudinal record of outpatient health encounters, hospital
diagnoses and drug dispensing. Hospital and LTD diagnoses are coded according to the
International Classification of Disease — 10th revision (ICD-10) and medications are
identified according to their Anatomical and Therapeutic Classification (ATC). The EGB
database (Echantillon Généraliste de Beénéficiaires) is a representative permanent 1/97th
sample of the SNDS, using a unique national pseudonymised identifier. It contains the same
data as in the SNDS except data from psychiatric hospitals and rehabilitation centers. It was
an interesting alternative to SNDS for studying diseases with high prevalence or with
frequent outcomes since the delay to access its data were significantly shorter than for the
full SNDS.

1.4.3. Data on HF treatment in real-life setting

Thanks to the successful and significant advances in treatment strategies and improvement
of primary prevention, the management of HF has considerably improved over the last
decade, leading to a reduction of HF incidence. However, the morbidity-mortality is still high
among HF patients [6, 12], suggesting that HF medications that have proven to be effective
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in clinical randomized trial, do not always have optimal utilization in a real-world setting.
Pharmacoepidemiology studies are thus legitimate to better investigate HF treatments in
order to understand how and for whom these treatments are really used. Several
pharmacoepidemiology studies have already been conducted on HF medications to assess
in real-world setting how these drugs are used and what are their effects. A non-exhaustive
review of these studies has been published in the Journal of Pharmacology Research’.

Drug use

In pharmacoepidemiology studies, drug use may be assessed by two parameters:
adherence, which refers to whether a patient takes a prescribed medication according to
schedule and persistence, which indicates whether a patient stays on therapy or the time
from initiation to discontinuation of therapy [52].

According to the literature, persistence to HF treatment was estimated as high with
treatment dosages below recommended dosages [53-55]. However, most of these
observational studies have described the HF treatment persistence on patients who initiated
their treatment just after a HF hospitalization [56-61] and not in patients who initiated
therapy as outpatients.

Treatment adherence has been reported as not optimal, as with many other chronic
treatment. Two large reviews focused on this issue. DiMatteo reviewed articles published
within a 50 year-period of research (1948-1998), and showed that 79.4% (95%ClI: 77.4%;
81.4%) of patients with chronic HF are adherent to their treatment(s), and that they where
more adherent to their pharmacological prescriptions than to lifestyle modifications (i.e.
health behavior, appointment-keeping and diet) [62]. The review of van der Walet al.
included more recent articles (1988-2003) and assessed the extent to which a persons’
behavior (in terms of taking medication, following diet or executing life style changes)
coincides with the clinical prescription (i.e. compliance) [63]. The estimated compliance rates
varied considerably from 10% to 99% although most studies described compliance rates of
approximately 70%. In both of these reviews, authors pointed out that medication adherence
estimates were greatly variable, as its appraisal was affected by different definitions and
measures of adherence, which have evolved over the years.

' Salvo F, Bezin J, Bosco-Levy P, et al. Pharmacological treatments of cardiovascular
diseases: Evidence from real-life studies. Pharmacol Res. 2017 Apr 118:43-52
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Effects

Most of the recent comparative effectiveness studies of HF treatments, focused on head-to-
head comparisons between the effects of the different drugs of a single pharmacological
class.

The protective effect of BBs on mortality or hospitalization has been confirmed in real-life in
CHF patients, regardless of whether ejection fraction (EF) was preserved (EF 250%: Hazard
Ratio, HR 0.68, 95%CI 0.52; 0.94) or reduced (EF <50%, HR 0.52, 95%CIl 0.41; 0.69)
[64].Evidence suggests that there is no substantial difference in term of all-cause mortality
and/or hospitalization among the individual BBs [65-67]; moreover, there is no difference
between BBs listed in guidelines of HF (carvedilol, metoprolol, and bisoprolol), and the non-
listed ones (atenolol, propranolol, and timolol) [68]. A head-to-head study, that compared
metoprolol and carvedilol, showed that patients with HF of ischemic origin (mainly HFrEF)
had a better survival on metoprolol (HR 0.54,95%CI 0.43; 0.66), whereas patients with other
HF types had better survival when treated with carvedilol (HR 0.85, 95%CI 0.78; 0.91) [69].

The effectiveness of the different ACE-Is seems globally comparable [70, 71] and no
difference was found either among the different ARBs [74]. One study by Pilote et al.
suggested a better profile of ramipril in comparison to enalapril or captopril in terms of
mortality [72]; their results were also consistent when using fixed-exposure model (enalapril
vs. ramipril: HR 1.36, 95%CI 1.30;1.41; captopril vs. ramipril: HR 1.61, 95%CI 1.50; 1.74)
and time-dependent model (enalapril vs. ramipril: HR 1.10, 95%CI 1.04; 1.16;captopril vs.
ramipril: HR 1.13 95%CI 1.01; 1.26).

The benefits of spironolactone (the most frequently used MRA) in real-life use seem to be
lower outside the clinical trial setting; recent studies suggested that spironolactone does not
reduce all-cause mortality [73, 74], especially in patients with not advanced HF (NYHA class
I-II) [74]. A study on real life tolerability of spironolactone confirmed an extremely high risk of
severe hyperkalemia (HR 3.46, 95%CI 1.97; 6.06) but did not show any significant
association with acute kidney injury (HR 0.66, 95%CI 0.42; 1.05) [76]. Data from a clinical
trial of eplerenone are promising [75], and its mineralocorticoid receptor selectivity should
offers major advantages comparing to spironolactone in term of frequency of potential
adverse events such as sexual side effects [76]. However, no real-life data on eplerenone

are currently available.
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Recent evidence supports the idea that digoxin is useful to reduce symptoms of HF, but did
not influence hard outcomes such as mortality. A systematic review and meta-analysis of
randomized clinical trials and observational studies indicated that digoxin led to a small but
significant reduction in all cause hospital admission (risk ratio, RR 0.92, 95%CI 0.89; 0.95),
and to lower rates of admissions related to cardiovascular disease and heart failure. This
study suggests that the neutral effect on mortality comes from studies with a lower risk of
biases [77].
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1.5.Research hypothesis and objectives

As previously reported, HF is a significant public health burden as a result of the important
morbidity-mortality that it causes and the substantial costs that it generates. It appeared that
this situation persists despite the development in the last 35 years of effective treatment.
This raises questions as to the actual management of HF in clinical practice, which may
affect the apparent efficacy of the pharmacological treatment observed in clinical trials. Most
of pharmacoepidemiology studies that we reviewed showed effectiveness of
pharmacological treatment broadly comparable with efficacy reported by clinical trials. This
implies that other real-life parameters may influence HF management and its prognostic.
These parameters need to be identified and studied to help health care decision makers to
develop public health measures that will optimize the management of HF patients.

The general objective of this work was thus to study, the pharmacological management of
chronic HF and the risk of developing cardiac decompensation — whether induced or not by

medications — among HF patients in France in real world.

We considered that an appropriate approach to address this objective was to use the
representative permanent 1/97th sample (EGB) of the French nationwide claim database,
the SNDS, which contain the overall information on reimbursed healthcare consumption for
HF patients.

A first step was to find a method to identify HF patients in the database and then validate it
to ensure an accurate identification of our source population and the corresponding
outcome. Because data related to out-patient diagnoses are not available in the database
and treatments used for HF are not specific to the disease, we considered that it would be
more relevant to use in-patient discharge diagnoses to identify HF patients. We thus
conducted a validation study to estimate the diagnostic performance of the HF discharge
codes from the French hospital discharge diagnoses database (PMSI) by combining data

from electronic health records and those of the PMSI.

A second step was to quantify the proportion of HF patients treated with each of the main
treatments indicated in chronic HF after a first HF hospitalization, and to describe their use
pattern in the first year following this incident hospitalization in real world setting. This step
was essential to get a precise idea of the number of HF patients who were really concerned

Chapter 1: Context 36



with these treatments in the early stage of the disease and to understand if the modalities of
use of these treatments over time may explain the dilution of their expected effectiveness.
We thus conducted a cohort study to describe the treatment initiation patterns and the
subsequent treatment changes among HF patients, in the first year following an incident
hospitalization for HF in real-world setting, using the random permanent sample of the
French nationwide claim database, the EGB.

Third and fourth steps were to identify the predictors of cardiac decompensation after a
first HF hospitalization, whether they were inherent to the patient characteristics or related to
extrinsic factors such as pharmacological treatments. These steps were crucial to
understand what are the factors among those identified, which could be managed by
specialists from the onset of the disease, to decrease cardiac decompensation and thus HF
mortality. To meet this objective, we conducted two studies using EGB data:
1. The first study was a cohort study aiming to identify the early and long-term clinical
predictors of cardiac decompensation, managed either in hospital or at home in the
2 years following a first HF hospitalization;
2. The second study was a nested case-control study, which sought to identify the
main drugs potentially responsible for HF readmission within the 2 years following
a first HF hospitalization.

Results of these studies have been reported in 4 scientific articles submitted to peer-
reviewed international journals. The 4 articles are presented in the present thesis: two
articles have been accepted for publication, 1 article has been submitted and 1 manuscript is
ready for submission. These findings have also been presented at national and international
symposiums. These oral and poster presentations are listed in Appendice 1. Simultaneously,
two non-exhaustive literature reviews have been published in an international journal and in
the chapter of the ESC textbook.
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2. VALIDATION OF HOSPITAL DISCHARGE DIAGNOSIS CODES RELATED TO
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2.1.Rational and methodological considerations

When pharmacoepidemiology studies are conducted in claim databases, study population
and outcomes should be accurately identified and selected to avoid any misleading results.
Errors in these parameters lead to distorted estimates of effect and to underpowered or
biased tests [78]. In the French nationwide claims database (SNDS or EGB), diagnoses
from hospital discharge, outpatient consultation or LTD, medical procedures, treatments or
care pathway may be used to this end, but only if they are specifically related to the study
disease. When it comes to identify HF patients, only the use of diagnosis codes seems
appropriate. To date, there is no treatment, medical procedure or care pathway specific of
HF. For instance, medications that HF patients receive are also indicated for underlying
diseases such as hypertension or ischemic heart disease.

Diagnosis codes that may be used for identification of HF patients are however limited to
those of hospitalization discharge diagnoses and LTD, since outpatient consultation
diagnoses are not available in the SNDS database. The ICD-10 diagnosis codes related to
HF are the codes 150.x.

Before using hospital discharge coding for disease identification, it is necessary to
understand how the French hospital discharge diagnoses database (PMSI) is organized
[79]. In this database, three fields may be populated: the primary diagnosis, the linked
diagnosis and the associated diagnosis. Primary diagnosis is the health problem that
motivated the admission to the hospital. It is determined at hospital discharge. For patients
hospitalized successively in several medical units, the primary diagnosis of the
hospitalization, as well as all medical unit primary diagnoses, are generally taken into
account to define the occurrence of an outcome in a pharmacoepidemiology study. A linked
diagnosis can exist only if the primary diagnosis is a care procedure with a code Z of the
ICD-10 classification (e.g. chemotherapy session) for a chronic or LTD disease. It indicates
the disease at the origin of the care procedure. As primary diagnosis, linked diagnosis is
taken into account to define the occurrence of an outcome in a pharmacoepidemiology
study. Associated diagnoses are specified if they represent specific healthcare resources.
They are mainly underlying chronic diseases. Associated diagnoses can be used to define
chronic diseases but are generally not taken into account to define the occurrence of an

outcome (many being false positives for the studied outcome).
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LTD database also contains diagnosis codes but only for the so-called “exonerated” long-
term diseases. It includes severe or chronic diseases, which require a long-term treatment
or expensive therapeutic strategies and for which patients may benefit from copayment
exempt status for all medical procedures and services related to these diseases. It
concerns one of the 30 listed diseases (i.e. stroke, HF, diabetes) or an off-list chronic
disease which requires an expensive treatment for more than 6 months (i.e. Paget’s
disease) or multiple diseases resulting in a disabling condition and which requires long-term
treatment for more than 6 months (i.e. generalized osteoarthritis with walking disorders and
urinary incontinence) [80]. In pharmacoepidemiology studies, LTD codes are mostly used to
define comorbidities but not the occurrence of an outcome. They can be used to identify a
study population but in addition to a specific treatment or medical procedure.

To refine the selection of HF subjects, we thought to develop an algorithm for HF
identification associating the HF discharge diagnosis codes to codes related to
echocardiography or BNP. However, the identification of echocardiography was not
systematically coded during a cardiology visit, as the levels of reimbursement may be
similar for a visit with or without echocardiography and BNP could not be identified when
they were performed in a public hospital, as they are not reimbursed individually. We thus
only focus on HF diagnosis codes available either through discharge hospital summary or
LTD for the identification of HF patients.

The best approach to assess viability and reliability of a coding is thus to compare data
from hospital discharge summary to clinical data of patients’ medical record referring to the
same hospital stay. Multiple studies were conducted on this issue in several countries [81—
86], but none had yet been done in France.

2.2.Objective

The objective of this work, which was conducted in two university hospitals (Bordeaux and
Paris), was to assess the diagnostic accuracy of the HF ICD-10 codes 150.x, by comparing
discharge diagnostic codes to medical diagnoses registered in patient medical records. This
study also provided all information necessary to accurately identify HF patients for future
studies in the SNDS using hospital discharge coding.

Results of this study have been published in 2018 in Pharmacoepidemiology and Drug
Safety.
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2.3. Article
2.3.1. Reference

Bosco-Lévy P, Duret S, Picard F, Dos Santos P, Puymirat E, Gilleron V, Blin P, Chatellier
G, Looten V, Moore N. Diagnostic accuracy of the International Classification of Diseases,
Tenth Revision, codes of heart failure in an administrative database. Pharmacoepidemiol
Drug Saf. 2019 Feb,;28(2):194-200.

2.3.2. Abstract

Purpose: Heart failure (HF) is a common, serious and still poorly known iliness, which
might benefit from studies in claims databases. However, to provide reliable estimates, HF
patients must be adequately identified. This validation study aimed to estimate the
diagnostic accuracy of the ICD10 codes 150.x, heart failure, in the French hospital
discharge diagnoses database.

Methods: This study was performed in two university hospitals, comparing recorded
discharge diagnoses and electronic health records (EHR). Patients with discharge ICD10
codes 150.x were randomly selected. Their EHR were reviewed to classify HF diagnosis as
definite, potential or miscoded based on the European Society of Cardiology diagnostic

criteria, from which the codes' positive predictive value (PPV) was computed.

To estimate sensitivity, patients with an EHR HF diagnosis were identified, and the
presence of the 150.x codes was sought for in the hospital discharge database.

Results: Two hundred possible cases of HF were selected from the hospital discharge
database and 229 patients with a HF diagnosis were identified from the EHR. The PPV of
150.x codes was 60.5% (95 %CI 53.7 to 67.3%) for definite HF and 88.0% (95%CI 83.5 to
92.5) for definite/potential HF. The sensitivity of 150.x codes was 64.2% (95%CI 58.0 to
70.4%). PPV results were similar in both hospitals; sensitivity depended on the source of

EHR: departments of cardiology had a higher sensitivity than non-specialized wards.

Conclusions: Diagnosis codes 150.x in discharge summary databases accurately identify-
patients with HF but fail to capture some of them.
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1 | INTRODUCTION

Heart failure (HF) is a serious and increasingly common illness world-

wide. HF is described as a syndromic disease consisting of a

Abstract

Purpose: Heart failure (HF) is a common, serious, and still poorly known illness, which
might benefit from studies in claims databases. However, to provide reliable estimates,
HF patients must be adequately identified. This validation study aimed to estimate the
diagnostic accuracy of the International Classification of Diseases, Tenth Revision
(ICD-10) codes 150.x, heart failure, in the French hospital discharge diagnoses database.
Methods:

discharge diagnoses and electronic health records (EHRs). Patients with discharge

This study was performed in two university hospitals, comparing recorded

ICD-10 codes 150.x were randomly selected. Their EHRs were reviewed to classify HF
diagnosis as definite, potential, or miscoded based on the European Society of Cardiology
diagnostic criteria, from which the codes' positive predictive value (PPV) was computed.
To estimate sensitivity, patients with an EHR HF diagnosis were identified, and the pres-
ence of the 150.x codes was sought for in the hospital discharge database.

Results: Two hundred possible cases of HF were selected from the hospital dis-
charge database, and 229 patients with an HF diagnosis were identified from the
EHR. The PPV of 150.x codes was 60.5% (95% Cl, 53.7%-67.3%) for definite HF
and 88.0% (95% Cl, 83.5%-92.5%) for definite/potential HF. The sensitivity of 150.x
codes was 64.2% (95% Cl, 58.0%-70.4%). PPV results were similar in both hospitals;
sensitivity depended on the source of EHR: Departments of cardiology had a higher
sensitivity than had nonspecialized wards.

Conclusions: Diagnosis codes 150.x in discharge summary databases accurately

identify patients with HF but fail to capture some of them.

KEYWORDS

accuracy, heart failure, ICD-10, pharmacoepidemiology, positive predictive value, sensitivity,

validation study

constellation of unspecific symptoms (lower-limb oedema, dyspnoea,
or tachycardia) and is caused by various aetiologies leading in all cases
to cardiac dysfunction.'?> HF affects from 1% to 2% of the adult
population in developed countries, up to 10% or more in people over

Pharmacoepidemiol Drug Saf. 2018;1-7.

wileyonlinelibrary.com/journal/pds © 2018 John Wiley & Sons, Ltd. | 1

Chapter 2: Validation of hospital discharge diagnosis codes related to HF

42



BOSCO-LEVY ET AL

2 L wiLEY

70 years of age.® In France, its prevalence was estimated in 2008 to be
at 2.3% of the adult population, and it reached 15.1% among people
over 85 years of age.* HF has a poor prognosis: A quarter of HF
patients are rehospitalized within 30 days after an initial hospitaliza-
tion, and nearly 50% of HF patients die within 5 years of diagnosis.>®

Iterative hospitalizations contribute to increase the financial burden
of the disease, which represents in Europe approximately 2% of the
total health care budget.>” The incidence of HF declined substantially
over the last decade no doubt due to the successful and significant
advances in treatment strategies and improvement of primary preven-
tion, but this contrasts with no apparent change in mortality.® A better
understanding of the management of HF patients in real life and their
compliance to the various treatments strategies may help to explain
the persistence of high mortality rate.

Claims databases have become excellent resources for the study
of diseases and outcomes in real life since they provide large, demo-
graphically diverse, multicentre cohorts at a fraction of the time and
cost of other conventional data sources.” In France, the SNDS
(Systéme National des Données de Santé) contains complete health care
data for over 99% the French population.’® Its 1/97th sample, the
EGB (Echantillon Généraliste de Bénéficiaires), provides a representative
and unselected sample of the whole population. These databases are
commonly used to study disease epidemiology, drug utilization, and
comparative effectiveness, including for HF.1%12 Diseases may be
identified using International Classification of Diseases, Tenth Revision
(ICD-10) codes from the national
(Programme de médicalisation des systémes d'information [PMSI]),
included in the SNDS. However, the validity and reliability of this

coding need to be verified against clinical diagnostic data, which has

hospital discharge database

not yet been done in France.

As a consequence, we did a validation study, the objective of
which was to assess the diagnostic accuracy of the HF ICD-10 codes
150.x in SNDS, by comparing discharge diagnostic codes to medical
diagnoses registered in patient medical records.

2 | METHOD

2.1 | Study design and data source

This validation study compared data from the French hospital discharge
database PMSI, to medical records. PMSI contains administrative and
medical data on all hospital admissions in any private or public health
care institutions in France. Hospitalization diagnoses are coded in ICD-
10 as principal diagnosis or secondary diagnoses; medical, surgical, and
other procedures are also included, as are expensive medications for
instance. They can be obtained separately for each hospital.

Medical records include, for each patient, hospital discharge
summaries and the results of biological, radiographic, or echocardio-
graphic examinations performed during the hospital stay. These
records are available through the hospital electronic medical records
system, or from clinical data warehouses.*>4

Two cohorts of patients were selected: one from PMSI, on the
ICD-10 discharge codes 150.x, which was compared with the electronic
health record (EHR) to calculate the code's positive predictive value

KEY POINTS

e This study assessed the diagnostic accuracy of the
discharge heart failure ICD-10 codes 150.x, in the
French National Healthcare Database.

e The positive predictive value of these codes was around
90%, thereby ensuring a reliable identification of

patients with a diagnosis of heart failure.

e However, the sensitivity remained modest; these codes
need to be implemented in a heart failure algorithm to

measure disease incidence accurately.

(PPV); a second cohort was identified from the discharge diagnosis
of HF, and the corresponding ICD-10 codes in PMSI were examined
to measure the codes' sensitivity.

2.2 | Study populations

Patients were over 40 years of age, hospitalized between 1 January
and 31 December 2014 in two large French academic hospital centres,
in Bordeaux (CHU de Bordeaux, CHUB) and in Paris (Hopital Européen
Georges Pompidou, HEGP).

2.2.1 | Selection and classification of patients from
the PMSI population

The PMSI population included a random selection of patients from
each hospital, identified by the presence of an ICD-10 hospital
discharge code 150.x in any diagnosis position (150.0 Congestive HF;
150.1 Left ventricular failure; 150.9 HF, unspecified).

For each patient, PMSI records were then linked to the corre-
sponding EHR, using the patient individual identity number and the
date of the hospital stay. If a subject had multiple hospital stays with
150.x discharge codes in the studied year, only the first visit was con-
sidered in the analysis. Two experienced physicians reviewed patients'
EHR in order to classify them as definite HF, potential HF, or
miscoded, using the European Society of Cardiology (ESC) definition
as gold standard.! A patient was considered as having a definite HF
if, in addition to the presence of an HF diagnosis or an equivalent term
established and validated by independent cardiologists (Appendix S1),
other more “objective” diagnostic criteria were found in the EHR.
“Objective” diagnostic criteria included structural or functional cardiac
abnormalities detected on echocardiography as defined by the ESC
and/or a brain natriuretic peptide (BNP) elevation over 400 pg/mL.
The patients with only an HF term with no other “objective” diagnostic
criteria were classified as potential. In the cases where a patient had
hospital discharge codes of HF in secondary diagnosis position with
no HF term mentioned in the corresponding EHR, the review board
also looked at hospital discharge summaries of prior admissions within
the previous 12 months to identify the presence of an HF term.
Otherwise, patients with hospital discharge codes of HF and with no
HF diagnosis in the corresponding EHR were defined as miscoded.
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For the determination of PPV, patients were considered as true
positives if HF diagnosis was definite or potential and as false-positive
cases if they were miscoded.

2.2.2 | Selection and coding of patients from the
EHR population

The EHR population, used to determine sensitivity of hospital coding,
included patients with a medical diagnosis or history of HF. At the
HEGP in Paris, patients were randomly selected using a full-text
search of HF terms (Appendix S1) through the 12B2 data ware-
house.’®* Two independent physicians then reviewed their EHR. In
CHUB, patients were selected by the hospital cardiologists from their
department database's active patient lists. For each included HF
patient, EHRs were then linked to the corresponding hospital dis-
charge ICD-10 codes using the patient individual identity number
and the date of the hospital stay. If a subject had multiple hospital dis-
charge summaries in the studied year, only the first visit was consid-
ered in the analysis. To measure sensitivity, patients were
considered as true positive if at least one 150.x discharge code was
found in any diagnosis position for the corresponding hospital stay.
Otherwise, patients were defined as false negatives for the code. An
independent expert committee of cardiologists reviewed each hospital

discharge summary to achieve consensus.

2.3 | Statistical methods

Patients' characteristics were described according to the data source
from which patients were identified.

Diagnostic accuracy of the hospital discharge codes 150.x was
estimated by the calculation of positive predictive value (PPV) sensi-
tivity (Se) and their corresponding 95% confidence intervals (95%
Cl). The formulae for PPV and Se were, respectively,

PPV = TP/(TP + FP),

Se = TP/(TP + FN),

where TP and FP are true and false positives, respectively, and FN is
false negative. The number of subjects needed to estimate a Se value
or a PPV of at least 85% with an accuracy of 5% and an « risk of 5%
was 204 patients for each cohort.

Analyses were performed by SAS software version 9.4 (SAS Institute
Inc; Cary, North Carolina).

2.4 | Sensitivity analysis

As quality of ICD coding might change over time and might depend on
the hospital departments involved in coding, two sensitivity analyses
were performed. A first analysis was conducted to assess spatial vari-
ability of coding quality by estimating the PPV of the 150.x codes
among the cardiology, internal medicine, and geriatric medicine
departments known to manage a higher number of HF patients than
the other departments. A second analysis was conducted to assess
temporal variability of coding quality by comparing the PPV of the
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150.x codes among patients selected in 2009 from the PMSI, to that
of patients selected in 2014.

3 | RESULTS

3.1 | Description of the study populations

Overall, we identified 200 possible HF cases with a discharge sum-
mary code 150.x in the PMSI population and 229 patients with an
HF diagnosis from the EHR (Figure 1). Several differences were found
in patient characteristics between the two datasets particularly
concerning mean age and some cardiovascular co-morbidities
(Table 1). For each population, patient characteristics were also
described stratified by the hospital centre (Appendix S2).

3.2 | PPV of the HF discharge codes 150.x

Among the 200 patients from the PMSI population, the HF code was
indicated as main diagnosis code in 36.5% and as secondary code in
63.5% (Table 2). From their EHR information, 121 (60.5%) were classi-
fied as having a definite HF, 55 (27.5%) as having a potential HF, and
24 (12.0%) as having a miscoded diagnosis of HF. The PPV of the HF
discharge codes 150.x was thus 60.5% (95% Cl, 53.7%-67.3%) when
the HF diagnosis was definite and 88.0% (95% Cl, 83.5%-92.5%) when
the HF diagnosis was definite or potential. The PPV of the HF dis-
charge codes 150.x was higher when the code was the main diagnosis
for both definite HF (69.9%; 95% Cl, 59.3%-80.4%) and
definite/potential HF (95.9%; 95% Cl, 88.5%-99.1%).

3.3 | Sensitivity of the HF discharge codes 150.x

Among the 229 HF patients from the EHR population, 64.2% (95% Cl,
58.0%-70.4%) had a code 150.x in the corresponding hospital discharge
summary. Among the 82 HF patients with no code 150.x in the corre-
sponding hospital discharge summary, 68% had a code related to an
underlying cardiac disease. The most frequent cardiac codes were those
related to ischaemic heart disease (48.7%; ICD-10 codes 120.x-125.x), to
dilated cardiomyopathy (31.7%; ICD-10 code 142.0), to atrial fibrillation
(25.6%; ICD-10 codes 148.x), to valvular disease (15.9%; ICD-10 codes
105.x-108.%, 134.x-137.x), or to another cardiac rhythm disorder (11.0%;
ICD-10 codes 144 x, 147 x, 149.x). Four patients were common to both
PMSI and EHR populations: one in Bordeaux and three in Paris.

3.4 | Sensitivity analyses

To assess spatial variability of coding quality, PPV was estimated within
the predefined hospital departments (Table 3). As patients could have
been admitted to different care units during their hospital stay, only the
care units that reported 150.x codes in the corresponding discharge sum-
mary were considered in the analysis. The review of EHR gave a PPV of
87% in Bordeaux and a PPV of 89% in Paris. By department, PPV was
90.7% in cardiology, 90% in internal medicine, 80% in geriatric medicine,
and 88% for the other departments. To assess temporal variability of
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coding quality, 200 patients who were hospitalized in 2009 with 150.x
codes at discharge were included. Among them, 149 (74.5%) had a
potential or definite HF according to their EHR.

4 | DISCUSSION

This present study examined the diagnostic accuracy of the HF ICD-10
codes 150.x in France, by comparing HF discharge diagnostic codes
with HF medical diagnoses registered in the patients' EHR. It suggests
that the 150.x codes are accurate enough to identify HF patients, but
failed to capture the exhaustiveness of HF inpatients. To our knowl-
edge, no validation study of the 150.x codes has been undertaken
and published so far in France.

In the present study, the PPV of the 150.x codes was globally sat-
isfactory: 88% of the 150.x patients were classified as having a definite
or potential HF according to the ESC definition. The validity of the

FIGURE 1 Flow chart of the two study
cohorts identified in two hospital centres from
the French hospital discharge database, the
PMSI (Programme de médicalisation des
systémes d'information) or from the electronic
health records (EHRs)

codes 150.x was markedly higher when the codes were specified as
main diagnosis and higher in patients treated in internal medicine
and cardiology compared with geriatrics. This finding was consistent
with studies in other settings, for which the PPV varied from 76 to
93%.1520 As expected, the highest values were found in studies which
focused on specific populations where prevalence of HF may be
higher, such as patients with acute myocardial infarction,?* or patients
from emergency departments.'® The present study also found a ten-
dency to increasing PPV over time. This could reflect the progressive
improvement of coding in France stimulated by a national quality con-
trol drive with regular coding audits and the publication of clear diag-
nostic criteria by professional bodies (ESC).

The present study reported a rather modest sensitivity (64.2%).
This proportion may even be slightly overestimated as an important
part of HF patients (51.5%) was identified by cardiologists, who have
greater experience in coding cardiac diseases than other physicians.
One explanation may be the use by clinicians of codes related to an
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TABLE 1 Patients' characteristics at baseline in the ICD-10 popula-
tion or the population identified from the electronic health records
(EHR)

PMSI EHR
n =200 n =229
Sociodemographic characteristics
Age, y (£SD) 76.8 (+13.4) 69.1 (x11.5)
Female, n (%) 90 (45.0) 66 (28.8)
Inclusion site
CHU de Bordeaux 100 118
Hopital Européen Georges Pompidou 100 111
Co-morbidities
Cardiovascular
Arterial hypertension 105 (52.5) 113 (49.3)
Ischaemic heart disease 0 (35.0) 122 (53.3)
Atrial fibrillation 4 (32.0) 83 (36.2)
Valvular disease 7 (23.5) 70 (30.6)
Dilated cardiomyopathy 7 (13.5) 67 (29.3)
Hypertrophic cardiomyopathy 8 (4.0) 7 (3.1)
Hypertensive heart disease 0 (5.0) 5(2.2)
Dyslipidaemia 0 (25.0) 97 (42.4)
Diabetes 9 (19.5) 55 (24.0)
Noncardiovascular
Chronic kidney disease 3 (26.5) 49 (21.4)
Tumour 1 (15.5) 23 (10.0)
Respiratory insufficiency 0 (15.0) 5(2.2)
COPD 14 (7.0) 22 (9.6)
Peripheral artery disease 10 (5.0) 19 (8.3)
Thyroid disease 9 (4.5) 13 (5.7)
Biological parameters
Type B natriuretic peptide, n (%)
100-400 pg/mL NA 63 (27.5)
>400 pg/mL NA 69 (30.1)
Echocardiography
LVEF < 50%, n (%) NA 149 (65.1)

Abbreviations: BNP, type B natriuretic peptide; COPD, chronic obstructive
pulmonary disease; HNT, arterial hypertension; LVEF, left ventricular ejec-
tion fraction; NA, non-available.

underlying cause of HF such as ischaemic heart disease, dilated cardio-
myopathy, atrial fibrillation, or valvular disease instead of specific HF
codes. This may also reflect coding practice: An HF might not be
coded by clinicians for patients with stable HF that did not require
specific treatment during the hospitalization. The variability of
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TABLE 3 Positive predictive value (PPV) of the codes 150.x and its
corresponding 95% confidence interval (95% Cl) estimated according
to the hospital department responsible for coding and to the coding
year, in patients from the ICD-10 population

n PPV 95% CI

Hospital centre

CHU de Bordeaux 87 87.0 80.4-93.6

Hopital Européen Georges Pompidou 89 89.0 81.1-94.4
Coding hospital department

Cardiology (n = 108) 98 90.7 85.3-96.2

Geriatric medicine (n = 10) 8 80.0 44.4-97.5

Internal medicine (n = 21) 17 90.0 58.1-94.6

Other departments (n = 83) 73 88.0 81.0-95.0
Coding year

2009 (n = 200) 149 74.5 68.5-80.5

2014 (n = 200) 176 88.0 83.5-92.5

Abbreviations: HF, heart failure, PPV, positive predictive value; 95% ClI,
95% confidence interval.

sensitivity estimates for HF coding in the literature ranged from 29%
to 86%.152° The considerable heterogeneity of PPV and sensitivity
across these studies may be related to the choice of the study popu-
lation, the predefined HF algorithm, the clinical settings, and the refer-
ence standards used, making international extrapolations difficult.
Most of these studies were conducted on general hospitalized popula-
tions, but one of them was limited to a selected population of elderly
people in whom HF is more prevalent.'® All of these studies validated
administrative coding data using medical record reviews, but some of
them, in conjunction with chart reviews, applied specific standardized
criteria such as Framingham®® or ESC criteria.>”*® Finally, the number
and the type of the codes combined in the HF algorithms varied
according to the studies even though the common ICD-10 codes in
all studies was 150.x.

The low sensitivity of the ICD-10 codes 150.x renders inappropri-
ate the sole use of these codes in epidemiological studies examining
incidence or prevalence of the disease. On the other hand, high PPV
is desirable when studying comparative effectiveness of drugs in a
given indication.

4.1 | Study strengths and weaknesses

Among the strengths is that HF diagnosis in EHR was confirmed based
on the benchmark diagnosis criteria of the ESC by two experienced

TABLE 2 Positive predictive value (PPV) of the codes 150.x and its corresponding 95% confidence interval (95% Cl) according to the code
position and the HF diagnosis classification, in patients from the ICD-10 population (n = 200)

Definite HF Definite/Potential HF
n PPV 95% ClI n PPV 95% CI
150.x code position
Main diagnosis (n = 73) 51 69.9 59.3-80.4 70 95.9 88.5-99.1
Secondary diagnosis (n = 127) 70 55.1 46.5-63.8 106 83.5 77.0-89.9
Any field (n = 200) 121 60.5 53.7-67.3 176 88.0 83.5-92.5

Abbreviations: 95% Cl, 95% confidence interval; HF, heart failure; PPV, positive predictive value.
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physicians, which can certify the reliability of the established diagno-
sis. Our analyses included a large representative sample of patients,
randomly selected in two major French university hospitals. The 1-
year study period allowed to reduce seasonal variations observed in

prevalence of HF rehospitalizations,?>2°

which may have influenced
PPV estimates. For each HF patient identified from either PMSI or
EHR, only one hospital stay was considered, to avoid coding redun-
dancy for the same patient, which may overestimate PPV estimates.
Lastly, our sensitivity analyses provided a detailed overview on spatial
and temporal variability of coding quality.

There are also some weaknesses: The study focused on
estimating PPV and Se of the 150.x codes, but did not attempt to eval-
uate the specificity and the negative predictive value (NPV). Specificity
and NPV could not be calculated in the present study because data
were sampled from the codes and the diagnosis of interest. The choice
of the diagnostic accuracy parameters is crucial and mainly depends
on the study objective and thus the study design. For instance, a high
PPV allows a reliable identification of patients with a diagnostic of
interest in a cohort allowing to minimize misclassification bias, but it
cannot stand alone to estimate disease incidence. However, a high
value of Se can redress this issue by providing accurate estimates of
the disease incidence. This study also focused on only one set of
codes intended to identify HF, while other studies included a larger
selection of codes also related to the underlying disease.?*?* We
chose the codes 150.x because they correspond precisely to the HF
definition, irrespective of the HF aetiology. The custodians of the
national SNDS database have suggested an HF identification algo-
rithm,?> which might be an interesting addition for the diagnosis, but
its performance was not yet validated. Finally, coding performance
was assessed in two major university hospitals, but coding may be dif-
ferent in smaller hospitals, or in private clinics. This may not affect
PPV and association studies, but might degrade sensitivity. This would
warrant further studies in these secondary information centres and
the diffusion of coding guidelines for the use of the diagnostic codes.
These putative local variations may be mitigated by the ongoing effort
by the national hospital association ATIH, the health care insurance
system, and the regional health authorities to harmonize coding across
the country, using instruction manuals for coding, by hiring profes-
sional coding assistants and by regular audits of the codes in randomly
chosen hospitalizations.

5 | CONCLUSION

The hospital discharge summary ICD-10 codes 150.x were reliable to
identify cases of HF but did not identify them exhaustively. The effects
of high PPV and middling sensitivity will vary according to the use and
objectives of pharmacoepidemiological studies in national databases.
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2.4.Discussion of main results

To date, this study is the first in France to assess the diagnostic accuracy of the HF
hospitalization discharge codes by comparing recorded discharge diagnoses and
electronic health records. Results confirm that the use of the hospitalization
discharge codes 150.x allow to identify not exhaustively but with sufficient accuracy
HF hospitalized patients. The high Positive Predictive Value (PPV) estimated for the
codes 150.x was consistent with studies in other settings [81-86]. This suggests that
these codes may be used for identification of HF patients, irrespective of the
database considered. One explanation of this high estimate is that HF is
characterized by a constellation of symptoms, which taken individually are not
specific of the disease, but taken together, are sufficient to accurately diagnose HF.
As reported in a previous study, most HF patients present with more than one of
these symptoms when they get hospitalized [87]. Furthermore, HF diagnosis is often
confirmed by paraclinical exams such as BNP or echocardiography, performed
during the hospitalization stay, which should not lead to a coding different from that
used for HF. Our study also reported a modest value of sensitivity which may be
explained by the fact that clinicians have coded for underlying cardiovascular
disease responsible for HF rather than for HF. One reason of this coding may be that
a specific treatment has been initiated during hospitalization to manage these
diseases in addition to the standard HF treatment (i.e. anticoagulant in atrial
fibrillation, or platelet aggregation for ischemic heart disease).

One of the main limitations of this study was that coding performance was assessed
in two major university hospitals. Coding may be different in smaller hospitals, or in
private clinics. This may not affect PPV and association studies, but might degrade
sensitivity. These putative local variations may be mitigated by the ongoing effort by
the national hospital association (ATIH), the healthcare insurance system and the
regional health authorities to harmonize coding across the country, using instruction
manuals for coding, by hiring professional coding assistants, and by regular audits of
the codes in randomly chosen hospitalizations. Another limitation was that this
validation study did not allow us to distinguish between HFpEF and HFrEF patients.
Indeed, at the time when the study was carried out, codes specific to HFpEF or
HFrEF and results of the echocardiography were not available in the PMSI| database.
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Since March 1%, 2019, ATIH has decided to introduce new codes that would

characterize the left ventricular EF:

1. 150.00 or 150.10 for HF with LVEF > or= 50%;

2. 150.01 or 150.11 for HF with LVEF< 50% and > or = 40%;
3.  150.02 or 150.12 for HF with LVEF <40%;

4. 150.09 or 150.19 for HF with unspecified LVEF.

It will therefore be necessary to carry out further validation studies in the future to
assess the performance of these new codes. For studies undertaken before 2019 in
the SNDS database, it will also be essential to identify what proxies could be used to
distinguish between HFpEF and HFrEF patients. Finally, the current coding methods
for HF in the PMSI database are not sufficient to certify the chronic or acute nature of
HF. According to the ATIH’s guidelines, primary diagnosis is the health problem that
motivates the admission in the hospital and that determines the hospital discharge,
and associated diagnoses include all underlying (chronic or not) health conditions,
which have required medical care during the hospitalization stay. Acute HF is thus
mostly coded as primary diagnosis, but it can also be coded sometimes as
associated diagnosis. For instance, if a patient presents with an acute heart failure
caused by a pulmonary infection, the primary diagnosis will be “pneumonia” and HF
will be indicated as associated diagnosis. This issue must be properly taken into

account in further research.

2.5.Conclusion

The French nationwide claim database satisfies many criteria required for the
assessment of the therapeutic management of HF and its risk of cardiac
decompensation in real-life setting. Data of the SNDS or its representative sample,
the EGB, are available for a long period of time: data collection started from 2005-
2006 and will continue for a period of maximum 20 years. These databases are used
to conduct longitudinal studies as it permits tracing back patients’ care paths and use
of care in both hospital and office-based care environments over a long period.
Although the procedure of data access is complex, it remains more economic and
faster than for field studies.
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One limitation of these databases concerns the reliability and validity of the data they
contain. Results of this study, which was the first in France to assess the diagnostic
accuracy of the HF hospitalization discharge codes, confirmed that data from the
French hospitalization discharge summary database are sufficiently accurate to
identify HF patients or HF outcome in the context of this thesis. However, other
features should be used in addition to this coding to ensure a better characterization
of HF (chronic or acute, with preserved or reduced EF). PPV of HF coding being very
consistent with that of studies performed in other countries, this allows consideration

of the replication of this work at international level.

This first study confirmed that it that it is possible to identify with adequate accuracy
the source population and the outcomes of interest that will be studied in our further
research. Primarily, it was about describing the use patterns of treatment used in HF
in real world. This was the secondary objective of this thesis.
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Chapter 3: Heart failure treatment use in real world

3.1.Rational and methodological considerations

Modalities of chronic HF management have considerably expanded these last 35
years. These involve multiple levels of action: an improving primary prevention based
on a multi-disciplinary approach involving general practitioner, cardiologist,
physiotherapist, nurse or dietician, a highly codified pharmacological treatment in
case of HFrEF and surgical therapeutic options.

Current pharmacological treatments have clearly shown important benefice in term of
morbidity and mortality in chronic HF, but their appropriate use remains
indispensable to expect benefit. Persistence and adherence are two parameters
commonly used in pharmacoepidemiology studies to assess how treatments are
used in clinical practice. Previous studies have reported non optimal adherence to HF
treatment but with estimates which varied widely according to the method applied
[62, 63] and persistence was estimated as high with treatment dosages below
recommended dosages [53-55]. These studies considered only patients who initiated
the studied treatment at discharge from a HF hospitalization but not patients who
initiated therapy as outpatients. However, HF is a chronic disease, which rapidly
evolves and thus implies constant adjustment of HF treatments over time. Adherence
and persistence are thus two parameters difficult to handle for assessing in a
representative way, how HF treatments are used in clinical practice in the overall

population of HF patients.

Instead of focusing on HF treatment adherence or persistence, we thus decided to
study the treatment initiation patterns and the subsequent treatment changes among
HF patients after an initial hospitalization for HF.

3.2.Objective

To our knowledge, only one study has dealt with this subject with the same approach
as ours using US medical and pharmacy claims data from the Truven Health
MarketScan database [59]. Prior to initiating this work, no study has been carried out
on this topic in France. The objective of this work was thus to describe the treatment
initiation patterns and the subsequent treatment changes among HF patients, in the
first year following an incident hospitalization for HF, in a real-world setting, using
data from the random sample of the French nationwide claims database, the EGB.
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Results of this study have been accepted for publication in the European Journal of
Clinical Pharmacology.

3.3. Article
3.3.1. Reference

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C.
Pharmacological treatment patterns in heart failure: a population based cohort study.
Accepted in Eur. J. Clin. Pharmacol., July 2019.

3.3.2. Abstract
Background: Although the efficacy and safety of existing therapies of heart failure (HF) have
been demonstrated in clinical trials in the last 35 years, little is known about the treatment
patterns of HF in clinical practice, especially in France.
Objectives: To describe the treatment initiation patterns and the subsequent treatment
changes among HF patients, in the first year following an incident hospitalisation for HF, in a
French real-world setting.
Methods: A cohort of patients aged 40 years old and older, with an incident hospitalisation
for HF between January 1, 2008 and December 31, 2013, was identified in the EGB, the
1/97" permanent random sample of the French nationwide claims database. All patients who
died during the index hospitalization or with a period of at least 3 consecutive months with no
healthcare dispensing recorded were excluded. All included patients were followed one year.
HF drugs of interest were: beta blockers (BB), angiotensin-converting enzyme inhibitors
(ACEI), angiotensin receptor blockers (ARBs), aldosterone antagonists (AA), diuretics,
digoxin or ivabradine. Drug exposure was assessed quarterly using a Proportion of Days
Covered = 66% (= 60 days out of the 90 days of the quarter covered by the treatment of
interest), by considering HF drugs individually or in combination. Drug changes were
assessed between each quarter over the first year of follow-up.
Results: Between 2008 and 2013, 7,387 patients from EGB were included. The mean age at
baseline was 77.7 years (£12.0 years) and 51.6% were women. During the follow-up, 24.4%
of patients died and around 20% were not exposed to any HF treatment. From the 1% quarter

to the end of follow-up, 48.3% to 43.2% of patients had diuretics, around one third had BB or
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ACEI, around 9% had ARB or AA, 6% had digoxin and 2% had ivabradine. The main change
occurred between the first and the second quarter and concerned 53.1% of the initially
untreated patients; by the second quarter, 22.2% had initiated a BB/ACEI/ARB combination,
13% a diuretic alone, 7.4% a BB and 4.9% a BB/ACEI/ARB/AA combination.

Conclusion: This study provides precious information on treatment patterns after an initial
hospital admission for heart failure at a time when new treatments for heart failure are

emerging.
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ABSTRACT

Background: Although the efficacy and safety of existing therapies of heart failure (HF) have
been demonstrated in clinical trials, little is known about the treatment patterns in clinical
practice, especially in France.

Objectives: To describe the treatment initiation patterns and the subsequent treatment
changes among HF patients, in the first year following an incident hospitalisation for HF, in a
French real-world setting.

Methods: A cohort of patients aged > 40 years, with an incident hospitalisation for HF
between 01/01/2008 and 31/12/2013, was identified in the 1/97™ permanent random sample of
the French nationwide claims database and followed 1 year. HF drug exposure - beta blockers
(BB), angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers
(ARBs), aldosterone antagonists (AA), diuretics, digoxin or ivabradine- was assessed
quarterly using a Proportion of Days Covered > 66% (> 60 days out of the 90 days of the
quarter), by considering HF drugs individually or in combination. Drug changes were
assessed between each quarter.

Results: Between 2008 and 2013, 7,387 patients were included. Their mean age was 77.7
years (£12.0 years) and 51.6% were women. During the follow-up, 24.4% died, 20% were not
exposed to any HF treatment, 48.3% to 43.2% had diuretics, one third had BB or ACEI, 9%
had ARB or AA, 6% had digoxin and 2% had ivabradine. The main change occurred between
the first and the second quarter for 53.1% of the initially untreated patients.

Conclusion: This study provides valuable information on treatment patterns after an initial

hospitalization for HF.
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INTRODUCTION

Heart Failure (HF) represents a major health problem, especially in the aging populations of
developed countries. It affects from 1 to 2 % of the adult population, up to 10% or more in
people over 70 years of age [1]. In France, its prevalence was estimated in 2008 to be 2.3% of
the adult population and it reached 15.1% among people over 85 year of age [2] its mortality
is estimated at nearly 50% within 5 years of diagnosis [3-5]. It is also associated with a high
economic burden with, in 2013, an estimated health expenditure of around 2% of the
European total health-care budget [3, 4] and around €2.5 billions of the healthcare expenditure
supported by the French National Health Insurance System [6].

HF is generally divided into two main types, heart failure with reduced ejection fraction
(HFrEF), which mainly affects younger patients and patients with myocardial mass reduction
(e.g. because of previous myocardial infarction or with idiopathic cardiomyopathy) and heart
failure with preserved ejection fraction (HRpEF), which mainly affects elderly. Current
guidelines clearly define the pharmacological management of HFrEF patients. For these
patients, the European Society of Cardiology (ESC) recommends, as first-line treatment, the
use of neuro-hormonal antagonists (cardioselective Beta Blockers (BB); angiotensin-
converting enzyme inhibitors (ACEI); angiotensin receptor blockers (ARBs)) with a diuretic
to relieve retention symptoms [7, 8]. An aldosterone antagonists (AA) may be added to the
previous combination of treatment if patients have persisting symptoms. Finally, digoxin and
ivabradine may be proposed if patients fail to respond. To date, no pharmacological treatment
has demonstrated efficacy for the treatment of HF with preserved ejection fraction (HFpEF):
calcium-channel blocker (CCB) and some HFrEF treatments are still used in HFpEF patients
without any recommendation [7, 8].

The efficacy of existing therapies for HFrEF has been demonstrated in clinical trials, as was
their safety with over 35 years’ experience. However, little is known about the actual

treatment patterns of HF in clinical practice in France. Observational studies have described

58



the treatment initiated just after a HF hospitalization [9, 10], but none studied the changes in
treatment after initiation.

The objective of this study was thus to describe the treatment initiation patterns and the
subsequent treatment changes among HF patients, in the first year following an incident

hospitalization for HF, in a French real-world setting.
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METHOD

Study design and data source

This is a cohort study using data from the EGB database (Echantillon Généraliste de
Bénéficiaires), a representative permanent /97" sample of the national healthcare data
system in France, SNDS (Systéeme National des Données de Santé), which covers 99% of the
French population from birth to death [11]. Complete data before 2011 are available for
subjects covered by the main scheme, covering salaried employees and their dependents, i.e.,
76% of the French population. For each insured person, SNDS provides pseudonymized
information on all reimbursed medical and paramedical encounters, drugs claims, hospital
admissions and procedures except for psychiatric hospitals and rehabilitation centres,
registration for Long Term Disease (LTD) and date of death. Hospital diagnoses are coded
according to the International Classification of Disease 10™ edition (ICD-10) and the quality
of this coding is ensured by regular internal and external audits [12]. The quality of hospital
coding for HF has been verified (13). Death is recorded in CepiDC., the national death
registry. These three databases are linked so that it is possible to create a longitudinal record

for each patient in the linked databases [11].

Study population

We included in the cohort all patients aged over 40, covered by the main health insurance
system, with an incident hospitalization for HF between January 1, 2008 and December 31,
2013. An incident HF hospitalization was defined as a first hospitalization with a discharge
code I50.x of the ICD-10 in any diagnostic position, with no LTD registration or hospital
admission for HF in the 2 previous years. The date of the incident HF hospitalization
discharge was defined as the index date. Patients were required to have a pre-index period of
1 year and at least 1 year of follow-up after the index date (excluding deaths). We excluded
all patients who died during the index hospitalization or who had a period of at least 3
consecutive months with no healthcare dispensing recorded (i.e. patients who were probably
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institutionalized, for whom healthcare use data is not available in the database). Patients were

followed for 1 year after index date or until death if it occurred before.

Study variables

Baseline patient characteristics at index date included age and gender. Comorbidities were
defined using disease identification algorithms developed by the custodians of the French
national healthcare system which includes disease-specific treatments, diagnosis ICD-10
codes of hospital discharge summaries and LTD registrations [13] identified during the year
before index period. Characteristics of the index hospitalization included length of stay and
procedures performed during the stay. Drug treatment at index date was identified for the
following treatment classes: cardioselective BB, ACEI, ARB, AA, digoxin, ivabradine,
diuretics (loop or thiazide diuretics) and calcium channel blockers (CCB). Drug treatment
during the follow-up was identified for the same classes except for CCB since they are not
included in current guidelines of HF with preserved Ejection Fraction (HFpEF) and they are
not specific treatment for HF. Drug exposure was assessed quarterly in the first year of
follow-up using the Proportion of Days Covered (PDC) by each drug. We defined PDC as the
number of days covered by all drug dispensings in a given quarter, divided by the total
number of days in the quarter (90 days). Each drug dispensing covered a period of 30 or 90
days according to the number of tablets dispensed. If a patient had a PDC > 66.6% (i.e.
exposure to a medication at least 60 days over a quarter), then this patient was considered as
exposed to the treatment in the entire quarter. We included the duration of hospitalizations
during the studied quarter in the calculation of the coverage period if patient was already
exposed to the medication on the first day of this hospitalization (Supplementary Figure 1).
The exposure of patients who died during the quarter was not assessed in the considered
quarter. Patients were grouped based on the medications to which they were exposed during
that quarter and according to the different lines of HFrEF treatment proposed by the ESC

guidelines. We thus considered the following combinations:
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- No HFrEF treatment;
- Diuretics alone;
- BB alone;
-  BB/ACEI/ARB (i.e. BB+ACEI or BB+ARB or ACEI or ARB or ACEI+ARB or
BB+ACEI+ARB);
- BB/ACEI/ARB/AA (i.e. BB+ACEI+AA or BB+ARB+AA or ACEI+AA or ARB+AA
or ACEI+AA+ARB+ or BB+AA or AA alone)
- Any combination with digoxin or ivabradine.
Diuretics were not included in combination treatments (except when considered alone) since
they are given mainly for management of symptoms. Patient who died or who had a device
treatment such as implantable cardioverter defibrillator (ICD)/cardiac resynchronization

therapy (CRT) during the quarter were also identified.

Statistical Analyses

Main analysis

We performed descriptive analyses where categorical variables were described in number and
percent, and quantitative variable in mean and standard deviation (SD) or median and
interquartile range (IQR). As the information on ejection fraction was not available in our
database, we used the age as a proxy for the type of HF and we thus categorized our analyses
by age (40-65 years, >75 years). Patients under 65 years are more likely to have HFrEF [14] ,
whereas patients over 75 years are known to be more likely to have HFpEF [15, 16]. We used
a Sankey diagram to illustrate the drug modifications over the first year of follow-up.
Sensitivity analysis

We also performed a sensitivity analysis that consisted in varying the threshold of the PDC

from 50% to 80%.
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RESULTS

Among the 10,919 patients identified in the EGB who had an incident hospitalization for HF
between 2008 and 2013, 7,387 met the inclusion criteria (Figure 1).

Baseline characteristics

Characteristics of the study population at baseline and description of the index hospitalisation
are reported in Table 1. Patients had a mean age of 77.7 years (+12.0 years); 68.5% were over
75 years old and 15.5% were under 65. Proportions were relatively well distributed in the
whole cohort between males (48.4%) and females (51.6%), but the proportion of women
tended to be higher in patients over 75 years old (59.1%) than in patients under 65 (33.4%)).
The most frequent cardiovascular conditions were high blood pressure (HBP; 86.3%), atrial
fibrillation (40.5%) and ischemic heart disease (33.7%). About one fourth of patients had
diabetes (27.8%) or a chronic respiratory disease (28.1%) and 14.4% had chronic renal
failure. The proportion of patients with HBP or chronic renal failure tended to be higher in
patients above 75, while the proportion of patients with ischemic heart disease or chronic
respiratory disease tended to be higher in those under 65. Within the 12 months pre-index
period, patients had a median of 12 (IQR [8.0;18.0]) outpatient consultations: patients over 75
years old had a median of 13.0 (IQR [8.0;19.0]) while patients under 65 years old had a
median of 9.0 (IQR [5.0;15.0]) office visits. During this 12-month period, almost all patients
visited a general practitioner but only around 30% of them visited a cardiologist. The median
number of previous hospitalizations was 2.0 (IQR [1.0;3.0]) and the median number of
distinct medications dispensed within the pre-index period was 17.0 (IQR [12.0;22.0]). The
median duration of the index hospitalization was 8.0 days (IQR [4.0;14.0]). For 15% of
patients, a measure of plasma BNP or an echocardiography was performed during the stay.
Three quarter of patients returned home after hospitalisation discharge.

HF treatment

Overall, 10.9% died during the first quarter after initial hospital discharge and 24.4% during
the year of follow-up. Within the 90 days following the hospital discharge, 71.9% of patients
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received at least one dispensing of a diuretic, 42.2% at least one of BB, 40.8% at least one of
ACEIL 12.9% at least one of ARB, 14.4% at least one of AA, 10.1% at least one of digoxin
and 2.6% at least one of ivabradine (Table 2). The proportion of patients with at least one
dispensing of BB, ACEI, AA, or ivabradine tended to be higher in younger patients and the
proportion of patients with at least one dispensing of diuretics, ARB or digoxin tended to be
higher in older patients. A quarter of the patients had at least one dispensing of CCB, and
particularly dihydropiridines, whatever their age.

When exposure was assessed quarterly by the individual PDC for each medication, the
proportions of patients increased between the 1* and the 2nd quarter for each medication and
then slightly decreased from the 2™ quarter to the end of follow-up: from 48.3% to 43.2% of
patients had diuretics, around one third had BB or ACEI, around 9% had ARB or AA, 6% had
digoxin and 2% had ivabradine. When stratified by age, the proportion of patients receiving
BB, ACEI, AA, or ivabradine tended to be higher in younger patients while the proportion of
patients receiving diuretics, ARB or digoxin tended to be higher in older patients for each
quarter. When assessed in the 5585 (75.6%) patients who did not die during the follow-up, the
distribution of patients covered by each HF drugs was broadly constant over quarters
(Supplementary Figure 2).

When HF medications were grouped by combination, their dispensing increased slightly
between the 1% and 2™ quarters but remained broadly constant over the three remaining
quarters: around 30% of patients had a combination involving BB/ACEI/ARB, around 10%
were treated with either BB or diuretics alone, around 7% had a combination of
BB/ACEI/ARB/AA or any combination with digoxin or ivabradine (Table 3). When stratified
by age, proportions of patients with BB/ACEI/ARB or BB/ACEI/ARB/AA tended to be
higher in younger patients. In the 1** quarter, 37.1 % of patients were not exposed to any HF
treatment. This concerned around 16-18% of patients in the following quarters, and mostly
younger patients. Use of implantable device was limited with less than 1% of patients

concerned in each quarter.
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HF treatment changes

Treatment changes during follow-up are summarized in Figure 2. The main changes occurred
between the first and the second quarter and concerned 53.1% of patients who were initially
not exposed to any HFrEF drug. By the second quarter, 22.2% of the 2,741 initially untreated
patients initiated a BB/ACEI/ARB combination, 13% a diuretic, 7.4% a BB and 4.9% a
BB/ACEI/ARB/AA combination, but 38.1% remained untreated (see supplementary Table 1).
By the third and fourth quarters, respectively 12.4% and 10.2% of untreated patients initiated
a BB/ACEI/ARB combination. It is interesting to note that for each quarter, between 6 and
7% of the patients previously treated with BB/ACEI/ARB became untreated. Between the
second and the fourth quarter of follow-up, the majority of the patients remained treated with
the same treatment: this concerned approximately 60-70% of patients on diuretics, 70% of
patients on BB, 75% of patients on BB/ACEI/ARB/AA, and 80% of patients on
BB/ACEI/ARB.

Sensitivity analysis

For a PDC > 50%, a less restrictive definition of the drug exposure, 12.2 to 22.9% of patients
were identified as untreated and 63.4 to 69.1% were identified as treated for each quarter
(Supplementary Table 2). For a PDC > 80% - a threshold traditionally used to assess
adherence, 23.9 to 63.6% of patients were identified as untreated and 25.5 to 56.6% were

identified as treated for each quarter.
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DISCUSSION

Using data from a representative nationwide claim database, this study gives valuable
information on the pharmacological management of HF patients in France, over the year
following a first hospitalization for HF in a real world setting. Between 17% and 37% of
patients, mostly under 65, were not exposed to any HFrEF treatment in the year following
hospital discharge. For patients treated with HFrEF treatment, the most frequent treatment
used was the combination BB/ACE/ARB, especially in younger patients. The majority of
patients remained treated during the first year of follow-up with the same treatment initiated

within the 90 days following initial hospital discharge.

Our study population characteristics at hospital discharge were consistent with those of other studies
[10, 17, 18]. Stratification according to age — due to the lack of data for EF — provided groups of
patients whose characteristics were broadly similar to those of the HFrEF/HFpEF patients. As
reported by another study focusing on HFpEF patient characteristics, patients over 75 years old were
more likely to have cardiovascular comorbidities such as hypertension, atrial fibrillation and valvular
disease and non-cardiovascular comorbidities such as renal failure [19]. However, contrary to
existing data, patients over 75 years old did not have more diabetes, psychiatric disorders or chronic
respiratory disease than younger patients [19]. As reported by other studies focusing on HFrEF
patient characteristics, patients under 65 years old were more likely to be male and to have
cardiovascular comorbidities such as ischemic heart disease and dilated cardiomyopathy [14, 20].
This may also justify the relatively high rates of diabetes and chronic respiratory disease (markers of
overweight and chronic smoking), both associated with ischemic heart disease, a major provider of

HRrEF [21].

As previously reported, 37.1% of patients were not exposed to any HFrEF treatment in the
first quarter following hospital discharge. This may concern HFpEF patients for whom there
is no recommended therapy, but the similar distribution of untreated patients between age
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groups does not support this hypothesis. Age is only a proxy of the HFtEF/HFpEF status and
this variable might thus not distinguish accurately between HRrEF and HFpEF.
Pharmacologically untreated patients may be New York Heart Association Classification
(NYHA) class I patients who may benefit from strict application of dietary rules only. The
NYHA class is not available in our database making identification of these patients difficult.
In the second quarter of follow-up, 53.1% of the initially untreated patients were treated with
a HFrEF medication, but 16.3% remained still pharmacologically untreated at the end of the
follow-up. These results are in line with other studies which found a proportion of untreated
patients varying between 29% and 41.8% [22, 23]. The most likely is that these patients with
a first episode of heart failure were initially treated with dietary restriction, especially salt-free
diet. It is if this diet failed to control heart failure symptoms that they were put on a medicinal
treatment we could identify.

For each HF medication, the percentages of patients treated at hospital discharge were lower
than those reported in other studies [17, 18, 24, 25], but patients included in these studies
were prevalent HF hospitalized patients. In our study, most treated patients had diuretics, BB
or ACEI The proportion of patients using ivabradine after hospitalization was small, but this
may be explained by the later emergence of clinical trial data regarding ivabradine [26]. The
high use of CCBs mainly represented by dihydropiridines reflects the use of these medications
essentially for HBP treatment. The proportion of patients having an ARB was lower than
expected (expected to be similar to that of patients treated with ACEI), but this might be
explained by the fact that our study included a relatively healthier, newly diagnosed
population. Our results appeared to be consistent with those reported by two other studies that
also included incident HF patients [10, 23]. Prescribers may prefer to start with ACEI, and
switch to ARB in the case of poor tolerability of the ACEI (e.g., cough)

Treatment changes were mostly observed during the first quarter among the 53.1% of
untreated patients who became treated in the following quarter. This suggests a delay of
around 3 months in HF treatment initiation after a first HF hospitalization discharge.
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Interestingly, a non-negligible proportion of patients treated with the combination of
BB/ACEI/ARB (7-8%) had a treatment de-escalation for each quarter throughout the study
period. It is however difficult to know if this is related to a medically justified reason (i.e.,
patients with mild HF symptoms, effective non-pharmacological treatment, patients who did
not tolerate treatment or with severe comorbidities) or not (i.e. patients with poor treatment
adherence). To our knowledge, only one recent study offers consistent data on HF treatment
changes, but the measure of exposure was not assessed in the same way than ours, leading to

results that are difficult to compare [23].

Our study presents several limitations. These mainly concern those common to most
healthcare databases, namely the assumption that treatment dispensing equates intake, but
these databases have been frequently used and validated for the assessment of medication-
taking behavior [27, 28]. Furthermore, some useful information for characterizing HF patients
was lacking in our database. This concerns for instance the ejection fraction, useful to
distinguish between HFrEF and HFpEF patients (although we used age as a proxy to counter
this limit), the results of the BNP done during the stay which would have help to characterise
the type of heart failure more accurately, the NYHA class necessary to assess HF severity, or
the reason for office visits, important to identify better the onset of HF. Another limitation is
that we used incident HF hospitalizations to identify and include our study population. Our
results can thus not be extrapolated to prevalent HF outpatients. This however concerns but a
minority of patients since HF tends to rapidly worsen and inevitably results in hospitalization.
The specified threshold of PDC used to measure drug exposure (66%) may be discussed since
it does not correspond to the common 80% threshold recommended to assess adherence in
pharmacoepidemiology studies [28]. Our threshold seems however more appropriate to assess
exposure to a chronic treatment quarterly in a real world setting. A threshold of 66.6% (i.e. at
least 60 days) is less restrictive than a threshold of 80% - as reported in the sensitivity analysis
- when drug exposure is assessed quarterly.
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This study has also several important strengths. First, it relies on a high quality database, the
EGB, which contains a population representative of the French national population and which
thus provides reliable estimates of drug utilization in real world conditions [11]. The ICD-10
codes applied to select our study population have been previously validated and provide good
diagnostic performance (PPV: 88.0%).[29] Finally, our exposure measure allows a complete
assessment of the HF drug utilization in real world setting, taking into account both

dispensing and coverage of a drug over a considered quarter.

In conclusion, this study provides possibly valuable information on treatment patterns after an
initial hospital admission for heart failure, as a baseline for the study of the medicinal
interventions and the risk of re-hospitalisation or death from heart failure, at a time when new

treatments for heart failure are emerging.
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Table 1. Description of patient baseline and index hospitalization characteristics

[40;65 [ years 275 years Cohort
n =1,147 n = 5,059 n=7,387
Demographic characteristics
Mean age (+ SD) at index date (in years) 56.1(6.5) 84.5 (5.8) 77.7 (12.0)
Sex female, n (%) 383 (33.4) 2,991 (59.1) 3,813 (51.6)
Comorbidities, n (%)
High blood pressure 857 (74.7) 4,498 (88.9) 6,372 (86.3)
Ischemic heart disease 454 (39.6) 1,558 (30.8) 2,488 (33.7)
Cardiac rhythm disorders 204 (17.8) 1,012 (20.0) 1,438 (19.5)
Valvulopathy 179 (15.6) 928 (18.3) 1,317 (17.8)
Atrial fibrillation 285 (24.8) 2,268 (44.8) 2,994 (40.5)
Dilated cardiomyopathy 230 (20.1) 272 (5.4) 644 (8.7)
Dyslipidemia 456 (39.8) 2035 (40.2) 3112 (42.1)
Peripheral vascular disease 118 (10.3) 358 (7.1) 598 (8.1)
Stroke 73 (6.4) 465 (9.2) 634 (8.6)
Other cardio-neurovascular conditions 429 (37.4) 1,785 (35.3) 2,683 (36.3)
Diabetes 335 (29.2) 1,288 (25.5) 2,055 (27.8)
Chronic respiratory disease (asthma or COPD) 336 (29.3) 1348 (26.6) 2076 (28.1)
Sleep apnea 93 (8.1) 164 (3.2) 349 (4.7)
Cancer 115 (10.0) 686 (13.6) 971 (13.1)
Chronic renal failure 126 (11.0) 771 (15.2) 1,061 (14.4)
Pancreatic and liver disease 119 (10.4) 143 (2.8) 331 (4.5)
Inflammatory disease 30 (2.6) 120 (2.4) 182 (2.5)
Dementia 7 (0.6) 617 (12.2) 644 (8.7)
Parkinson’s disease 8 (0.7) 166 (3.3) 185 (2.5)
Epilepsy 28 (2.4) 69 (1.4) 122 (1.7)
Psychiatric disease 145 (12.6) 605 (12.0) 874 (11.8)
Within the 12 months of pre-index period
Median number (+ SD) of office visit per patient 9.0 [5.0;15.0] 13.0[8.0;19.0] 12.0[8.0;18.0]
> 1 visit at the general practitioner, n (%) 1,084 (94.5) 4,920 (97.3) 7,138 (96.6)
2 1visit at the cardiologist, n (%) 280 (24.4) 1,497 (29.6) 2,150 (29.1)
Median number [IQR] of hospitalizations per 2.0[1.0;3.0] 2.0[1.0;3.0] 2.0[1.0;3.0]
patient
Median number [IQR] of distinct medications (level 15.0 [9.0;20.0] 17.0 [13.0;22.0] 17.0[12.0;22.0]
3 of the ATC code)
During index hospitalization
Median [IQR] length of stay 7.0[3.0;11.0] 8.0[5.0;14.0] 8.0 [4.0;14.0]
> 1 medical procedure performed during the stay,
n (%)
BNP dosage 164 (14.3) 796 (15.7) 1,140 (15.4)
Echocardiography 265 (23.1) 612 (12.1) 1,100 (14.9)
Cardiac implantable devices 25 (2.2) 8 (0.6) 61 (0.8)
Cardiac rehabilitation 18 (1.6) 28 (0.6) 62 (0.8)
Heart transplant 0(0.0) 0(0.0) 0(0.0)
Type of hospitalization discharge, n (%)
Home 887 (77.3) 3,749 (74.1) 5,546 (75.1)
Internal or interinstitutional transfer 259 (22.6) 1,308 (25.9) 1,838 (24.9)
Unknown 1(0.1) 2(0.0) 3(0.0)

SD: Standard Deviation; COPD: Chronic Obstructive Pulmonary Disease; IQR: Interquartile Range; BNP: Brain

Natriuretic Peptide
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Table 2. Description of the HF medications use at hospitalization discharge and during the 4

quarters following the index date

[40;65 [ years 275 years Cohort
n =1,147 n = 5,059 n=7,387
2 1 dispensing in the 90 days after hospital discharge, n (%) 1016 (88.6) 4353 (86.0) 6415 (86.8)
Diuretics* 727 (63.4) 3,723 (73.6) 5,310 (71.9)
Loop 663 (57.8) 3,505 (69.3) 4,958 (67.1)
Thiazide 106 (9.2) 455 (9.0) 694 (9.4)
BB 642 (56.0) 1,913 (37.8) 3,121 (42.2)
ACEI 661 (57.6) 1,796 (35.5) 3,015 (40.8)
ARB 116 (10.1) 670 (13.2) 956 (12.9)
AA 256 (22.3) 586 (11.6) 1,061 (14.4)
Digoxin 81(7.1) 555 (11.0) 743 (10.1)
Ivabradine 56 (4.9) 87 (1.7) 193 (2.6)
ceB* 255 (22.2) 1,269 (25.1) 1,822 (24.7)
Dihydropiridines 199 (17.3) 1,045 (20.7) 1,486 (20.1)
Verapamil 35 (3.1) 107 (2.1) 177 (2.4)
Diltiazem 29 (2.5) 122 (2.4) 179 (2.4)
Others 2(0.2) 14 (0.3) 20 (0.3)
Proportion of days covered 2 66.6%
During 1% quarter
Diuretics 422 (36.8) 1,929 (38.1) 2,811 (38.1)
BB 374 (32.6) 1,019 (20.1) 1,711 (23.2)
ACEI 396 (34.5) 962 (19.0) 1,692 (22.9)
ARB 68 (5.9) 327 (6.5) 484 (6.6)
AA 141 (12.3) 252 (5.0) 498 (6.7)
Digoxin 34 (3.0) 226 (4.5) 309 (4.2)
Ivabradine 28 (2.4) 42 (0.8) 87 (1.2)
During 2™ quarter
Diuretics 515 (44.9) 2,453 (48.5) 3,568 (48.3)
BB 496 (43.2) 1,317 (26.0) 2,248 (30.4)
ACEI 503 (43.9) 1,246 (24.6) 2,166 (29.3)
ARB 93 (8.1) 460 (9.1) 679 (9.2)
AA 182 (15.9) 352 (7.0) 675 (9.1)
Digoxin 53 (4.6) 330 (6.5) 446 (6.0)
Ivabradine 45 (3.9) 48 (0.9) 122 (1.7)
During 3" quarter
Diuretics 493 (43.0) 2,313 (45.7) 3,398 (46.0)
BB 495 (43.2) 1,249 (24.7) 2,167 (29.3)
ACEI 497 (43.3) 1,205 (23.8) 2,100 (28.4)
ARB 102 (8.9) 445 (8.8) 674 (9.1)
AA 180 (15.7) 330 (6.5) 646 (8.7)
Digoxin 47 (4.1) 294 (5.8) 391 (5.3)
Ivabradine 41 (3.6) 42 (0.8) 114 (1.5)
During 4™ quarter
Diuretics 462 (40.3) 2,183 (43.2) 3,190 (43.2)
BB 487 (42.5) 1,184 (23.4) 2,075 (28.1)
ACEI 476 (41.5) 1,119 (22.1) 1,972 (26.7)
ARB 104 (9.1) 426 (8.4) 660 (8.9)
AA 170 (14.8) 303 (6.0) 609 (8.2)
Digoxin 45 (3.9) 298 (5.9) 394 (5.3)
Ivabradine 51 (4.4) 44 (0.9) 125 (1.7)

BB: Beta Blockers; ACEI: Angiotensin-Converting Enzyme Inhibitors ; ARB: Angiotensin Receptor Blockers ; AA:

aldosterone antagonists; CCB: Calcium Channel Blockers
*A patient may have several medications
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Table 3. Description of the HF treatment during the 4 quarters following the index date:

medications are grouped according to the different guideline-recommended combinations.

[40;65 [ years 275 years Cohort
n =1,147 n = 5,059 n=7,387
During the 1% quarter after index hospital discharge, n (%)
Death 53 (4.6) 663 (13.1) 802 (10.9)
Survivors 1,094 (95.4) 4,396 (86.9) 6,585 (89.1)
No HFrEF treatment 418 (36.4) 1,885 (37.3) 2,741 (37.1)
HFrEF treatment 676 (58.9) 2,511 (49.6) 3,844 (52.0)
Diuretics alone 82 (7.1) 546 (10.8) 720 (9.7)
BB alone 71 (6.2) 407 (8.0) 561 (7.6)
BB/ACEI/ARB 334 (29.1) 1,075 (21.2) 1,731 (23.4)
BB/ACEI/ARB/AA 127 (11.1) 215 (4.2) 436 (5.9)
Any combination with digoxine or ivabradine 62 (5.4) 268 (5.3) 396 (5.4)
Implantable device 30 (2.6) 21(0.4) 76 (1.0)
During the 2™ quarter after index hospital discharge, n (%)
Death 29 (2.5) 365 (7.0) 443 (6.0)
Survivors 1,065 (92.9) 4,031 (79.7) 6,142 (83.1)
No HFrEF treatment 244 (21.3) 882 (17.4) 1,348 (18.2)
HFrEF treatment 821 (71.6) 3,149 (62.2) 4,794 (64.9)
Diuretics alone 70 (6.1) 639 (12.6) 816 (11.0)
BB alone 99 (8.6) 467 (9.2) 672 (9.1)
BB/ACEI/ARB 406 (35.4) 1,365 (27.0) 2,174 (29.4)
BB/ACEI/ARB/AA 149 (13.0) 300 (6.0) 565 (7.6)
Any combination with digoxine or ivabradine 97 (8.5) 378 (7.5) 567 (7.7)
Implantable device 3(1.1) 8(0.2) 33 (0.4)
During the 3™ quarter after index hospital discharge, n (%)
Death 29 (2.5) 247 (4.9) 306 (4.1)
Survivors 1,036 (90.3) 3,784 (74.8) 5,836 (79.0)
No HFrEF treatment 223 (19.4) 801 (15.8) 1,229 (16.6)
HFrEF treatment 813 (71.0) 2,983 (59.0) 4,607 (62.4)
Diuretics alone 55 (4.8) 590 (11.7) 749 (10.1)
BB alone 90 (7.8) 456 (9.0) 663 (9.0)
BB/ACEI/ARB 423 (36.9) 1,319 (26.1) 2,137 (28.9)
BB/ACEI/ARB/AA 157 (13.7) 282 (5.6) 553 (7.5)
Any combination with digoxine or ivabradine 88 (7.7) 336 (6.6) 505 (6.8)
Implantable device 0(0.9) 5(0.1) 19 (0.3)
During the 4" quarter after index hospital discharge, n (%)
Death 23 (2.0) 197 (3.9) 251 (3.4)
Survivors 1,013 (88.3) 3,587 (70.9) 5,585 (75.6)
No HFrEF treatment 227 (19.8) 767 (15.2) 1,201 (16.3)
HFrEF treatment 786 (68.5) 2,820 (55.7) 4,384 (59.3)
Diuretics alone 51 (4.4) 557 (11.0) 710 (9.6)
BB alone 89 (7.8) 425 (8.4) 616 (8.3)
BB/ACEI/ARB 411 (35.8) 1,239 (24.5) 2,027 (27.4)
BB/ACEI/ARB/AA 140 (12.3) 257 (5.1) 513 (7.0)
Any combination with digoxine or ivabradine 95 (8.3) 342 (6.8) 518 (7.0)
Implantable device 3(0.3) 5(0.1) 11 (0.1)

BB: Beta Blockers; ACEI: Angiotensin-Converting Enzyme Inhibitors ; ARB: Angiotensin Receptor Blockers ;

AA: aldosterone antagonists; CCB: Calcium Channel Blockers
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Patients with an incident hospitalization for HF
between 2008 and 2013
n= 10,919

- not covered by the main scheme
- <40 years at index date
- deceased during the index hospitalization

\ 4

n= 2,142
n=122
n= 925

- 2 3 months with no healthcare dispensing recorded n= 343

A 4

Cohort population
n=7,387

Figure 1. Study flow-chart

Chapter 3: Heart failure treatment use in real world

76



5.4%

5.9%

23.4%

7.6%

9.7%

37.1%

10.9%

Digoxine or ivabradine - Q1

BB/ACEI/ARB/AA - Q1

BB/ACEI/ARB - Q1

BB -Q1

Diuretics - Q1

No HFrEF treatment - Q1

Death - Q1

Q1

Digoxine or ivabradine - Q2

BB/ACEI/ARB/AA - Q2

BB/ACEI/ARB - Q2

BB-Q2

Diuretics - Q2

No HFrEF treatment - Q2

Death - Q2

Q2

Digoxine or ivabradine -

BB/ACEI/ARB/AA -

BB/ACEI/ARB -

BB -

Diuretics -

No HFrEF treatment -

Death -

Q3

Q3

Q3

Q3

Q3

Q3

Q3

Q3

Digoxine or ivabradine - Q4

BB/ACEI/ARB/AA - Q4
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Figure 2. Sankey diagram representing modification of Heart Failure treatment over the 4 quarters of the follow-up (Q: quarter; BB: Beta

Blockers; ACEI: Angiotensin-Converting Enzyme Inhibitors; ARB: Angiotensin Receptor Blockers ; AA: aldosterone antagonists;.
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Supplementary Figure 1. Description of the method used to assess patient exposition to each

medication of interest by quarter (Q)
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Supplementary Figure 2. Distribution of the medications indicated in the treatment of Heart
Failure, among patients who did not died during the follow up, when the exposure was
measured by quarter.
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Supplementary Table 1. HF treatment changes for each quarters of the follow-up

Period Initial medication Targeted medication [40;631[13:73“ Zn7i Z?;;gs ncjl;ggg
From quarters 1°to 2
No HFrEF treatment 418 (36.4) 1,885 (37.3) 2,741 (37.1)
Diuretics 28 (2.4) 288 (5.7) 357 (4.8)
BB 41 (3.6) 133 (2.6) 204 (2.8)
BB/ACEI/ARB 92 (8.0) 396 (7.8) 608 (8.2)
BB/ACEI/ARB/AA 32(2.8) 78 (1.5) 135 (1.8)
Digoxine or ivabradine 19 (1.7) 113 (2.2) 151 (2.0)
No HFrEF treatment 188 (16.4) 678 (13.4) 1043 (14.1)
Death 18 (1.6) 199 (3.9) 243 (3.3)
Diuretics 82 (7.1) 546 (10.8) 720 (9.7)
Diuretics 37(3.2) 287 (5.7) 370 (5.0)
BB 8(0.7) 33(0.7) 47 (0.6)
BB/ACEI/ARB 13 (1.1) 68 (1.3) 94 (1.3)
BB/ACEI/ARB/AA 3(0.3) 17 (0.3) 24 (0.3)
Digoxine or ivabradine 5(0.4) 21(0.4) 29 (0.4)
No HFrEF treatment 13 (1.1) 66 (1.3) 95 (1.3)
Death 3(0.3) 54 (1.1) 61 (0.8)
BB 71 (6.2) 407 (8.0) 561 (7.6)
Diuretics 1(0.1) 16 (0.3) 19 (0.3)
BB 39(3.4) 257 (5.1) 352 (4.8)
BB/ACEI/ARB 18 (1.6) 51(1.0) 84 (1.1)
BB/ACEI/ARB/AA 3(0.3) 9(0.2) 17 (0.2)
Digoxine or ivabradine 1(0.1) 8(0.2) 10 (0.1)
No HFrEF treatment 8(0.7) 38 (0.8) 49 (0.7)
Death 1(0.1) 28 (0.6) 30 (0.4)
BB/ACEI/ARB 334 (29.1) 1,075 (21.2) 1,731 (23.4)
Diuretics 1(0.1) 36 (0.7) 52 (0.7)
BB 7 (0.6) 31 (0.6) 49 (0.7)
BB/ACEI/ARB 265 (23.1) 826 (16.3) 1333 (18.0)
BB/ACEI/ARB/AA 17 (1.5) 30 (0.6) 59 (0.8)
Digoxine or ivabradine 16 (1.4) 28 (0.6) 56 (0.8)
No HFrEF treatment 25(2.2) 73 (1.4) 116 (1.6)
Death 3(0.3) 51(1.0) 66 (0.9)
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BB/ACEI/ARB/AA

Digoxine or ivabradin

Death

From quarters 2 to 3%

No HFrEF treatment

Diuretics
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Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

127 (11.1)
1(0.1)
3(0.3)
14 (1.2)
93 (8.1)
7(0.6)
5(0.4)
4(0.3)

62 (5.4)
2(0.2)
1(0.1)
4(0.3)
1(0.1)
49 (4.3)
5(0.4)
0 (0.0)

53 (4.6)

244 (21.3)
13 (1.1)
14 (1.2)
35(3.1)
6 (0.5)
2(0.2)

163 (14.2)
11 (1.0)

70 (6.1)
36 (3.1)
3(0.3)
8(0.7)
3(0.3)
2(0.2)
12 (1.0)
6 (0.5)

215 (4.2)
7(0.1)
6(0.1)
13 (0.2)

160 (3.1)
5(0.1)
10 (0.2)
14 (0.2)

268 (5.3)
5(0.1)
7(0.1)
11(0.2)
6(0.1)

203 (4.0)
17 (0.3)
19 (0.4)

663 (13.1)

882 (17.4)
81 (1.64)
34(0.7)
100 (2.0)
15 (0.3)
23 (0.5)

526 (10.4)
103 (2.0)

639 (12.6)
413 (8.2)
16 (0.3)
44 (0.9)
10 (0.2)
12 (0.2)

100 (2.0)
44 (0.9)

436 (5.9)
10 (0.1)
10 (0.1)
33 (0.4)
323 (4.4)
19 (0.3)
21 (0.3)
20 (0.2)

396 (5.4)
8(0.1)
10 (0.1)
22(0.3)
7(0.1)

302 (4.1)
24 (0.3)
23 (0.3)

802 (10.9)

1,348 (18.2)
114 (1.5)
56 (0.8)
167 (2.3)
25(0.3)
29 (0.4)

836 (11.3)
121 (1.6)

816 (11.0)
516 (7.0)
26 (0.4)
63 (0.9)
13 (0.2)
15 (0.2)
131 (1.8)
52(0.7)
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BB

BB/ACEI/ARB

BB/ACEI/ARB/AA

Digoxine or ivabradine

Death
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Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Death

99 (8.6)
2(0.2)
61 (5.3)
18 (1.6)
5(0.4)
1(0.1)
10 (0.9)
2(0.2)

406 (35.4)
2(0.2)
9(0.8)

346 (30.2)
16 (1.2)
4(0.3)
23 (2.0)
6 (0.5)

149 (13.0)
1(0.1)
1(0.1)
12 (1.0)

123 (10.7)
2(0.2)
8(0.7)
2(0.2)

97 (8.5)
1(0.1)
2(0.2)
4(0.3)
4(0.3)
77 (6.7)
7(0.6)
2(0.2)

82 (7.1)

467 (9.2)
21 (0.4)
339 (6.7)
34(0.7)
8(0.2)
11(0.2)
30 (0.6)
24 (0.5)

1,365 (27.0)
50 (1.0)
46 (0.9)

1088 (21.5)
25(0.5)
18 (0.4)
88 (1.7)
50 (1.0)

300 (5.9)
8(0.2)
9(0.2)
24 (0.5)

219 (4.3)
4(0.1)
24 (0.5)
12 (0.2)

378 (1.5)
17 (0.3)
12 (0.2)
29 (0.6)
5(0.1)

268 (5.3)
33(0.7)
14 (0.3)

1028 (20.3)

672 (9.1)
28 (0.3)
479 (6.5)
60 (0.8)
14 (0.2)
16 (0.2)
47 (0.6)
28 (0.4)

2,174 (29.4)
57(0.8)
73 (1.0)

1761 (23.8)
55(0.7)
25(0.3)
136 (1.8)
67 (0.9)

565 (7.6)
11(0.1)
12 (0.2)
46 (0.6)
434 (5.9)
7(0.1)
38 (0.5)
17 (0.2)

567 (7.7)
23 (0.3)
17 (0.2)
40 (0.5)
12 (0.1)
413 (5.6)
41 (0.6)
21 (0.3)

1245 (16.9)
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From quarters 3 to 4"

No HFrEF treatment

Diuretics

BB

BB/ACEI/ARB

BB/ACEI/ARB/AA
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Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

BB

BB/ACEI/ARB
BB/ACEI/ARB/AA
Digoxine or ivabradine
No HFrEF treatment
Death

Diuretics

223 (19.4)
11 (1.0
8(0.7)

28 (2.4)
5(0.4)
6 (0.5)

157 (13.7)

8(0.7)

55 (4.8)
35(3.1)
3(0.3)
2(0.2)
2(0.2)
1(0.1)
9(0.8)
3(0.3)

90 (7.8)
1(0.1)
63 (5.5)
11 (1.0)
1(0.1)
2(0.2)
11 (1.0)
1(0.1)

423 (36.9)
3(0.3)
13 (1.1)

351 (30.6)
6 (0.5)
5(0.4)
39 (3.4)
6 (0.5)

157 (13.7)
1(0.1)

801 (15.8)
76 (1.5)
31 (0.6)
77 (1.5)
18 (0.4)
23 (0.5)

507 (10.0)
69 (1.4)

590 (11.7)

407 (8.0)
22 (0.4)
29 (0.6)
8(0.2)
14 (0.3)
80 (1.6)
30 (0.6)

456 (9.0)
23 (0.5)
312 (6.2)
39 (0.8)
6(0.1)
6(0.1)
47(0.9)
23 (0.5)

1,319 (26.1)
36 (0.7)
42 (0.8)

1043 (20.6)
22 (0.4)
25(0.5)
96 (1.9)
55 (1.1)

282 (5.6)
9(0.2)

1,229 (16.6)
101 (1.4)
42 (0.6)
125 (1.7)
31(0.4)
33 (0.4)

808 (10.9)
89 (1.2)

749 (10.1)
515 (7.0)
31 (0.4)
36 (0.5)
12 (0.2)
17 (0.2)
97 (1.3)
41 (0.6)

663 (9.0)
28 (0.4)
446 (6.0)
64 (0.9)
10 (0.1)
10 (0.1)
76 (1.0)
29 (0.4)

2,137 (28.9)
48 (0.6)
73 (1.0)

1720 (23.3)
37(0.5)
36 (0.5)
159 (2.2)
64 (0.9)

553 (7.5)
12 (0.2)
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BB 2(0.2) 10 (0.2) 14 (0.2)
BB/ACEI/ARB 15(1.3) 33(0.7) 57 (0.8)
BB/ACEI/ARB/AA 125 (10.9) 200 (4.0) 416 (5.6)
Digoxine or ivabradine 3(0.3) 5(0.1) 8(0.1)
No HFrEF treatment 8(0.7) 15(0.3) 31(0.4)
Death 3(0.3) 10 (0.2) 15(0.2)
Digoxine or ivabradine 88 (7.7) 336 (6.6) 505 (6.8)
Diuretics 0(0.0) 6(0.1) 6(0.1)
BB 0(0.0) 8(0.2) 10 (0.1)
BB/ACEI/ARB 4(0.3) 18 (0.4) 25(0.3)
BB/ACEI/ARB/AA 1(0.1) 3(0.1) 7(0.1)
Digoxine or ivabradine 78 (6.8) 269 (5.3) 414 (5.6)
No HFrEF treatment 3(0.3) 22 (0.4) 30 (0.4)
Death 2(0.2) 10 (0.2) 13 (0.2)
Death Death 111 (9.7) 1275 (25.2) 1551 (21.0)
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Supplementary Table 2. Sensitivity analyses where HF treatment exposure was assessed quarterly using the Proportion of Days Covered

(PDC) varying from 50% to 80%

PDC >50% PDC > 80%
[40;65 [ years >75 years Cohort [40;65 [ years >75 years Cohort
n=1,147 n = 5,059 n=17,387 n = 1,147 n = 5,059 n=17,387
During the 1* quarter after index hospital discharge
No HFrEF treatment, n (%) 266 (23.2) 1,144 (22.6) 1,689 (22.9) 755 (65.8) 3,179 (62.8) 4,699 (63.6)
HFTEF treatment, n (%) 828 (72.2) 3,252 (64.3) 4,896 (66.3) 339 (29.6) 1,217 (24.1) 1,886 (25.5)
Diuretics alone 78 (6.8) 654 (12.9) 843 (11.4) 48 (4.2) 309 (6.1) 409 (5.5)
BB alone 91 (7.9) 502 (9.9) 689 (9.3) 45 (3.9) 210 (4.2) 301 (4.1)
BB/ACEI/ARB 399 (34.8) 1,413 (27.9) 2,198 (29.8) 166 (14.5) 509 (10.1) 832 (11.3)
BB/ACEI/ARB/AA 169 (14.7) 297 (5.9) 595 (8.1) 57 (5.0) 90 (1.8) 188 (2.5)
Any combination with digoxine or ivabradine 91 (7.9) 386 (7.6) 571 (7.7) 23 (2.0) 99 (2.0) 156 (2.1)
During the 2 quarter after index hospital discharge
No HFrEF treatment, n (%) 190 (16.6) 668 (13.2) 1036 (14.0) 345 (30.1) 1,304 (25.8) 1,962 (26.6)
HFTEF treatment, n (%) 875 (76.3) 3,363 (66,5) 5,106 (69,1) 720 (62.8) 2,727 (53.9) 4,180 (56.6)
Diuretics alone 74 (6.5) 642 (12.7) 823 (11.1) 66 (5.8) 578 (11.4) 749 (10.1)
BB alone 97 (8.5) 479 (9.5) 676 (9.2) 95 (8.3) 432 (8.5) 626 (8.5)
BB/ACEI/ARB 433 (37.8) 1,459 (28.8) 2,323 (31.4) 356 (31.0) 1,194 (23.6) 1,908 (25.8)
BB/ACEI/ARB/AA 166 (14.5) 343 (6.8) 636 (8.6) 121 (10.5) 232 (4.6) 453 (6.1)
Any combination with digoxine or ivabradine 105 (9.2) 440 (8.7) 648 (8.8) 82 (7.1) 291 (5.8) 444 (6.0)
During the 3 quarter after index hospital discharge
No HFrEF treatment, n (%) 174 (15.2) 596 (11.8) 936 (12.7) 320 (27.9) 1182 (23.4) 1804 (24.4)
HFTEF treatment, n (%) 862 (75.2) 3,188 (63.0) 4,900 (66.3) 716 (62.4) 2602 (51.4) 4032 (54.6)
Diuretics alone 58 (5.1) 609 (12.0) 767 (10.4) 56 (4.9) 520 (10.3) 676 (9.2)
BB alone 96 (8.4) 458 (9.1) 669 (9.1) 87 (7.6) 422 (8.3) 624 (8.4)
BB/ACEI/ARB 434 (37.8) 1,402 (27.7) 2,253 (30.5) 372 (32.4) 1157 (22.9) 1870 (25.3)
BB/ACEI/ARB/AA 171 (14.9) 333 (6.6) 627 (8.5) 127 (11.1) 230 (4.5) 444 (6.0)
Any combination with digoxine or ivabradine 103 (9.0) 386 (7.6) 584 (7.9) 74 (6.5) 273 (5.4) 418 (5.7)
During the 4™ quarter after index hospital discharge
No HFrEF treatment, n (%) 183 (16.0) 561 (11.1) 902 (12.2) 334 (29.1) 1131 (22.4) 1765 (23.9)
HFTEF treatment, n (%) 830 (72.4) 3,026 (59.8) 4,683 (63.4) 679 (59.2) 2456 (48.5) 3820 (51.7)
Diuretics alone 53 (4.6) 582 (11.5) 735(9.9) 47 (4.1) 522 (10.3) 668 (9.0)
BB alone 87 (7.6) 443 (8.8) 631 (8.5) 90 (7.8) 381 (7.5) 567 (7.7)
BB/ACEI/ARB 437 (38.1) 1,310 (25.9) 2,156 (29.2) 347 (30.3) 1076 (21.3) 1753 (23.7)
BB/ACEI/ARB/AA 152 (13.3) 301 (5.9) 583 (7.9) 119 (10.4) 206 (4.1) 418 (5.7)
Any combination with digoxine or ivabradine 101 (8.8) 390 (7.7) 578 (7.8) 76 (6.6) 271 (5.4) 414 (5.6)
BB: Beta Blockers; ACEI: Angiotensin-Converting Enzyme Inhibitors ; ARB: Angiotensin Receptor Blockers ; AA:
aldosterone antagonists; CCB: Calcium Channel Blockers
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3.4.Discussion of main results

This study showed that a substantial proportion of HF patients were not exposed to any
HFrEF treatment in the first year following hospital discharge for HF and that most of the
initially untreated patients initiated treatment after a delay of around 3 months. These results
are consistent with existing data [54]. These findings also suggest that studies on treatment
adherence [62, 63] or persistence [53-55] may have reported overestimated estimates as
they focused only on patients who initiated treatment at discharge but not on patients who
initiated therapy as outpatients, within the first 3 months after discharge hospitalization for

instance.

In view of the chronic nature and activity of HF, we have made the choice of assessing
quarterly treatment exposure to describe as accurately as possible the constant adjustment
of HF medications over time. This study provides thus a dynamic description of the HF
treatment use, which was lacking so far, but does not allow to draw conclusions regarding
untreated patients. The absence of treatment may be considered as a sub-optimal
adherence, but it may be also related to a medically justified reason (i.e., patients with mild
HF symptoms, effective non-pharmacological treatment, patients who did not tolerate

treatment or with severe comorbidities).

One important limitation of this study is the non-availability of some relevant data in the EGB
database, such as the ejection fraction, useful to distinguish between HFrEF and HFpEF
patients, the NYHA class necessary to assess HF severity, or the reason for office visits,
important to identify better the onset of HF or the reason of treatment non-adherence. This
is important to consider since it may impact the generalizability of the results.

3.5.Conclusion

Findings of this study support the idea that HF patients do not use HF treatments optimally
after an initial HF hospitalization. This sub-optimal use of HF treatment could be one factor
explaining why these treatments have a limited impact in clinical practice and HF morbidity
and mortality continue to be significant.

After having carried out a study describing the pharmacological treatment patterns of HF

patients in France in clinical practice, we have decided to focus on identifying the risk
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factors - pharmacological and non-pharmacological of cardiac decompensation in real world
setting. This was the third objective of this thesis.
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4. CLINICAL PREDICTORS OF HEART FAILURE DECOMPENSATION
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4.1.Rationale

Despite the successful and significant advances in treatment strategies and
improvement of primary prevention the risk of post-discharge mortality and
rehospitalisation remains high. The development of prognostic models is essential to
identify the determinants of the course and outcome of patients with HF. Prognostic
characteristics identified through these models allow to establish high-risk profile for
HF patients from the outset of the disease and to identify possible therapeutic
targets.

Identification of predictors associated with all cause mortality is useful to assess the
prognostic of the disease, which appear to be worse than for many cancers with an
estimated 50% of HF patients dying within 5 years of the diagnosis [14]. However,
assessment of all-cause mortality alone does not allow discernment of risk related to
the comorbidity vs. risk associated with HF itself. HF patients are elderly patients with
multiple age-related comorbidities and each comorbidity may impart a mortality risk.
These elderly patients may thus die either of the disease itself, related cardiovascular
causes or age-associated non-cardiovascular causes. According to literature,
cardiovascular deaths constitute the majority of deaths — including mostly sudden
death and heart failure death -, but non-cardiovascular deaths still constitute between
30 and 50% of deaths [88, 89].

Another approach to better understanding the mechanisms underlying the poor
prognosis of HF patients is thus to assess the predictors of cardiac decompensation,
which manifests itself by a HF worsening leading to a HF readmission in serious
cases or managed at home by the administration of high-ceiling diuretics. One
important consideration when assessing predictors of cardiac decompensation is to
take into account competing events such as death. A competing event is defined as
an event that precludes the event of interest from occurring or fundamentally
changes its probability. It can lead to a bias in the estimates by informative censoring
[90].

We thus decided to study the predictors of cardiac decompensation, managed in
hospital or at home, among HF patients after an initial hospitalization for HF and
taking into account the competing risk of death.
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4.2.Research hypothesis and objectives

Several studies have already focused on identifying predictors of HF readmission
with different settings and varying periods of follow-up, but to date and to our
knowledge, none has taken into account competing risk of death in the analyses and
none has studied cardiac decompensation as we considered it The objective of this
work was thus to describe the probability of repeat HF decompensation within the 2
years following a first hospitalization for HF, and to identify associated risk factors
taking into account the competing risk of death in a real-world setting, using data

from the random sample of the French nationwide claims database, the EGB.

Results of this study have been submitted to Journal of Cardiovascular

Pharmacology and Therapeutics.

4.3. Article
4.3.1. Reference

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C. Predictors
of heart failure decompensation: a population based cohort study. Submitted to J.
Cardiovasc. Pharmacol. Ther., October 2019.

4.3.2. Abstract

Aims: After a first hospitalization for Heart Failure (HF), patients are at high risk of
experiencing repeat cardiac decompensation. Existing information on the predictors
of HF readmission need to be updated, and predictors derived from ambulatory HF
treatment, of which little is known. The aim of this study is to describe the probability
of repeat HF decompensation within the 2 years following a first hospitalization for
HF, and to identify associated risk factors.

Methods: All patients aged = 40 years with an incident HF hospitalization between
2008 and 2013, were identified in the 1/97™ permanent random sample of the French
nationwide claims database and followed 2 years. Outcomes were readmission for
HF or ambulatory treatment for Acute Heart Failure (AHF) (initiation or increase of
high ceiling diuretics). The Cumulative Incidence Function method was used to
estimate the probability of each event, taking into account a competing risk of death.
Results: At 2 years, 21.0% of HF patients had been re-hospitalized and 29.9%
received ambulatory AHF treatment. The risk of readmission or ambulatory AHF
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treatment significantly increased with age (Hazard Ratio, HR: 1.29 / 1.54
respectively), high blood pressure (HR: 1.42 / 1.58), atrial fibrillation (HR: 1.27 /
1.19), and diabetes (HR: 1.26 / 1.21).

Conclusion: These results will contribute to a better management of patients, and
prevention of repeat hospital admission in patients with a first hospital admission for
heart failure.
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ABSTRACT

Background: After a first hospitalization for Heart Failure (HF), patients are at high risk of
experiencing repeat cardiac decompensation. Existing information on the predictors of HF
readmission need to be updated, and predictors derived from ambulatory HF treatment, of
which little is known.

Aims: The aim of this study is to describe the probability of repeat HF decompensation
within the 2 years following a first hospitalization for HF, and to identify associated risk
factors.

Methods: All patients aged > 40 years with an incident HF hospitalization between 2008 and
2013, were identified in the 1/97" permanent random sample of the French nationwide claims
database and followed 2 years. Outcomes were readmission for HF or ambulatory treatment
for Acute Heart Failure (AHF) (initiation or increase of high ceiling diuretics). The
Cumulative Incidence Function method was used to estimate the probability of each event,
taking into account a competing risk of death.

Results: At 2 years, 21.0% of HF patients had been re-hospitalized and 29.9% received
ambulatory AHF treatment. The risk of readmission or ambulatory AHF treatment
significantly increased with age (Hazard Ratio, HR: 1.29 / 1.54 respectively), high blood
pressure (HR: 1.42 / 1.58), atrial fibrillation (HR: 1.27 / 1.19), and diabetes (HR: 1.26 / 1.21).
Conclusion: These results will contribute to a better management of patients, and prevention
of repeat hospital admission in patients with a first hospital admission for heart failure.

Word count of the abstract: 231/250 words
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INTRODUCTION

The successful and significant advances in treatment strategies and improvement of primary
prevention has led to a substantial decline of Heart Failure (HF) incidence over the last
decade (1). However, HF patients remain at very high risk of hospitalization and/or death
(2,3). Approximately 17-27% of patients are re-hospitalized for any reason within 30 days,
and up to 50% are readmitted by 6 months (4-6). Around one third of these hospitalizations
are caused by acute decompensated HF (7-10), for which inpatient treatment involves the
management of the cause of decompensation and the administration of an intravenous diuretic
to effectively reduce the systemic and pulmonary congestion (11,12). In-hospital mortality
ranges from 4% to 7% (13), but the real problem starts when a patient is discharged from the
hospital and enters the most vulnerable post-discharge phase: just during the first 90 days
after hospital discharge 10—15% of patients die (14). When HF patients experience volume
overload without meeting hospitalization criteria, they can be treated in ambulatory with
diuretics and the adequate treatment of the underlying cause of decompensation (15).
Outpatient use of diuretic then reflects an exacerbation of the disease.

One possible solution for physicians to identify high-risk patients, and better customize
effective interventions, would be to identify the early and long-term predictors of cardiac
decompensation. Numerous studies have been conducted to identify factors associated with
AHF readmission (7-9) but to our knowledge none has focused on factors associated with
outpatient initiation/increase use of diuretics so far.

Moreover, to study the HF decompensation end-point, competing events as death need to be
taken into account to ensure that estimates will not be biased by informative censoring (16).
The aim of this study is thus to describe the probability of HF decompensation leading to an

HF readmission or increased ambulatory care and to identify the associated risk factors,
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within the 2 years following a first hospitalization for HF, taking into account competing risk

of death and, data from the French nationwide healthcare database.
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METHOD

Study design and data source

This cohort study was conducted using data from the Echantillon Généraliste de Bénéficiaires
(EGB) database, a representative permanent 1/97" sample of the national healthcare data
system in France, Systéeme National des Données de Santé (SNDS) which covers 99% of the
French population from birth to death (17). Complete data before 2011 are available only for
subjects covered by the main insurance plan, covering salaried employees and their
dependents, i.e., 76% of the French population. For each insured person, SNDS provides
pseudonymized information on all reimbursed medical and paramedical encounters, drugs
claims, hospital admissions and procedures (except for psychiatric hospitals and rehabilitation
centers), registration for Long Term Diseases (LTD) dispensing from copayment, and date of
death, but not its cause. Hospital diagnoses are coded according to the International
Classification of Disease 10™ edition (ICD-10) and the quality of this coding is ensured by
regular internal and external audits (18). The quality of hospital coding for HF has been

verified. (19)

Study population

We included in the cohort all patients aged over 40, covered by the main health insurance
plan, with a first hospitalization for HF between January 1, 2008 and December 31, 2013. An
incident HF hospitalization was defined as a first hospitalization with a discharge code 150.x
of the ICD-10 in any diagnostic position, with no LTD registration or hospital admission for
HF in the 2 previous years. The date of the incident HF hospitalization discharge was defined
as the index date. Patients were required to have a pre-index period of 1 year and at least 2

year of follow-up after the index date (excluding deaths). We excluded all patients who died
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during the index hospitalization. Patients were followed for 2 years after index date or until

death or outcome whichever came first.

Outcomes of interest

The outcome measures assessed over 2 years after index hospitalization were HF readmission
and ambulatory Acute Heart Failure (AHF) treatment. HF readmission was defined as any
hospitalization of more than 24 hours with a diagnosis of AHF identified based on the
algorithm developed by the custodians of the French national healthcare system (20), which
includes the validated ICD-10 discharge code 150.x (Predictive Positive Value: 88.0%) (3).
Ambulatory AHF treatment included outpatient initiation or increase of loop diuretic (i.e.
furosemide ATC code CO3CAO1 or bumetanide ATC code CO3CAO02). Initiation of loop
diuretic was defined as a new dispensing of loop diuretic in patients who have not received
any loop diuretic within the 3 months following the index date. Increase in loop diuretic was
defined as a dispensing of loop diuretic with an equivalent to furosemide dose (20 mg
furosemide intravenous = 40 mg furosemide per os = 0,5 mg bumetanide intravenous = 0,5
mg bumetanide per os) (21) that was strictly greater than 40 mg per day and higher than the
daily dose of the initial loop diuretic treatment initiated within the 91 days after index

hospitalization.

Predictors

Potential predictors were selected based on review of the literature, clinical relevance, and
availability (7-9). These included demographic characteristics at index date, length of stay in
the index hospitalization, and other potential candidate variables selected during the year
before the index hospitalization such as preexisting comorbid conditions, number of

hospitalizations, number of office visits to the general practitioner or the cardiologist and
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number of distinct medications based on ATC level 3. We did not consider echocardiography
or BNP performed within the year preceding index hospitalization as potential predictors,
since their coding is not reliable. Indeed, echocardiography is not systematically coded during
a cardiology visit, as the levels of reimbursement may be similar for a visit with or without
echocardiography, and BNP could not be identified when it is performed in a public hospital,

as it is not reimbursed individually.

Statistical Analyses

Main analysis

We performed descriptive analyses where categorical variables were described in number and
percent, and quantitative variable in mean and standard deviation (SD) or median and
interquartile range (IQR). The cumulative probability of having each event was estimated
using the Cumulative Incidence Function (CIF) method, which incorporates competing risks
of death from any cause (22). The CIF method is the sum of the conditional probabilities of
having the outcome given that individual is alive in each interval of the follow-up period. CIF
estimates were presented as percentage with 95% confidence intervals (95% CI). A Fine and
Gray model was then used to assess the predictors of HF readmission and ambulatory HF
treatment at 2 years after index hospitalization, accounting for the competing risk of death.
For the outcome ambulatory AHF treatment, the original date of the model was shifted to 91
days after the index hospitalization discharge to avoid the immortal time bias (23) induced by
the definition of the outcome. The variables were introduced in a multivariate model if their
significance was <0.25 in univariate analysis and if they fulfilled the hypothesis of linearity
and the hypothesis about the probabilities of risk. Variables were then retained in the

multivariate model if they were significantly associated with the outcome after adjusting for
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age, sex and cardiovascular comorbidities. Results are presented as Hazard Ratios (HR) with

95% CI.

Sensitivity analysis

In order to distinguish the early risk factors from late onset risk factors, we performed

similarly a predictive model for each outcome at 6 months after index hospitalization.
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RESULTS

Among the 10,915 patients identified in the EGB who had an incident hospitalization for HF
between 2008 and 2013, 7,708 met the inclusion criteria (Figure 1).

Baseline characteristics

Characteristics of the study population at baseline and description of the index hospitalization
are reported in Table 1. Patients had a mean age of 77.9 years (+ 12.1 years), with slightly
fewer males (47.9%) than females (52.1%). The most frequent cardiovascular conditions
were: high blood pressure (HBP; 84.7%), atrial fibrillation (40.2%) and ischemic heart
disease (33.3%). About one fourth of patients had diabetes (27.3%) or a chronic respiratory
disease (27.8%) and 14.3% had chronic renal failure. Within the 12 months pre-index period,
patients had a median of 12 (IQR [7.0; 18.0]) outpatient consultations, especially at the
general practitioner. The median number of previous hospitalizations was 2.0 (IQR [1.0; 3.0])
and the median number of distinct medications dispensed within the pre-index period was
17.0 (IQR [12.0; 22.0]). The median duration of the index hospitalization was 8.0 days (IQR
[4.0; 14.0]). For 15% of patients, a measure of plasma BNP or an echocardiography was
performed during the stay. Three quarter of patients returned home after hospitalization

discharge.

Outcomes

The cumulative incidence of HF readmission rose from a minimum of 11.6% (95%CI 10.9;
12.3) at 6 months after index hospitalization to a maximum of 21.0% (CI95% 20.1; 22.0) in
the 2™ year (Figure 2 and Supplementary Table 1). The cumulative incidence of ambulatory
AHF treatment was 8.9% (95%CI 8.3; 9.6) at 6 months after index hospitalization and

reached 29.9% (95%CI 28.8; 30.9) in the 2™ year.
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Predictors of outcomes

The association with each risk factor is presented in Table 2 for each outcome. The risk for
HF readmission or ambulatory AHF treatment significantly increased with age for [65; 75[
and >75 years (HRs vs. [40; 65[ years : 1.38 and 1.54; 1.29 and 1.39 respectively for each
outcome), High blood pressure (HBP) (HRs: 1.42 and 1.54 respectively), atrial fibrillation
(HRs: 1.27 and 1.19 respectively), diabetes (HRs: 1.26 and 1.21 respectively) and other
cardio-neurovascular conditions (HRs: 1.14 and 1.15 respectively). Ischemic heart disease,
dilated cardiomyopathy, valvulopathy and chronic renal failure increased significantly HF
readmission risk only (HRs: 1.15, 1.23, 1.30 and 1.31 respectively). For the number of
distinct medications there was a significant increased risk only for ambulatory AHF treatment
for 112; 17], ]117; 22] and >22 medications (HRs vs. < 12: 1.16, 1.33, 1.50 respectively) and
hospitalization for AHF within the 3 months following the index date (HR: 1.55). Stroke was
associated with decreased risk for both HF readmission and ambulatory AHF treatment (HRs:
0.72 and 0.77 respectively), cancer and dementia were associated with decreased risk for HF
readmission (HR: 0.72 and 0.73 respectively) and length of stay in the index hospitalization of
more than 14 days was inversely associated with ambulatory AHF treatment (HR vs. < 7
days: 0.88).

Sensitivity analysis

Most of the risk factors associated with HF readmission at 2 years after index hospitalization
were similarly associated after 6 months. HBP, atrial fibrillation, ischemic heart disease and
dilated cardiomyopathy, other cardio-neurovascular conditions, valvulopathy and chronic
renal failure were associated with increased risk of HF readmission (HRs: 1.34, 1.26, 1.22,
1.42, 1.16, 1.47, 1.56 respectively) while cancer and stroke were associated with decreased

risk of HF readmission (HRs: 0.72 and 0.71 respectively) (Table 3). By comparison with the
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2-year analysis, HBP, previous hospitalization for AHF within the 3 months following the
index date and >22 medications dispensed within the previous 12 months were associated
with increased risk of ambulatory AHF treatment (HRs: 1.52, 2.03 and HRs vs. <12

medications: 1.53 respectively. Being female also had a protective effect on the risk of

ambulatory AHF treatment (HR: 0.85).
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DISCUSSION

This population-based cohort study has shown that 21% of HF patients were readmitted for
HF and 29.9% had ambulatory AHF treatment within 2 years after index hospitalization,
taking into account competing risk of death. Moreover, increasing age, and the presence of
HBP, diabetes and atrial fibrillation were independently associated with these 2 outcomes.
Patient characteristics

Patients included in this study were old (mean age of 77.9 years), more likely to be female
and had multiple comorbidities. Patients included after HF admission as in our study, tend to
have a wore clinical profile compared to ambulatory patients included in randomized clinical
trials (24-27). This is not surprising since study populations in clinical trials are more
homogeneous than in real life setting and some fragile and at-risk specific populations are
often not included in these trials (i.e. pregnant women, elderly patients or with renal or liver
impairement and short life expectancy). Nevertheless, characteristics of our patients were
consistent with those of HF patients after HF admission in observational studies conducted in
France (28-30) or in other countries (31-33).

Outcomes

In comparison with literature, our estimates of long-term outcomes were mostly lower (11.6%
at 6 months to 21.0% at 2 years after index hospitalization). Existing results concerning HF
readmission vary depending on the setting the study setting and the duration of follow-up: at
6 months, HF readmission was 23% to 32% (9), it rose to 35% at 1-year follow-up (34) and
reached 36% to 48% at 2-year follow-up (35). The difference observed between our results
and those in the literature could be explained by the competing risk statistical approach that
we applied. The classic Kaplan-Meier method consistently overestimates the cumulative
incidence of the outcome compared to CIF, and the magnitude of the overestimation is all the

greater that the number of the competing event is particularly important (36), as is the case for
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death in HF (37). Results on the ambulatory AHF treatment cannot be compared to the
literature since no study has been carried out on these outcomes to date. Our results showed
that HF readmission increased during the 8 first months and was then exceeded by ambulatory

AHF treatment.

Factors associated with outcomes

Our study has shown that age, HBP, atrial fibrillation, ischemic heart disease, valvulopathy,
dilated cardiomyopathy and chronic renal failure had a positive, although modest, effect on
HF readmission. These results are consistent with those of previous studies, within the same
order of magnitude (7-9). The factors associated with increased risk of ambulatory AHF were
globally the same as those associated with increased risk of HF readmission except for
ischemic heart disease, dilated cardiomyopathy, valvulopathy and chronic renal failure for
ambulatory AHF treatment. When the number of distinct medications dispensed within the
previous 12 months was strictly over 12, the risk of ambulatory AHF treatment increased
modestly. Finally, the length of stay of index hospitalization more than 14 days vs. less than 7
days and previous hospitalization for AHF within the 3 months following the index date
reduced the risk of ambulatory AHF treatment. The lack of other studies with this outcome
does not allow us to compare these results.

Interestingly, cancer, dementia and stroke appeared to be associated with decreased risk of HF
readmission. Another study also found that cerebrovascular disease was associated with a
lower rate of HF readmission (38). Other infrequently reported that cancer and dementia
consistently increased the risk of readmission but these risks were assessed within 6 months
following index hospitalization (9). Ambulatory AHF treatment was also inversely associated
with stroke. These results may be explained by the fact that these patients benefit from a

closer long-term monitoring because of the severity of their disease, which ensures a better
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control of their HF. Another reason would be that signs of cardiac decompensation are
misdiagnosed in these patients because of the disability associated with the disease
(hemiplegia and aphasia in stroke or confusion in dementia). It could thus be relevant to
systematically exclude or study separately these patients in future observational studies as in
clinical trials.

Limitations

Our study presents several limitations. First, some useful information for characterizing HF
patients was lacking in our database. This concerns for instance the ejection fraction (EF),
useful to distinguish between HF with reduced EF and HF with preserved EF, the NYHA
class necessary to assess HF severity, or the reason for office visits, important to identify
better the onset of HF. The lack of data about EF should however not impact our results since
the prognosis in term of readmission and mortality is not quite different between these two
subgroups of patients (39). Because they were also not available in the database, some
important potential risk factors such as serum biomarkers (hemoglobin, sodium serum level,
BNP dosage or renal clearance) or psychosocial parameters (marital status, work status or
relational environment) were not included in our model. Biological variables were however
not relevant predictors in our study, since our objective was to assess the long-term predictors
within 2-year follow-up and these parameters were too susceptible to vary between the
moment where the dosage was performed and the outcome.

Strengths

This study has also several important strengths. It relies on a high quality database, the EGB,
which contains a population representative of the French national population and which thus
provides reliable estimates of drug utilization in real world conditions (17). Moreover, the risk
of HF misdiagnosis inherent in any administrative database was minimized by using

previously validated ICD-10 codes with a good diagnostic performance (PPV: 88.0%) to
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select our study population (19). Finally, the sensitivity analysis performed at 6 months after
index hospitalization strengthened the findings of the main analysis. It confirmed that most of
risk factors identified for each outcomes within the 2 years after index hospitalization, were

also early risk factors.

Conclusion

This study confirmed the high rate of HF readmission occurring within the 2 years following
an index hospitalization. Results are however less alarming than expected when death is
considered as competing event. This study highlights also relevant early and long-term risk
factors of HF decompensation managed either in hospital or at home, helping specialists to
develop a complete risk profile for HF patients after a first HF hospitalization in order to

better customize effective interventions.
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Figure 2. Graphic representation of the probability of Heart Failure (HF) readmission and

ambulatory Acute Heart Failure (AHF) treatment within 2 years after the index hospitalization
for HF, taking into account competing risk of death (Fine and Gray method). For the outcome
ambulatory AHF treatment, the original date of the model was shifted to 91 days after the
index hospitalization discharge to avoid the immortal time bias induced by the definition of

the outcome.
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Table 1. Description of patient baseline and index hospitalization characteristics

Cohort
n=7,708
Demographic characteristics
Mean age (+ SD) at index date (in years) 77.9 (12.1)
Sex female, n (%) 4,016 (52.1)
Comorbidities, n (%)
High blood pressure 6,532 (84.7)
Ischemic heart disease 2,564 (33.3)
Cardiac rhythm disorders 1,485 (19.3)
Valvulopathy 1,351 (17.5)
Atrial fibrillation 3,100 (40.2)
Dilated cardiomyopathy 666 (8.6)
Dyslipidemia 3175 (41.2)
Peripheral vascular disease 614 (8.0)
Stroke 668 (8.7)
Other cardio-neurovascular conditions 2,774 (36.0)
Diabetes 2,106 (27.3)
Chronic respiratory disease (asthma or COPD) 2,145 (27.8)
Sleep apnea 354 (4.6)
Cancer 993 (12.9)
Chronic renal failure 1,106 (14.3)
Pancreatic and liver disease 340 (4.4)
Inflammatory disease 191 (2.5)
Dementia 725 (9.4)
Parkinson’s disease 193 (2.5)
Epilepsy 130 (1.7)
Psychiatric disease 938 (12.2)
Within the 12 months of pre-index period
Median number [IQR] of office visit per patient 12.0[7.0;18.0]
at the general practitioner 10.0[6.0;15.0]
at the cardiologist 0.0[0.0;1.0]
Median number [IQR] of hospitalizations per patient 2.0[1.0;3.0]

Median number [IQR] of distinct medications (level 3 of 17.0[12.0;22.0]
the ATC code)

During index hospitalization

Median [IQR] length of stay 8.0 [4.0;14.0]
= 1 medical procedure performed during the stay, n (%)
BNP dosage 1,164 (15.1)
Echocardiography 1,133 (14.7)
Cardiac implantable devices 63 (0.8)
Cardiac rehabilitation 64 (0.8)
Heart transplant 0 (0.0)
Type of hospitalization discharge, n (%)
Home 5,743 (74.5)
Internal or inter-institutional transfer 1,962 (25.5)
Unknown 3(0.0)
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Tableau 2. Risk factors associated with Heart Failure (HF) readmission or ambulatory Acute Heart Failure (AHF) treatment in the 2 years
following the index HF hospitalization discharge in multivariate analysis considering death as competing risk after and adjustment on age, sex

and cardiovascular comorbidities.

HF readmission Ambulatory AHF treatment

HR (IC 95%) o] HR (IC 95%) P
Multivariate model
Age, years <0.0001 <0.0001
[65; 75][ vs. [40; 65] 1.38 (1.14; 1.68) 1.29 (1.10; 1.51)
275 vs. [40; 65] 1.54 (1.30; 1.82) 1.39 (1.22; 1.59]

Sex 0.07 0.08
Female vs. Male 0.91 (0.82; 1.01) 0.93 (0.85; 1.01)

High blood pressure <0.0001 <0.0001
Yes vs. No 1.42 (1.20; 1.68) 1.54 (1.32; 1.79)

Atrial fibrillation <0.0001 <0.0001
Yes vs. No 1.27 (1.15; 1.40) 1.19 (1.09; 1.30)

Ischemic heart disease 0.01 0.88
Yes vs. No 1.15 (1.03; 1.28) 0.99 (0.91; 1.09)

Dilated cardiomyopathy 0.02
Yes vs. No 1.23 (1.03; 1.45)

Cardiac rhythm disorders 0.25 0.28
Yes vs. No 1.07 (0.95; 1.21) 1.06 (0.96; 1.17)

Other cardio-neurovascular conditions 0.01 0.002
Yes vs. No 1.14 (1.03; 1.27) 1.15 (1.05; 1.26)

Diabetes <0.0001 <0.0001
Yes vs. No 1.26 (1.13; 1.40) 1.21 (1.10; 1.32)

Valvulopathy <0.0001 0.33
Yes vs. No 1.30 (1.15; 1.47) 1.05 (0.95; 1.18)

Chronic renal failure 0.0001
Yes vs. No 1.31 (1.15; 1.50)

Cancer 0.0001
Yes vs. No 0.72 (0.61; 0.85)

Dementia 0.001
Yes vs. No 0.72 (0.60; 0.89)

Stroke 0.001 0.002
Yes vs. No 0.72 (0.59; 0.87) 0.77 (0.66; 0.91)

Number of distinct medications delivered within <0.0001

the previous 12 months
112; 17] vs. €12
117; 22] vs =12
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HF readmission Ambulatory AHF treatment

HR (IC 95%) p HR (IC 95%) p

>22 vs. <12
Hospitalization for AHF within the 3 months
following the index date
Yes vs. No
Number of hospitalizations within the previous
12 months
>3vs. <3
LoS in the index hospitalization (days)
17; 14] vs. =7
>14 vs. <7

1.50 (1.32; 1.70)

] <0.0001
- 1.55 (1.35; 1.78)
<0.0001
0.77 (0.68; 0.88)
0.02

1.04 (0.95; 1.15)
0.88 (0.79; 0.98)
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Tableau 3. Risk factors associated with Heart Failure (HF) readmission or ambulatory Acute Heart Failure (AHF) treatment in the 6 months
following the index HF hospitalization discharge in multivariate analysis considering death as competing risk after and adjustment on sex and

cardiovascular comorbidities.

HF readmission

Ambulatory AHF treatment

HR (IC 95%) p HR (IC 95%) p
Multivariate model
Sex 0.13 0.04
Female vs. Male 0.90 (0.78; 1.03) 0.85 (0.72; 0.99)
High blood pressure 0.01 0.002
Yes vs. No 1.34 (1.08; 1.65) 1.52 (1.17; 1.99)
Atrial fibrillation 0.001
Yes vs. No 1.26 (1.10; 1.44)
Ischemic heart disease 0.007 0.64
Yes vs. No 1.22 (1.05; 1.40) 1.04 (0.88; 1.22)
Dilated cardiomyopathy 0.001 0.78
Yes vs. No 1.42 (1.15; 1.75) 0.96 (0.73; 1.26)
Cardiac rhythm disorders 0.07
Yes vs. No 1.16 (0.99; 1.36)
Other cardio-neurovascular conditions 0.04
Yes vs. No 1.16 (1.01; 1.34)
Valvulopathy <0.0001
Yes vs. No 1.47 (1.25; 1.71)
Chronic renal failure <0.0001
Yes vs. No 1.56 (1.32; 1.84)
Cancer 0.004
Yes vs. No 0.72 (0.58; 0.90
Stroke 0.009
Yes vs. No 0.71 (0.55; 0.92)
Hospitalization for AHF within the 3 - <0.0001
months following the index date
Yes vs. No - 2.03 (1.65; 2.51)
Number of distinct medications 0.001

delivered within the previous 12
months

112; 17] vs. €12

117; 22] vs <12

>22 vs. £12

1.17 (0.94; 1.47)
1.20 (0.95; 1.50)
1.53 (1.23; 1.90)
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Supplementary Table 1. Probabilities of Heart Failure (HF) readmission and ambulatory Acute Heart Failure (AHF) treatment within 2

years after HF hospital discharge (index date), taking into account competing risk of death (Fine and Gray method). For the outcome

ambulatory AHF treatment, the original date of the model was shifted to 91 days after the index hospitalization discharge to avoid the

immortal time bias induced by the definition of the outcome.

Index date M3 M6 M9 M12 M15 M18 M21 M24
HF readmission
Number of patients at risk 7,708 6,335 5,747 5,326 4,967 4,674 4,406 4,197 3,998
Number of patients with the outcome 0 652 891 1,069 1,241 1,376 1,467 1,548 1,621
Zyg??ée:fthr)’a“e”ts with the competing 721 1070 1313 1500 1658 1835 1963 2089
Cumulative probability, % [IC 95 %] 0.0 8.5[7.9;9.1 11.6[10.9;12.3] 13.9[13.1;14.7] 16.1[15.3;16.9] 17.9[17.0; 18.7] 19.0[18.2; 19.9] 20.1[19.2;21.0] 21.0[20.1; 22.0]
Ambulatory AHF treatment
Number of patients at risk 7,708 6906 5,788 5,041 4,504 4,094 3,722 3,444 3,223
Number of patients with the outcome - 0 687 1,186 1,537 1,795 2,020 2,185 2,301
Number of patients with the competing - 802 1,233 1,481 1,667 1,819 1,966 2,079 2,184
event (death)
Cumulative probability, % [IC 95 %] - 0 8.9 [8.3; 9.6] 15.4 [14.6; 16.2] 19.9[19.1; 20.8] 23.3[22.4;24.2] 26.2 [25.2; 27.2] 28.4[27.3;29.4] 29.9[28.8; 30.9]

AHF: Acute Heart Failure ; HF : Heart Failure
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Discussion of main results

This study confirms that the rate of HF readmission remains high after an initial HF
hospitalization in comparison with findings of previous studies, even when death is
considering as competing event. Around one in five HF patient has a repeat HF

hospitalization within the 2 years following a first admission.

The original aspect of this work was to study the ambulatory management of cardiac
decompensation by identifying variations in loop diuretic use over time. These diuretic
variations were identified among numerous patients since almost 1 in 3 patients initiated a
diuretic or had an increase in diuretic dose within the 2 years following a first admission for
HF. One limitation in assessing this outcome was that the chronologies spanning the HF
readmission and the changes related to diuretic use were not taken into account. The
initiation or the increase of diuretic may indeed have led to an HF readmission or have been
result form a previous HF hospitalization. One way to address this issue would have been to
develop a combined outcome including both events (HF readmission and ambulatory AHF
treatment), but the shift of the original date for the survival analysis of the outcome
ambulatory AHF treatment — to avoid the immortal time bias induced by the definition of the
outcome — did not make this option possible.

Results of this study also allow to determine a profile of HF patients at risk to be readmitted
for HF or receiving ambulatory AHF treatment after HF hospitalization discharge. Patients
with increasing age, HBP, diabetes or atrial fibrillation are thus more at risk to have a repeat
HF hospitalization or to receive ambulatory AHF treatment than the ones who do not
present with these characteristics. These clinical characteristics have the advantage of
being stable over time (contrary to biological variables) and therefore are appropriate factors
for early as long term prognostic.

4.4.Conclusion

This study highlighted the main clinical predictors responsible for cardiac decompensation in
early and long term in HF patients. Specific care dedicated to these conditions would
undoubtedly improve HF prognostic. However, these clinical risk factors should not be
considered independently of other potential extrinsic risk factors such as drug use. This
issue was addressed in the last study of this thesis.
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5. PHARMACOLOGICAL PREDICTORS OF HEART FAILURE
DECOMPENSATION




5.1.Rationale

As previously mentioned, one major issue related to HF is the iterative
hospitalizations it generates, and the magnitude of the costs associated. We
previously highlighted that some clinical characteristics of HF patients may influence
the risk of HF readmission, but other extrinsic risk factors such as drug use may also
decompensate HF and precipitate a new hospital admission.

Patients with HF often have a high medication burden for several reasons. First, HF
forms the end-stage of different cardiovascular diseases and their predisposing risk
factors and patients need drug treatment not only for heart failure itself but also for
cardiovascular related conditions. Moreover HF patients are elderly and present with
a number of unrelated, non-cardiovascular diseases, which further increase the
number of pharmaceutical substances with which they are treated. It has ben
reported that 40% of patients with HF had > 5 non cardiac comorbidities [122].
Polypharmacy is a common issue in HF patients; in USA, patients take on average
6.8 prescription medications per day, resulting in 10.1 doses a day [123].
Polypharmacy may be deleterious for HF patients in particular because of direct
myocardial toxicity related to the drug itself or adverse drug-drug interactions. Drugs
may directly cause or exacerbate HF by negative inotropic, lusitropic, or chronotropic
effects, by exacerbating hypertension or by delivering a high sodium load. Drug-drug
interactions may also increase the risk of cardiac exacerbation by limiting the
beneficial effects of HF medications. A previous study found that patients taking at
least 2 prescription medications had a 13% risk of an adverse drug-drug interaction,
which increased to 38% for 4 medications and 82% with =7 medications [124].

A non-exhaustive review published in the ESC Textbook of Cardiovascular Medicine®
has referenced, based on published data, the main non-cardiovascular drugs

responsible for cardiac decompensation et has detailed their mechanism of action.

2 Bosco- Levy P, Bezin J, Salvo F, and Moore N, « Cardiovascular effects of non-
cardiovascular drugs » in The ESC Textbook of Cardiovascular Medicine, Oxford,
Oxford University Press, 2019, pp. 61-66.
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5.2.Review of the literature

Non- cardiac drugs may cause or exacerbate heart failure by various mechanisms:
(a) by causing heart damage known to be involved in the onset of heart failure
(valvular heart disease, ischaemic heart disease, or cardiac rhythm disorder); (b) by
affecting cardiac contractility either directly by cytotoxicity or by negative inotropic
and lusitropic effects; or (c) by increasing systemic vascular resistance either by
exacerbating hypertension or by delivering a high sodium load. A relevant list of non-
cardiac medications leading to heart failure precipitation or exacerbation has been
established by the American Heart Association based on a review of multiple studies
(case reports, case series, meta- analysis, prospective and observational trials). This
list (published in Circulation in 2016 [125]) includes medications such as non-
steroidal anti-inflammatory drugs (NSAIDs), antidiabetic drugs, cancer

chemotherapy, anti- infective medications, antiepileptic and rheumatologic agents.

Some drugs may cause heart failure by direct myocardial toxicity, for instance,
several anticancer medications [125]. Anthracyclines such as doxorubicin or
daunorubicin, a class of cytotoxic agents much used in haematological and solid
organ tumours, induce cellular damage in myocytes, leading to a dilated or a
restrictive cardiomyopathy. The damage seems to be irreversible, cumulative, and
related to the lifetime total dose of the drug received, which may limit their use as

cancer chemotherapy.

Cyclophosphamide and ifosfamide are both alkylating agents with a mechanism of
cardiac injury that has not been precisely elucidated. They require hepatic activation
to their active metabolite phosphoramide mustard. Preclinical studies suggest that
this active phosphoramide mustard causes increased free radical formation in
cardiac tissue, leading to cell dysfunction or death. The onset of heart failure is acute,
occurring within 1-10 days of treatment, and it usually resolves after drug
discontinuation. Several targeted therapies such as trastuzumab, bevacizumab,
lapatinib, sorafenib, or sunitinib induce significant cardiac dysfunction in some
patients. The biological mechanism of cardiotoxicity is not clear but is presumably
related to cellular pathways within cardiomyocytes on which they operate, such as

epidermal growth factor receptor 2 or vascular endothelial growth factor- A ligand.

Chapter 5: Pharmacological predictors of heart failure decompensation 121



There is no clear relation to dose, and heart failure is often reversible after drug
discontinuation [125].

Occasional cases of cardiotoxicity including new-onset and worsening heart failure
have been reported with itraconazole, but no causality has been established. On the
basis of animal and clinical pharmacology studies, itraconazole may exert negative
inotropic effects; however, the precise mechanism is not known. On the basis of
these data, the United States Food and Drug Administration recommends avoiding
itraconazole in patients with a history of heart failure for onychomycosis and to
consider itraconazole only in cases of life- threatening fungal infections

Several cases of new- onset dilated cardiomyopathy with subsequent heart failure
have also been reported with amphotericin B [125].

In clozapine users, myocarditis and cardiomyopathy are rare but potentially fatal.
Clozapine-induced myocarditis typically occurs in the first 8 weeks of therapy and is
not related to dose. It may be a result of an immunoglobulin E-mediated hypersensi-
tivity reaction, but other potential mechanisms including elevations in catecholamine
levels, blockade of calcium-dependent ion channels, and increased production of
inflammatory mediators have been proposed [125].

Finally, based on post- marketing data, tumour necrosis factor-alpha inhibitors such
as infliximab, etanercept, and adalimumab, which play a major role in the
management of patients with rheumatoid arthritis and Crohn’s disease, have been
associated with new onset or worsening of heart failure. However, a recent sys-
tematic review found controversial results. The 2015 American College of
Rheumatology report recommends the use of these treatments in patients with heart
failure only if there are no other reasonable treatment options and if the heart failure
is in a compensated state [125].

Beyond a direct impact on the cardiomyocyte, heart failure may be induced or more
often worsened by drugs acting peripherally, on vascular contractility, or causing
volume overload by interfering with the renal excretion of sodium. This is especially
the case for NSAIDs, which have been associated with an increased risk of cardiac
decompensation ever since they were first marketed [126]
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Their anti- inflammatory effect is related to inhibition of cyclooxygenase isoenzymes
COX-1 and COX-2. NSAIDs do not appear to cause new occurrence of heart failure,
but their use is strongly correlated with relapse of heart failure [125]. NSAIDs
increase systemic resistance through sodium and water retention via the inhibition of
renal COX-2. Recently, a large observational European study found that the risk of
admission for heart failure was increased for at least nine NSAIDs: diclofenac,
ibuprofen, indomethacin, ketorolac, naproxen, nimesulide, piroxicam, etoricoxib, and
rofecoxib, irrespective of COX-2 selectivity. The magnitude of the association varied
according to the drug and the dose [127]. In contrast, the recent PRECISION trial
investigating cardiovascular safety of naproxen, ibuprofen, and celecoxib in over
20,000 patients found the selective COX-2 inhibitor to be somewhat superior to the
two non-selective NSAIDs [128]. Current recommendations of the American Heart
Association and European Society of Cardiology suggest avoiding this class of drugs
in patients with heart failure [3, 102].

Antidiabetic medications, such as thiazolidinediones and dipeptidyl peptidase-4
inhibitors have been involved in controversies about their role in causing
exacerbation of or new- onset heart failure. Thiazolidinediones such as rosiglitazone
and pioglitazone are peroxisome proliferator-activator receptor gamma agonists that
modulate the transcription of the insulin- sensitive genes involved in the control of
glucose and lipid metabolism in adipose tissue, muscle, and liver. Studies strongly
suggest that thiazolidinediones exacerbate existing and increase the risk for new-
onset heart failure by increasing sodium reabsorption in the distal nephron [125].
American and European guidelines [3] recommend avoiding thiazolidinedione use in
patients with heart failure, and the marketing of these drugs is now restricted to
certain countries. Rosiglitazone has been removed from the European market
because it was associated with increased rates of myocardial infarction and
pioglitazone has been withdrawn from the French market because of a suspected
association with bladder cancer [3, 129] The antidiabetic effect of dipeptidyl
peptidase-4 inhibitors is due to a reversible binding to the dipeptidyl peptidase-4
enzyme which prevents the degradation of endogenously released incretin
hormones, glucose- dependent insulinotropic polypeptide, and glucagon- like
peptide-1. This leads to an increase of insulin release and a decrease of glucagon
level. Excess heart failure admissions have been observed with saxagliptin and
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sitagliptin, but a possible class effect has been suggested by a meta- analysis
although the underlying mechanism is not well understood [125].

5.3.Research hypothesis and objectives

The drugs listed here above are now known to be at risk of cardiac decompensation,
but there is still a lack of data concerning the quantification of their risks. The review
of these drugs may also not be exhaustive, and other drugs potentially associated
with AHF readmission would required to be identified in order to adapt their use in HF
patients.

The aim of this study is thus to identify, in real world setting, the known or to date
unknown drugs potentially associated with a HF readmission among incident
hospitalized HF patients, using a representative sample of the French nationwide
healthcare database, the EGB (Echantillon Généralise de Bénéficiaires).

The manuscript summarizing the main findings of this study is currently ready for

submission and it will be proposed soon to an international peer reviewed journal

5.4. Article
5.4.1. Reference
Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C. Drugs

associated with heart failure readmission: a nested case-control study

5.4.2. Abstract

Background: Because of their age and their underlying conditions, HF patients are
likely to be exposed to multiple drugs, which can cause cardiac decompensation. The
drugs potentially associated with AHF readmission would required to be identified in

order to adapt their use in these patients.

Objectives: To identify, in real world setting, the known or to date unknown drugs
potentially associated with a HF readmission among incident hospitalized HF

patients.

Methods: A nested case-control study was conducted using a representative sample
of the French healthcare nationwide database, the Echantillon Généraliste de
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Bénéficiaires (EGB). Cases and controls were identified from a cohort of patients with
an incident HF hospitalization between January 1, 2008 and September 31, 2013.
Cases were all patients presenting with an incident readmission for AHF during the 2
years of follow-up and controls were randomly selected from the risk set and
matched to a given case on age, sex and inclusion date. The risk of AHF
readmission was studied for each medication dispensed during the recent (i.e. 60 to
30 days before readmission) or current (i.e. 30 to 7 days preceding readmission)
exposure period using conditional logistic regression model.

Results: From the 6052 patients of the cohort, 694 patients with an incident
hospitalization for AHF after the initial HF hospitalization were matched to 1 930
controls. Only the recent use of bivalent iron and soft paraffin and fat products were
associated with a higher risk of AHF readmission (Odds Ratios [95% Confidence
Interval]: 1.71 [1.05-2.80] and 2.02 [1.23-3.34] respectively).

Conclusion: The associations found suggest that some comorbidity has an
important prognostic role on the risk of AHF readmission rather than the use of

certain drugs may worsen HF.
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ABSTRACT

Background: Because of their age and their underlying conditions, HF patients are likely to
be exposed to multiple drugs, which can cause cardiac decompensation. The drugs potentially
associated with AHF readmission would required to be identified in order to adapt their use in
these patients.

Objectives: To identify, in real world setting, the known or to date unknown drugs potentially
associated with a HF readmission among incident hospitalized HF patients.

Methods: A nested case-control study was conducted using a representative sample of the
French healthcare nationwide database, the Echantillon Généraliste de Beénéficiaires (EGB).
Cases and controls were identified from a cohort of patients with an incident HF
hospitalization between January 1, 2008 and September 31, 2013. Cases were all patients
presenting with an incident readmission for AHF during the 2 years of follow-up and controls
were randomly selected from the risk set and matched to a given case on age, sex and
inclusion date. The risk of AHF readmission was studied for each medication dispensed
during the recent (i.e. 60 to 30 days before readmission) or current (i.e. 30 to 7 days preceding
readmission) exposure period using conditional logistic regression model.

Results: From the 6052 patients of the cohort, 694 patients with an incident hospitalization
for AHF after the initial HF hospitalization were matched to 1 930 controls. Only the recent
use of bivalent iron and soft paraffin and fat products were associated with a higher risk of
AHF readmission (Odds Ratios [95% Confidence Interval]: 1.71 [1.05-2.80] and 2.02 [1.23-
3.34] respectively).

Conclusion: The associations found suggest that some comorbidity has an important
prognostic role on the risk of AHF readmission rather than the use of certain drugs may
worsen HF.

Word count of the abstract: 280
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INTRODUCTION

Heart Failure (HF) is a major public health issue because of the iterative hospitalization it
generates and the magnitude of the associated costs. One in four patients is readmitted within
30 days after an initial hospitalization (1,2) and iterative hospitalizations contribute to
increase the financial burden of the disease, which is approximately 2% of the total health-
care budget in Europe (3,4) and in France, around €2.5 billions of the healthcare expenditure
supported by the National Health Insurance System in 2013 (5). Part of these hospitalizations
may be induced by non-cardiovascular drugs, which may cause or exacerbate HF either by
direct myocardial toxicity related to drug use or by adverse drug-drug interactions that may
limit the beneficial effects of HF medications. Many of these drugs have been referenced by
the American College of Cardiology and the American Heart Association Class of
Recommendation and Level of Evidence, in order to establish recommendations on their use,
encompassing the estimated magnitude and certainty of benefit of a clinical action in
proportion to risk (6).

In HF, the use of multiple drugs is common; HF patients need drug treatment not only for
heart failure itself but also for cardiovascular underlying conditions. Moreover, HF patients
are elderly and present with a number of unrelated, non-cardiovascular comorbidities (7),
which further increase the number of pharmaceutical substances with which they are treated.
According to Masoudi et al., HF patients take on average 6.8 prescription medications per
day, resulting in 10.1 doses a day (8). As the number of prescription medications increases, so
does the potential for adverse drug events and drug-drug interactions. For instance, Goldberg
et al found that patients taking at least 2 prescription medications had a 13% risk of an
adverse drug-drug interaction, which increased to 38% for 4 medications and 82% with > 7

medications (9).
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Although some drugs are known to be at risk of cardiac decompensation, there is still a lack
of data concerning the quantification of these risks in the French population. The list of these
drugs may also not be exhaustive, and other drugs potentially associated with AHF
readmission would required to be identified in order to adapt their use in HF patients.

The aim of this study is thus to identify, in real world setting, the known or to date unknown
drugs potentially associated with a HF readmission among incident hospitalized HF patients,
using a representative sample of the French nationwide healthcare database, the EGB

(Echantillon Généralise de Bénéficiaires).
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METHOD

Study design and data source

A nested case-control study was conducted using data from the Echantillon Généraliste de
Bénéficiaires (EGB) database, a representative permanent 1/97" sample of the national
healthcare data system in France, Systeme National des Données de Santé (SNDS) which
covers 99% of the French population from birth to death (10). Complete data before 2011 are
available only for subjects covered by the main insurance plan, covering salaried employees
and their dependents, i.e., 76% of the French population. For each insured person, SNDS
provides pseudonymized information on all reimbursed medical and paramedical encounters,
drugs claims, hospital admissions and procedures (except for psychiatric hospitals and
rehabilitation centers), registration for Long Term Diseases (LTD) dispensing from
copayment, and date of death, but not its cause. Hospital diagnoses are coded according to the
International Classification of Disease 10™ edition (ICD-10) and the quality of this coding is
ensured by regular internal and external audits (11). The quality of hospital coding for HF has

been verified. (12)

Study population

The study population consisted of a cohort of patients aged over 40, covered by the main
health insurance plan, with a first hospitalization for HF whose discharge date was identified
between January 1, 2008 and September 31, 2013. An incident HF hospitalization was
defined as a first hospitalization with a discharge code 150.x of the ICD-10 in any diagnostic
position, with no LTD registration or hospital admission for HF in the 2 previous years.
Patients were required to have a pre-index period of 1 year and at least 2 year of follow-up
after the index date (excluding deaths). We excluded all patients who died during the index

hospitalization or within the 90 days following discharge hospitalization, who were
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readmitted for Acute HF (AHF) within the 90 days following discharge hospitalization or
who had a period of at least 90 days with no healthcare dispensing recorded. The 90™ day
following the incident HF hospitalization discharge was defined as the inclusion date. Patients

were followed for 2 years after inclusion date or until death or outcome whichever came first.

Case-control selection

Cases were all patients of the cohort with an incident readmission for AHF during the 2 years
of follow-up. Diagnosis of AHF was identified based on the algorithm developed by the
custodians of the French national healthcare system (13) which includes the validated ICD-10
discharge code 150.x (12). For each case, we used the entry date of AHF readmission to
define the index date. Up to 6 controls were randomly selected from the risk set after
matching on age (+/- 5 years), sex and inclusion date (+/- 7 days). All controls were alive and
had no previous AHF readmission when they were selected from the risk set to be matched to
a given case. The date of matching defined the index date for controls. To ensure that all
drugs dispensing could be identified within the 60-day window preceding index date, we
restricted all analyses to cases and matched controls, who did not have any hospitalization

within the 60 days preceding the index date.

Exposure assessment

The exposure of interest was all medications reimbursed within the 60 days preceding index
date. Patients were considered exposed to one given medication (identified using ATC codes
level 4) if they receive at least one dispensing of this medication during the following drug
exposure periods: within the 7 days preceding index date (index date excluded), between 7
and 30 days before index date (i.e. current exposure) or between 30 and 60 days before index

date (i.e. recent exposure). The 7-day drug exposure period preceding index date was used to
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identify associations between medication and AHF readmission potentially biased by reverse
causality. This bias occurs when the reason of drug initiation is influenced by early signs or
symptoms of AHF. Consequently, a time lag period of 7 days between index date and drug
exposure period was incorporated in the definition of the current exposure period to minimize

this bias (14).

Confounding factors

Potential confounding factors were selected within the 1-year period of history before
inclusion or at inclusion date (i.e. age, Charlson Comorbidity Index score adapted to the
SNDS database (15), cardiac comorbidities not included in the Charlson Comorbidity Index
Score, number of previous hospitalizations, number of previous office visits to the general
practitioner or the cardiologist and number of distinct previously dispensed medications based
on ATC level 3), between inclusion date and the day preceding drug exposure period (i.e.
exposure to HF medications and the medication of interest), and during the drug exposure
period (all dispensed medications with the exception of the medication of interest). Exposure
to HF medications and to the medication of interest was assessed using the Medication
Possession Ratio (MPR) measured between inclusion date and the day preceding drug
exposure period (i.e. number of days covered by all dispensing of a given drug divided by the
number of days between inclusion date and the day preceding drug exposure period). MPR

was considered in 4 classes: 0%, ]0; 40%], ]40; 80%] and ]80; 100%].

Statistical Analyses
We performed descriptive analyses where categorical variables were described in number and
percent, and quantitative variable in mean and standard deviation (SD) or median and

interquartile range (IQR). We used absolute standardized differences to examine covariate
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balance between cases and matched controls. In studies with large sample sizes, statistically
significant differences are often not meaningful; the absolute standardized difference is not
influenced by sample size. A standardized difference of 0.1 (10%) is commonly used to
denote meaningful imbalance between groups (16). Associations between a given medication
and AHF readmission were estimated using conditional logistic regression model. For each
drug exposure period, medications were first selected if they had significance <0.25 in
univariate analysis. Association to AHF readmission was assessed for each pre-selected
medication after adjustment on potential confounders. Results are presented as Odd Ratios

(OR) with corresponding 95% confidence intervals (95% CI).
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RESULTS

A total of 6 052 patients were included in the cohort (Figure 1). The cohort was followed for a
mean of 1.66 years (SD 0.62 years). Overall, 694 patients with an incident hospitalization for
AHF after the initial HF hospitalization and without any hospitalization within the 60 days
preceding index date were matched to 1 930 controls. Among the cases, the median duration
before AHF readmission was 8 months after inclusion date (IQR [3.3; 14.4]).

Characteristics of these cases and matched controls are reported in Table 1. Cases were on
average 80.7 (SD 9.7) years old at index date, were predominantly female (52.2%) and had an
average Charlson Comorbidity Index score of 7.1 (SD 2.1). The most frequent cardiac
comorbidities not included in the Charlson Comorbidity Index score among cases were: high
blood pressure (96.8%), atrial fibrillation (49.3%) and dyslipidemia (47.3%). Within the 12
months pre-index period, cases had a median of 14 (IQR [9.0; 19.0]) outpatient consultations,
especially at the general practitioner. The median number of previous hospitalizations was 2.0
(IQR [1.0; 3.0]) and the mean number of distinct medications dispensed within the pre-index
period was 19.5 (SD 6.4). Matched controls had very similar characteristics to those of the
cases.

Drugs potentially associated with AHF readmission are presented in Table 2 according to the
drug exposure period considered and after adjustment on potential confounders. HF subjects
were more likely to be readmitted for AHF if they had a current exposure to selective to
bivalent iron (OR 2.02, 95%CI [1.23-3.34]) or to soft paraffin and fat products although the
low limit of the 95%CI is very close to 1 (OR 1.71, 95%CI [1.05-2.80]). No significant other
association was found for the drugs identified in the recent exposure period or during the 7

days before index date.
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DISCUSSION
This nested case-control study showed that the current use in real life setting of bivalent iron

and soft paraffin and fat products were associated with an increased risk of AHF readmission.

To our knowledge, no other study has examined the association between the recent or current
use of drugs with the risk of AHF readmission. The American College of Cardiology and the
American Heart Association Class of Recommendation and Level of Evidence have
referenced a list of drugs that may cause or exacerbate heart failure based on data from case
reports, case series, package inserts, meta-analyses, and prospective and observational trials
(6). However, the drugs referenced by this report did not emerged as significantly associated
with AHF readmission in our study. This might be explained by a lack of power related to the
database used, the EGB which is only a sample of the overall French nationwide database.
Another reason may be that these drugs are avoided in HF patients because the risk related to

their use is currently well known by prescribers.

Among drugs currently used before AHF readmission, bivalent iron and soft paraffin and fat
products appeared to be significantly associated with an increased risk of AHF readmission.
After comparison with published data, it appears that the association found between bivalent
iron exposure and the risk of AHF readmission reflects rather the prognostic role of
underlying comorbidities in AHF readmission such as anemia or iron deficiency, than the
consequence of the use of the medications indicated to treat these conditions. Indeed, both
anemia and iron deficiency are known to be associated with a decrease in effort capacity and
quality of life, as well as a rise in hospital admission frequency (17). Several studies showed
clinical benefits of iron therapy, resulting in increasing haemoglobin concentration, but also in

improving the functioning of non-haematopoietic tissues, such as skeletal muscles (18). The
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latest HF Guidelines (2016) have even recommended routine evaluation of iron deficiency in
patients with HF and ferric carboxymaltose therapy

However, we cannot rule out the possibility that our findings reflect the possible involvement
of bivalent iron in unfavorable drug interactions with medications that influence
cardiovascular functions.

The association found between soft paraffin and fat products and AHF readmission seems to
be serendipitous, since these products has no specific therapeutic effect or use. As for bivalent
iron, these products may also be related to an underlying comorbidity, which remains to be

identified.

This study presents several limitations. First, this study suffers from a lack of power due to
the database used. Although EGB contains a population representative of the French national
population and is commonly used for pharmacoepidemiology studies (10), its size is limited
to assess the effect of each medication on the risk of AHF readmission. Only the strongest
associations could be identified. Because of the size of the population, it was not possible to
study the associations by stratifying on the dispensed daily doses of a considered medication
or on the age, which would have help to distinguish between HF with reduced ejection
fraction and HF with preserved fraction, information that was not available in our database.
Besides the ejection fraction, other valuable information was lacking in our database. This
concerns for instance the results of the BNP performed during the stay, which would have
help to characterise the type of heart failure more accurately, the NYHA class necessary to
assess HF severity, or the reason for office visits, important to identify better the onset of

cardiac exacerbation.

This study also presents some strength. The methodology applied namely the nested case-

control approach, provides robust estimates. Compared with a full cohort approach using a
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survival analysis with time dependent variables, the nested case-control analysis is
computationally more efficient (19) while producing odds ratios that are unbiased estimators
of incidence rate ratios with little or no loss in precision (20). Because the database used
contains prerecorded information on dispensations, the possibility of recall bias was
eliminated. Moreover, controls presented with similar characteristics to cases allowing
overcoming selection bias. The matching of the controls on age, sex and index date and the
adjustment on relevant comorbidities through the Charlson index comorbidity score also

helped to limit confusion bias.

Conclusion
This study did not confirm that the use of certain drugs may worsen HF, but it reinforced the
fact that some comorbidity has an important prognostic role on the risk of AHF readmission.

Further specific studies are required to deepen these findings.
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Patients with an incident hospitalization for HF
between 01/01/2008 and 31/09/2013
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Table 1. Baseline description of cases and matched controls

Cases Controls Standardized
n=694 n=1930 differences
Demographic characteristics*

Mean (SD) age at index date (years) 80.7 (9.7) 80.7 (5.9) 0.001
Sex female, n (%) 362 (52.2) 1095 (52.2) 0
Charlson Comorbidity Index score*, n (%) 0.042

[2-3] 9(1.3) 17 (1.3)
[4-5] 113 (16.3) 302 (17.4)
[6-7] 342 (49.3) 939 (47.3)
>7 230 (33.1) 672 (33.9)
Cardiac comorbidities not included in the Charlson
Comorbidity Index score*, n (%)
High blood pressure 672 (96.8) 1800 (92.7) 0.185
Dyslipidemia 328 (47.3) 953 (49.5) -0.046
Atrial fibrillation 342 (49.3) 807 (41.4) 0.159
Cardiac rhythm disorders 152 (21.9) 411 (21.5) 0.009
Valvulopathy 152 (21.9) 341 (17.2) 0.118
Dilated cardiomyopathy 8 (9.8) 150 (9.0) 0.026
Other cardio-neurovascular conditions 298 (42.9) 689 (37.0) 0.122
Within the 12 months of pre-index period*
Median number [IQR] of office visit per patient
at the general practitioner 12.0[8.0;17.0] 11.0 [7.0;16.0] 0.152
at the cardiologist 0.0 [0.0;1.0] 0.0[0.0;1.0] 0.062
Median number [IQR] of hospitalizations per patient 2.0[1.0;3.0] 2.0[1.0;3.0] 0.093
Mean number (SD) of distinct medications (level 3 of the ATC 19.5 (6.4) 18.3 (4.1) 0.224

code)
* For controls, means, standard deviations, medians, interquartile ranges and percentages were weighted by the inverse
number of controls matched to each case.
§ Charlson Comorbidity Index Score adapted to the of French nationwide healthcare database SNDS and including 17
categories of comorbidity
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Table 1. Association between drugs use and heart failure readmission according to the different drug exposure windows

7-30 days of drug exposure (Current 30-60 days of drug exposure

7 days of drug exposure

exposure) (Recent exposure)
Adjusted OR* value Adjusted OR* value Adjusted OR* value
[IC 95%] P [IC 95%] P [IC 95%] P
A02BC - Proton-pump inhibitors 0.83 [0.59-1.47] 0.76 - -
NO2BE - Anilides 1.26 [0.86-1.86] 0.23 1.15[0.89-1.50] 0.29 1.17 [0.91-1.50] 0.23
A12BA - Potassium 1.43 [0.87-2.34] 0.15 0.97 [0.68-1.39] 0.87 1.08 [0.76-1.54] 0.66
C10AA - HMG CoA reductase inhibitors - 0.71[0.50-1.00] 0.05 -
BO1AA - Vitamin K antagonists - 1.27 [0.93-1.75] 0.14 0.95[0.70-1.29] 0.76
C01BD - Antiarrhythmics, class Il - 0.91 [0.60-1.37] 0.64 1.18 [0.80-1.75] 0.39
MO4AA - Inhibitors uric acid production - 1.30[0.81-2.08] 0.27 1.18 [0.71-1.96] 0.52
CO01DA - Organic nitrates - 0.90 [0.55-1.49] 0.69 1.46 [0.96-2.21] 0.07
NO5CF - Benzodiazepine related drugs - 1.26 [0.86-1.86] 0.23 0.94 [0.62-1.43] 0.77
NOB6AB - Selective serotonin reuptake
L - 1.563[0.95-2.46] 0.08 -
inhibitors
RO3AK - Adrenergics with corticosteroids ) 1.181[0.73-1.91] 0.49 )
or other drugs
HO2AB - Glucocorticoids - 1.25[0.76-2.04] 0.38 1.51[0.97-2.37] 0.07
BO3AA — Bivalent iron, oral preparations - 2.02 [1.23-3.34] 0.006 -
D02AC - Soft paraffin and fat products - 1.71[1.05-2.80] 0.03 1.14[0.71-1.83] 0.58
R0O3BB - Anticholinergics - 1.15[0.64-2.06] 0.63 0.74 [0.40-1.35] 0.33
BO1AC - I?Iatelet aggregation inhibitors ) 0.88 [0.64-1.21] 043
excl. heparin
AOB6AD - Osmotically acting laxatives - - 1.31[0.91-1.88] 0.14
G04CA. N Alpha-adrenoreceptor ) ) 1.61[0.81-3.21] 0.17
antagonists
MOZAA - anti-inflammatory non-steroids ) ) 1.27 [0.84-1.92] 0.25
for topical use
NO2AX - Other opioids - - 1.20[0.78-1.84] 0.41
A10BB - Sulfonylureas - - 1.09 [0.60-1.97] 0.78
R03AC - Selective beta-2-adrenoreceptor ) ) 0.93 [0.58-1.51] 078
agonists
A10AE - Insulins and analogues for ) ) 1.49 [0.82-2.71] 0.19

injection, long-acting

* Adjusted on age, the Charlson Comorbidity Index Score, cardiac comorbidities not included in the Charlson Comorbidity Index Score, number of previous hospitalizations, number
of previous office visits to the general practitioner or the cardiologist and number of distinct previously dispensed medications, medications dispensed during the exposure period
with a frequency >5% (apart from the medication of interest), Medication Possessio Ratio of heart failure medications and the medication of interest calculated between inclusion
date and the day preceding drug exposure period.

**in men only
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5.5.Discussion

The main finding of this article was that bivalent iron use dispensed to treat anemia
or iron deficiency was significantly associated with a higher risk of AHF readmission.
This result confirmed those of previous studies [138, 139].

However, this did not bring to light any new or already known associations between
the current or recent use of medications and AHF readmission. This is mainly
explained by the lack of power of the study due to the size of the database we used.
The overall French nationwide database, the SNDS, would have been more
appropriate than its 1/97™ sample for this study but the complexity and the time
required to obtain data have not enabled the use of this database as part of this
thesis.

The reason for choosing a nested case control study as study design for our study
was that it offered the possibility to study the association with AHF readmission for
multiple medications and for various drug exposure periods. The purpose of this
approach was to identify drugs potentially at risk of cardiac decompensation, but
these findings would have required strengthening by other studies. For instance,
self-controlled case series could be considered to study specifically the effect of a

transient exposure to a given medication.
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6. GENERAL CONCLUSION AND PERSPECTIVES
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The efficacy of the medications used in HF has been shown in many clinical trials in
the last 30 years. However the persistence of a high rate of mortality and morbidity in
HF patients raise questions about the optimization of HF patients care in real world
setting.

At the initiation of this thesis, few data was published to understand the therapeutic
management and the risk of cardiac decompensation in real-life setting. We have
thus conducted several studies, for which the results may help to address the
remaining questions concerning HF patient characteristics and provide insights to
improve their care management. The significant methodological challenge of this
work was to use data of the French healthcare administrative database, which
constitutes a valuable tool for the description of healthcare consumption in HF
patients but for which clinical data is sorely lacking.

After validating the accuracy of the codes to use for identifying HF patients in the
EGB database, we made the choice to include all patients with a HF diagnosis coded
either as main or secondary diagnosis for each of the studies conducted as part of
this thesis. We are aware that this choice is arguable; we could have included only
patients with HF diagnosis coded as main diagnosis to ensure a better sensitivity for
our study population, but we deemed this definition too restrictive. We based our
choice on the fact that, in theory, the HF diagnosis is coded as secondary diagnosis
only if it produces an “increase in care and in use of resources in comparison with
the initial comorbidity” [142]. Whatever the position of the diagnosis coding, HF
patients should thus have received specific care for their condition during their
hospital stay.

We showed, in the second part of this work, that between 17% and 37% of HF
patients were not exposed to any HFrEF treatment in the year following hospital
discharge. This significant proportion of HF patients may represent patients who
benefit only from strict application of dietary rules, or patients who were hospitalized
as part of their HF check and who secondarily received a treatment. This may
explain why half of these untreated patients became treated within the 3 months
following hospital discharge. These findings show that it would thus be preferable to
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assess persistence or adherence to HF treatments a few months after hospital
discharge rather than immediately after hospital discharge.

The third part of our work confirmed that slightly less than one quarter of HF patients
had repeat hospitalizations within the 2 years following an incident HF hospitalization
and that the main clinical predictors of readmission were age, high blood pressure,
atrial fibrillation and diabetes. This proportion is high, although less alarming than
those found in published studies [104, 120, 121], particularly because of the
methodology applied, which takes into account the competing risk of death. These
results reinforce the idea that HF patients, and especially those with a highest risk
profile, need a regular medical surveillance. Monitoring of HF patients needs to be
multifaceted with intensive patient education, optimisation of the therapeutic regimen
and ongoing surveillance. But to date there is no clear guidelines on what factors
should be monitored, and how frequently these factors should be reported. The
potential for home monitoring such as home visitation, telemedecine or external or
implantable devices, is substantial to improve the management of HF patients. Some
of these monitoring devices have already been demonstrated to improve health
status and reduce HF hospitalizations [143]. Further studies are nevertheless
required to determine what place these monitoring methods would occupy within the

HF treatment strategy.

Finally, although our last study did not highlight any significant associations between
medication use and AHF readmission, it underlines the importance of the
management of certain medical conditions such as anemia or iron deficiency to
prevent repeat hospitalizations. Nonetheless, these findings appear to justify the
carrying out of further studies with greater power using larger databases such as the
SNDS to complete the investigation of drugs potentially at risk of cardiac
decompensation in HF patients. Although expensive and time-consuming, linkage of
healthcare consumption data from SNDS with clinical data from a prospective cohort
or from a HF registry such as FRESH (FREnch Survey on Heart Failure) could
provide interesting alternatives to compensate for the lack of clinical data of the
SNDS.
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Despite these limits, this work provides valuable primary findings on chronic HF
therapeutic management and risk of cardiac decompensation in real-life setting,
which may serve as a basis for further pharmacoepidemiology studies. For instance,
with the recent marketing of the HF drug Entresto®, new studies will be required to

assess its benefit and safety in real conditions of use.

Chapter 6: General conclusion and perspectives 148



REFERENCES

1. Yancy CW, Jessup M, Bozkurt B, et al (2013) 2013 ACCF/AHA Guideline for
the Management of Heart Failure A Report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
Circulation 128:€240—e327. https://doi.org/10.1161/CIR.0b013e31829e8776

2. Authors/Task Force Members, McMurray JJV, Adamopoulos S, et al (2012)
ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
2012. Eur J Heart Fail 14:803-869. https://doi.org/10.1093/eurjhf/hfs105

3. Ponikowski P, Voors AA, Anker SD, et al (2016) 2016 ESC Guidelines for the
diagnosis and treatment of acute and chronic heart failure. Eur J Heart Fail 18:891—
975. https://doi.org/10.1002/ejhf.592

4. Miljkovik LV, Spiroska V (2015) Heart Failure with Preserved Ejection Fraction
— Concept, Pathophysiology, Diagnosis and Challenges for Treatment. Open Access
Maced J Med Sci 3:521-527. https://doi.org/10.3889/0amjms.2015.087

5. Ho JE, Lyass A, Lee DS, et al (2013) Predictors of New-Onset Heart Failure:
Differences in Preserved Versus Reduced Ejection Fraction. Circ Heart Fail 6:279—
286. https://doi.org/10.1161/CIRCHEARTFAILURE.112.972828

6. Savarese G, Lund LH (2017) Global Public Health Burden of Heart Failure.
Card Fail Rev 3:7-11. https://doi.org/10.15420/cfr.2016:25:2

7. Kapoor JR, Kapoor R, Ju C, et al (2016) Precipitating Clinical Factors,
Heart Failure Characterization, and Outcomes in Patients Hospitalized With Heart
Failure With Reduced, Borderline, and Preserved Ejection Fraction. JACC Heart Fail
4:464-472. https://doi.org/10.1016/j.jchf.2016.02.017

8. Tsutsui H, Tsuchihashi-Makaya M, Kinugawa S (2010) Clinical characteristics
and outcomes of heart failure with preserved ejection fraction: Lessons from
epidemiological studies. J Cardiol 55:13-22.
https://doi.org/10.1016/j.jjcc.2009.09.003

9. Butler J, Anker SD, Packer M (2019) Redefining Heart Failure With a
Reduced Ejection Fraction. JAMA. https://doi.org/10.1001/jama.2019.15600

10.  Maggioni AP, Dahlstrom U, Filippatos G, et al (2013) EURObservational
Research Programme: regional differences and 1-year follow-up results of the Heart
Failure Pilot Survey (ESC-HF Pilot). Eur J Heart Fail 15:808-817.
https://doi.org/10.1093/eurjhf/hft050

11.  Christine de Peretty, Clémence Pérel, Philippe Tuppin, et al (2014)
Prevalence and functional status of coronary heart diseases and heart failure in the
adult population in France: contribution of the “Disabilities and Health” cross-
sectional surveys. BEH

12. Gabet A, Lamarch-Vadel A, Chin F, et al (2014) Heart failure mortality in
France, trends 2000-2010. 386-94

13. Mozaffarian D, Benjamin EJ, Go AS, et al (2015) Heart disease and stroke
statistics--2015 update: a report from the American Heart Association. Circulation
131:29-322. https://doi.org/10.1161/CIR.0000000000000152

14. Roger VL (2013) Epidemiology of Heart Failure. Circ Res 113:646—659.
https://doi.org/10.1161/CIRCRESAHA.113.300268

15. Tuppin P, Cuerq A, de Peretti C, et al (2014) Two-year outcome of patients
after a first hospitalization for heart failure: A national observational study. Arch
Cardiovasc Dis 107:158-168. https://doi.org/10.1016/j.acvd.2014.01.012

16. Bueno H, Ross JS, Wang Y, et al (2010) Trends in Length of Stay and Short-

149



term Outcomes Among Medicare Patients Hospitalized for Heart Failure, 1993-2006.
JAMA 303:2141-2147. https://doi.org/10.1001/jama.2010.748

17. Ross JS, Chen J, Lin Z, et al (2010) Recent National Trends in Readmission
Rates After Heart Failure Hospitalization. Circ Heart Fail

18. Braunschweig F, Cowie MR, Auricchio A (2011) What are the costs of heart
failure? EP Eur 13:ii13—ii17. https://doi.org/10.1093/europace/eur081

19. Tuppin P, Riviére S, Rigault A, et al (2016) Prevalence and economic burden
of cardiovascular diseases in France in 2013 according to the national health
insurance  scheme  database.  Arch Cardiovasc  Dis 109:399-411.
https://doi.org/10.1016/j.acvd.2016.01.011

20. Steinberg BA, Zhao X, Heidenreich PA, et al (2012) Trends in Patients
Hospitalized With Heart Failure and Preserved Left Ventricular Ejection Fraction.
Circulation

21.  Dunlay SM, Roger VL, Redfield MM (2017) Epidemiology of heart failure with
preserved ejection fraction. Nat Rev Cardiol 14:591-602.
https://doi.org/10.1038/nrcardio.2017.65

22. Faris R, Flather M, Purcell H, et al (2002) Current evidence supporting the
role of diuretics in heart failure: a meta analysis of randomised controlled trials. Int J
Cardiol 82:149-158

23. Faris RF, Flather M, Purcell H, et al (2012) Diuretics for heart failure.
Cochrane Database Syst Rev CD003838.
https://doi.org/10.1002/14651858.CD003838.pub3

24.  Pitt B, Zannad F, Remme WJ, et al (1999) The effect of spironolactone on
morbidity and mortality in patients with severe heart failure. Randomized Aldactone
Evaluation Study Investigators. N Engl J Med 341:709-717.
https://doi.org/10.1056/NEJM199909023411001

25. Zannad F, McMurray JJV, Krum H, et al (2011) Eplerenone in patients with
systolic heart failure and mild symptoms. N Engl J Med 364:11-21.
https://doi.org/10.1056/NEJMoa1009492

26. Hjalmarson A, Goldstein S, Fagerberg B, et al (2000) Effects of controlled-
release metoprolol on total mortality, hospitalizations, and well-being in patients with
heart failure: the Metoprolol CR/XL Randomized Intervention Trial in congestive
heart failure (MERIT-HF). MERIT-HF Study Group. JAMA 283:1295-1302

27. Packer M, Bristow MR, Cohn JN, et al (1996) The effect of carvedilol on
morbidity and mortality in patients with chronic heart failure. U.S. Carvedilol Heart
Failure Study Group. N Engl J Med 334:1349-1355.
https://doi.org/10.1056/NEJM199605233342101

28. Packer M, Coats AJ, Fowler MB, et al (2001) Effect of carvedilol on survival in
severe  chronic heart failure. N Engl J Med 344:1651-1658.
https://doi.org/10.1056/NEJM200105313442201

29. (1999) Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL
Randomised Intervention Trial in Congestive Heart Failure (MERIT-HF). Lancet Lond
Engl 353:2001-2007

30. (1999) The Cardiac Insufficiency Bisoprolol Study Il (CIBIS-Il): a randomised
trial. The Lancet 353:9-13. https://doi.org/10.1016/S0140-6736(98)11181-9

31. Flather MD, Shibata MC, Coats AJS, et al (2005) Randomized trial to
determine the effect of nebivolol on mortality and cardiovascular hospital admission
in elderly patients with heart failure (SENIORS). Eur Heart J 26:215-225.
https://doi.org/10.1093/eurheartj/ehi115

32. Kotecha D, Holmes J, Krum H, et al (2014) Efficacy of B blockers in patients

150



with heart failure plus atrial fibrillation: an individual-patient data meta-analysis.
Lancet Lond Engl 384:2235-2243. https://doi.org/10.1016/S0140-6736(14)61373-8
33. (1992) Effect of Enalapril on Mortality and the Development of Heart Failure in
Asymptomatic Patients with Reduced Left Ventricular Ejection Fractions. N Engl J
Med 327:685—691. https://doi.org/10.1056/NEJM199209033271003

34. CONSENSUS Trial Study Group (1987) Effects of enalapril on mortality in
severe congestive heart failure. Results of the Cooperative North Scandinavian
Enalapril Survival Study (CONSENSUS). N Engl J Med 316:1429-1435.
https://doi.org/10.1056/NEJM198706043162301

35. Garg R, Yusuf S (1995) Overview of randomized trials of angiotensin-
converting enzyme inhibitors on mortality and morbidity in patients with heart failure.
Collaborative Group on ACE Inhibitor Trials. JAMA 273:1450-1456

36. Packer M, Poole-Wilson PA, Armstrong PW, et al (1999) Comparative effects
of low and high doses of the angiotensin-converting enzyme inhibitor, lisinopril, on
morbidity and mortality in chronic heart failure. ATLAS Study Group. Circulation
100:2312-2318

37.  (1991) Effect of Enalapril on Survival in Patients with Reduced Left Ventricular
Ejection Fractions and Congestive Heart Failure. N Engl J Med 325:293-302.
https://doi.org/10.1056/NEJM199108013250501

38. Granger CB, McMurray JJV, Yusuf S, et al (2003) Effects of candesartan in
patients with chronic heart failure and reduced left-ventricular systolic function
intolerant to angiotensin-converting-enzyme inhibitors: the CHARM-Alternative trial.
Lancet Lond Engl 362:772—776. https://doi.org/10.1016/S0140-6736(03)14284-5

39. Cohn JN, Tognoni G (2001) A Randomized Trial of the Angiotensin-Receptor
Blocker Valsartan in Chronic Heart Failure. N Engl J Med 345:1667-1675.
https://doi.org/10.1056/NEJMoa010713

40. Swedberg K, Komajda M, Bohm M, et al (2010) lvabradine and outcomes in
chronic heart failure (SHIFT): a randomised placebo-controlled study. Lancet Lond
Engl 376:875-885. https://doi.org/10.1016/S0140-6736(10)61198-1

41. Bohm M, Borer J, Ford |, et al (2013) Heart rate at baseline influences the
effect of ivabradine on cardiovascular outcomes in chronic heart failure: analysis
from the SHIFT study. Clin Res Cardiol Off J Ger Card Soc 102:11-22.
https://doi.org/10.1007/s00392-012-0467-8

42. Taylor AL, Ziesche S, Yancy C, et al (2004) Combination of isosorbide
dinitrate and hydralazine in blacks with heart failure. N Engl J Med 351:2049-2057.
https://doi.org/10.1056/NEJMo0a042934

43. McMurray JJV, Packer M, Desai AS, et al (2014) Angiotensin—Neprilysin
Inhibition versus Enalapril in Heart Failure. N Engl J Med 371:993-1004.
https://doi.org/10.1056/NEJMoa1409077

44. Dargad RR, Prajapati MR, Dargad RR, Parekh JD (2018) Sacubitril/valsartan:
A novel angiotensin receptor-neprilysin inhibitor. Indian Heart J 70 Suppl 1:5S102—-
S110. https://doi.org/10.1016/].ihj.2018.01.002

45. (2014) Guide du parcours de soins Insuffisance Cardiaque. Haute Autorité de
Santé

46. U APS (2014) Contents The European Journal of Heart Failure 7 (2005) 363—
369

47. Pitt B, Remme W, Zannad F, et al (2003) Eplerenone, a selective aldosterone
blocker, in patients with left ventricular dysfunction after myocardial infarction. N Engl
J Med 348:1309-1321. https://doi.org/10.1056/NEJMo0a030207

48. Yi Yang, Donna West-Strum Understanding Pharmacoepidemiology, Mc

151



GrawHill Lange

49. Hennessy S (2006) Use of health care databases in pharmacoepidemiology.
Basic Clin Pharmacol Toxicol 98:311-313. https://doi.org/10.1111/j.1742-
7843.2006.pto_368.x

50. Johnson EK, Nelson CP (2013) Utility and Pitfalls in the Use of Administrative
Databases for Outcomes Assessment. J Urol 190:17-18.
https://doi.org/10.1016/j.juro.2013.04.048

51. Bezin J, Duong M, Lassalle R, et al (2017) The national healthcare system
claims databases in France, SNIIRAM and EGB: Powerful tools for
pharmacoepidemiology. Pharmacoepidemiol Drug Saf 26:954-962.
https://doi.org/10.1002/pds.4233

52. Andrade SE, Kahler KH, Frech F, Chan KA (2006) Methods for evaluation of
medication adherence and persistence using automated databases.
Pharmacoepidemiol Drug Saf 15:565-574. https://doi.org/10.1002/pds.1230

53. Gislason GH, Rasmussen JN, Abildstrom SZ, et al (2007) Persistent use of
evidence-based pharmacotherapy in heart failure is associated with improved
outcomes. Circulation 116:737-744.
https://doi.org/10.1161/CIRCULATIONAHA.106.669101

54. Komajda M, Amouyel P, Johnson N, et al (2007) [Treating heart failure with
carvedilol in private practice (initiating treatment and follow-up at one year. The
KEOPS study]. Arch Mal Coeur Vaiss 100:818-826

55. Curtis LH, Mi X, Qualls LG, et al (2013) Transitional adherence and
persistence in the use of aldosterone antagonist therapy in patients with heart failure.
Am Heart J 165:979-986.e1. https://doi.org/10.1016/j.ahj.2013.03.007

56. Tuppin P, Cuerg A, de Peretti C, et al (2013) First hospitalization for heart
failure in France in 2009: Patient characteristics and 30-day follow-up. Arch
Cardiovasc Dis 106:570-585. https://doi.org/10.1016/j.acvd.2013.08.002

57. Logeart D, Isnard R, Resche-Rigon M, et al (2013) Current aspects of the
spectrum of acute heart failure syndromes in a real-life setting: the OFICA study. Eur
J Heart Fail 15:465-476. https://doi.org/10.1093/eurjhf/hfs189

58. Donal E, Lund LH, Oger E, et al (2014) Baseline characteristics of patients
with heart failure and preserved ejection fraction included in the Karolinska Rennes
(KaRen) study. Arch Cardiovasc Dis 107:112-121.
https://doi.org/10.1016/j.acvd.2013.11.002

59. Deschaseaux C, McSharry M, Hudson E, et al (2016) Treatment Initiation
Patterns, Modifications, and Medication Adherence Among Newly Diagnosed Heart
Failure Patients: A Retrospective Claims Database Analysis. J Manag Care Spec
Pharm 22:561-571. https://doi.org/10.18553/jmcp.2016.22.5.561

60. Tsuchihashi-Makaya M, Hamaguchi S, Kinugawa S, et al (2009)
Characteristics and outcomes of hospitalized patients with heart failure and reduced
vs preserved ejection fraction. Report from the Japanese Cardiac Registry of Heart
Failure in Cardiology (JCARE-CARD). Circ J Off J Jpn Circ Soc 73:1893-1900

61. Fonarow GC, Stough WG, Abraham WT, et al (2007) Characteristics,
Treatments, and Outcomes of Patients With Preserved Systolic Function
Hospitalized for Heart Failure: A Report From the OPTIMIZE-HF Registry. J Am Coll
Cardiol 50:768-777. https://doi.org/10.1016/j.jacc.2007.04.064

62. Dimatteo MR (2004) Variations in Patients’ Adherence to Medical
Recommendations: A Quantitative Review of 50 Years of Research. Med Care
42:200-209. https://doi.org/10.1097/01.mIr.0000114908.90348.f9

63. Wal MHL van der, Jaarsma T, Veldhuisen DJ van (2005) Non-compliance in

152



patients with heart failure; how can we manage it? Eur J Heart Fail 7:5-17.
https://doi.org/10.1016/j.ejheart.2004.04.007

64. El-Refai M, Peterson EL, Wells K, et al (2013) Comparison of Beta-Blocker
Effectiveness in Heart Failure Patients With Preserved Ejection Fraction Versus
Those With Reduced Ejection Fraction. J Card Fail 19:73-79.
https://doi.org/10.1016/j.cardfail.2012.11.011

65. Briasoulis A, Palla M, Afonso L (2015) Meta-Analysis of the Effects of
Carvedilol Versus Metoprolol on All-Cause Mortality and Hospitalizations in Patients
With Heart Failure. Am J Cardiol 115:1111-1115.
https://doi.org/10.1016/j.amjcard.2015.01.545

66. Go AS, Yang J, Gurwitz JH, et al (2007) Comparative Effectiveness of Beta-
Adrenergic Antagonists (Atenolol, Metoprolol Tartrate, Carvedilol) on the Risk of
Rehospitalization in Adults With Heart Failure. Am J Cardiol 100:690-696.
https://doi.org/10.1016/j.amjcard.2007.03.084

67. Pasternak B, Svanstrom H, Melbye M, Hviid A (2014) ASsociation of
treatment with carvedilol vs metoprolol succinate and mortality in patients with heart
failure. JAMA Intern Med 174:1597-1604.
https://doi.org/10.1001/jamainternmed.2014.3258

68. Kramer JM, Curtis LH, Dupree CS, et al (2008) Comparative Effectiveness of
B-Blockers in Elderly Patients With Heart Failure. Arch Intern Med 168:2422-2428.
https://doi.org/10.1001/archinternmed.2008.511

69. Shore S, Aggarwal V, Zolty R (2012) Carvedilol or Sustained-Release
Metoprolol for Congestive Heart Failure: A Comparative Effectiveness Analysis. J
Card Fail 18:919-924. https://doi.org/10.1016/j.cardfail.2012.10.016

70. Chitnis AS, Aparasu RR, Chen H, Johnson ML (2012) Comparative
effectiveness of different angiotensin-converting enzyme inhibitors on the risk of
hospitalization in patients with heart failure. J Comp Eff Res 1:195-206.
https://doi.org/10.2217/cer.12.5

71.  Svanstrom H, Pasternak B, Melbye M, Hviid A (2015) Use of different types of
angiotensin converting enzyme inhibitors and mortality in systolic heart failure. Int J
Cardiol 182:90-96. https://doi.org/10.1016/j.ijjcard.2014.12.092

72. Pilote L, Abrahamowicz M, Eisenberg M, et al (2008) Effect of different
angiotensin-converting-enzyme inhibitors on mortality among elderly patients with
congestive heart failure. CMAJ 178:1303—-1311. https://doi.org/10.1503/cmaj.060068
73. Lee KK, Shilane D, Hlatky MA, et al (2013) Effectiveness and Safety of
Spironolactone for Systolic Heart Failure. Am J Cardiol 112:1427-1432.
https://doi.org/10.1016/j.amjcard.2013.06.039

74. Lund LH, Svennblad B, Melhus H, et al (2013) Association of Spironolactone
Use With All-Cause Mortality in Heart Failure A Propensity Scored Cohort Study.
Circ Heart Fail 6:174—-183.
https://doi.org/10.1161/CIRCHEARTFAILURE.112.000115

75. Zannad F, McMurray JJV, Krum H, et al (2011) Eplerenone in Patients with
Systolic Heart Failure and Mild Symptoms. N Engl J Med 364:11-21.
https://doi.org/10.1056/NEJMoa1009492

76.  Seferovic PM, Pelliccia F, Zivkovic I, et al (2015) Mineralocorticoid receptor
antagonists, a class beyond spironolactone — Focus on the special pharmacologic
properties of eplerenone. Int J Cardiol 200:3-7.
https://doi.org/10.1016/j.ijcard.2015.02.096

77.  Ziff OJ, Lane DA, Samra M, et al (2015) Safety and efficacy of digoxin:
systematic review and meta-analysis of observational and controlled trial data. BMJ

153



351:h4451

78.  Strom B, Kimmel S, Hennessy S Pharmacoepidemiology, Fifth

79.  (2019) Guide méthodologique de production des informations relatives a
lactivité médicale et a sa facturation en médecine, chirurgie, obstétrique et
odontologie. ATIH

80. Définition de I'ALD. https://www.ameli.fr/medecin/exercice-liberal/presciption-
prise-charge/situation-patient-ald-affection-longue-duree/definition-ald. Accessed 23
Apr 2019

81. Ezekowitz JA, Bakal JA, Kaul P, et al (2008) Acute heart failure in the
emergency department: Short and long-term outcomes of elderly patients with heart
failure. Eur J Heart Fail 10:308—314. https://doi.org/10.1016/j.ejheart.2008.01.014
82. Kumler T, Gislason GH, Kirk V, et al (2008) Accuracy of a heart failure
diagnosis in administrative registers. Eur J Heart Fail 10:658-660.
https://doi.org/10.1016/j.ejheart.2008.05.006

83. Khand AU, Shaw M, Gemmel |, Cleland JGF (2005) Do discharge codes
underestimate hospitalisation due to heart failure? Validation study of hospital
discharge coding for heart failure. Eur J Heart Fail 7:792-797.
https://doi.org/10.1016/j.ejheart.2005.04.001

84. Ingelsson E, Amnlév J, Sundstrém J, Lind L (2005) The validity of a diagnosis
of heart failure in a hospital discharge register. Eur J Heart Fail 7:787-791.
https://doi.org/10.1016/j.ejheart.2004.12.007

85. Saczynski JS, Andrade SE, Harrold LR, et al (2012) Mini-Sentinel Systematic
Evaluation of Health Outcome of Interest Definitions for Studies Using Administrative
and Claims Data. Pharmacoepidemiol Drug Saf 21: https://doi.org/10.1002/pds.2313
86. Henderson T, Shepheard J, Sundararajan V (2006) Quality of Diagnosis and
Procedure Coding in ICD-10 Administrative Data. Med Care 44:1011-1019

87. Goldberg RJ, Spencer FA, Szklo-Coxe M, et al (2010) Symptom Presentation
in Patients Hospitalized with Acute Heart Failure. Clin Cardiol 33:E73-E80.
https://doi.org/10.1002/clc.20627

88. Chan MMY, Lam CSP (2013) How do patients with heart failure with
preserved ejection fraction die? Eur J Heart Fail 15:604-613.
https://doi.org/10.1093/eurjhf/hft062

89. Orn S, Dickstein K (2002) How do heart failure patients die? D:59-65

90. Donoghoe MW, Gebski V (2017) The importance of censoring in competing
risks analysis of the subdistribution hazard. BMC Med Res Methodol 17:
https://doi.org/10.1186/s12874-017-0327-3

91. Gerber Y, Weston SA, Redfield MM, et al (2015) A contemporary appraisal of
the heart failure epidemic in Olmsted County, Minnesota, 2000 to 2010. JAMA Intern
Med 175:996—1004. https://doi.org/10.1001/jamainternmed.2015.0924

92. Chamberlain RS, Sond J, Mahendraraj K, et al (2018) Determining 30-day
readmission risk for heart failure patients: the Readmission After Heart Failure scale.
Int J Gen Med 11:127-141. https://doi.org/10.2147/IJGM.S150676

93. Ghosh RK, Ball S, Prasad V, Gupta A (2016) Depression in heart failure:
Intricate relationship, pathophysiology and most updated evidence of interventions
from recent clinical studies. Int J Cardiol 224:170-177.
https://doi.org/10.1016/j.ijcard.2016.09.063

94. Jencks SF, Williams MV, Coleman EA (2009) Rehospitalizations among
patients in the Medicare fee-for-service program. N Engl J Med 360:1418-1428.
https://doi.org/10.1056/NEJMsa0803563

95. Zaya M, Phan A, Schwarz ER (2012) Predictors of re-hospitalization in

154



patients  with  chronic  heart failure. World J  Cardiol 4:23-30.
https://doi.org/10.4330/wjc.v4.i2.23

96. Ross JS, Mulvey GK, Stauffer B, et al (2008) Statistical Models and Patient
Predictors of Readmission for Heart Failure: A Systematic Review. Arch Intern Med
168:1371-1386. https://doi.org/10.1001/archinte.168.13.1371

97. O’Connor M, Murtaugh CM, Shah S, et al (2016) Patient Characteristics
Predicting Readmission Among Individuals Hospitalized for Heart Failure. Med Care
Res Rev MCRR 73:3-40. https://doi.org/10.1177/10775587 15595156

98. Farré N, Vela E, Cléries M, et al (2017) Real world heart failure epidemiology
and outcome: A population-based analysis of 88,195 patients. PLoS ONE 12:
https://doi.org/10.1371/journal.pone.0172745

99. Mangini S, Pires PV, Braga FGM, Bacal F (2013) Decompensated heart
failure. Einstein 11:383-391. https://doi.org/10.1590/S1679-45082013000300022
100. Farmakis D, Parissis J, Lekakis J, Filippatos G (2015) Acute heart failure:
Epidemiology, risk factors, and prevention. Rev Espanola Cardiol Engl Ed 68:245—
248. https://doi.org/10.1016/j.rec.2014.11.004

101. Mesquita ET, Jorge AJL, Rabelo LM, Souza Jr CV (2017) Understanding
Hospitalization in Patients with Heart Failure. Int J Cardiovasc Sci 30:81-90.
https://doi.org/10.5935/2359-4802.20160060

102. Members WC, Yancy CW, Jessup M, et al (2016) 2016 ACC/AHA/HFSA
Focused Update on New Pharmacological Therapy for Heart Failure: An Update of
the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Heart Failure Society of America. Circulation 134:e282—
e293. https://doi.org/10.1161/CIR.0000000000000435

103. Gilleron V, Gasnier-Duparc N, Hebbrecht G (2018) Certification des comptes:
Une incitation a la tracabilité des processus de contréle. Revue Hospitaliere de
France 582:6

104. Bosco-Lévy P, Duret S, Picard F, et al (2018) Diagnostic accuracy of the
International Classification of Diseases, Tenth Revision, codes of heart failure in an
administrative database. Pharmacoepidemiol Drug Saf.
https://doi.org/10.1002/pds.4690

105. (2016) Méthodologie générale de la cartographie des pathologies développée
par la CnamTS pour les années 2012-2013-2014. Caisse Nationale d’Assurance
Maladie (CNAM)

106. Brater DC, Day B, Burdette A, Anderson S (1984) Bumetanide and
furosemide in heart failure. Kidney Int 26:183-189

107. Fine JP, Gray RJ (1999) A Proportional Hazards Model for the Subdistribution
of a Competing Risk. J Am Stat Assoc 94:496-509.
https://doi.org/10.1080/01621459.1999.10474144

108. Suissa S (2008) Immortal time bias in pharmaco-epidemiology. Am J
Epidemiol 167:492—499. https://doi.org/10.1093/aje/lkwm324

109. Bello Natalie A., Claggett Brian, Desai Akshay S., et al (2014) Influence of
Previous Heart Failure Hospitalization on Cardiovascular Events in Patients With
Reduced and Preserved Ejection Fraction. Circ Heart Fail 7:590-595.
https://doi.org/10.1161/CIRCHEARTFAILURE.113.001281

110. Rogers Jennifer K., McMurray John J.V., Pocock Stuart J., et al (2012)
Eplerenone in Patients With Systolic Heart Failure and Mild Symptoms. Circulation
126:2317-2323. https://doi.org/10.1161/CIRCULATIONAHA.112.110536

111. Curtis JP, Sokol SI, Wang Y, et al (2003) The association of left ventricular

155



ejection fraction, mortality, and cause of death in stable outpatients with heart failure.
J Am Coll Cardiol 42:736-742

112. Carson PE, Anand IS, Win S, et al (2015) The Hospitalization Burden and
Post-Hospitalization Mortality Risk in Heart Failure With Preserved Ejection Fraction:
Results From the |-PRESERVE Trial (Irbesartan in Heart Failure and Preserved
Ejection Fraction). JACC Heart Fail 3:429-441.
https://doi.org/10.1016/j.jchf.2014.12.017

113. Ambrosy AP, Fonarow GC, Butler J, et al (2014) The Global Health and
Economic Burden of Hospitalizations for Heart Failure: Lessons Learned From
Hospitalized Heart Failure Registries. J Am Coll Cardiol 63:1123-1133.
https://doi.org/10.1016/j.jacc.2013.11.053

114. Gotsman I, Zwas D, Lotan C, Keren A (2012) Heart Failure and Preserved
Left Ventricular Function: Long Term Clinical Outcome. PLOS ONE 7:e41022.
https://doi.org/10.1371/journal.pone.0041022

115. Ather S, Chan W, Bozkurt B, et al (2012) Impact of Noncardiac Comorbidities
on Morbidity and Mortality in a Predominantly Male Population With Heart Failure
and Preserved Versus Reduced Ejection Fraction. J Am Coll Cardiol 59:998-1005.
https://doi.org/10.1016/j.jacc.2011.11.040

116. Tsuchihashi M, Tsutsui H, Kodama K, et al (2001) Medical and
socioenvironmental predictors of hospital readmission in patients with congestive
heart failure. Am Heart J 142:20A—-26A. https://doi.org/10.1067/mhj.2001.117964
117. Tsutsui H, Tsuchihashi M, Takeshita A (2001) Mortality and readmission of
hospitalized patients with congestive heart failure and preserved versus depressed
systolic function. Am J Cardiol 88:530-533. https://doi.org/10.1016/S0002-
9149(01)01732-5

118. Lacny S, Wilson T, Clement F, et al (2018) Kaplan—Meier survival analysis
overestimates cumulative incidence of health-related events in competing risk
settings: a meta-analysis. J Clin Epidemiol 93:25-35.
https://doi.org/10.1016/j.jclinepi.2017.10.006

119. Henkel Danielle M., Redfield Margaret M., Weston Susan A., et al (2008)
Death in Heart Failure. Circ Heart Fail 1:91-97.
https://doi.org/10.1161/CIRCHEARTFAILURE.107.743146

120. Eastwood CA, Howlett JG, King-Shier KM, et al (2014) Determinants of early
readmission after hospitalization for heart failure. Can J Cardiol 30:612-618.
https://doi.org/10.1016/j.cjca.2014.02.017

121. Crespo-Leiro MG, Anker SD, Maggioni AP, et al (2016) European Society of
Cardiology Heart Failure Long-Term Registry (ESC-HF-LT): 1-year follow-up
outcomes and differences across regions. Eur J Heart Fail 18:613-625.
https://doi.org/10.1002/ejhf.566

122. Braunstein JB, Anderson GF, Gerstenblith G, et al (2003) Noncardiac
comorbidity increases preventable hospitalizations and mortality among Medicare
beneficiaries with chronic heart failure. J Am Coll Cardiol 42:1226-1233.
https://doi.org/10.1016/s0735-1097(03)00947-1

123. Masoudi FA, Baillie CA, Wang Y, et al (2005) The Complexity and Cost of
Drug Regimens of Older Patients Hospitalized With Heart Failure in the United
States, 1998-2001. Arch Intern Med 165:2069-2076.
https://doi.org/10.1001/archinte.165.18.2069

124. Goldberg RM, Mabee J, Chan L, Wong S (1996) Drug-drug and drug-disease
interactions in the ED: analysis of a high-risk population. Am J Emerg Med 14:447—
450. https://doi.org/10.1016/S0735-6757(96)90147-3

156



125. Page RL, O’Bryant CL, Cheng D, et al (2016) Drugs That May Cause or
Exacerbate Heart Failure. Circulation CIR.0000000000000426.
https://doi.org/10.1161/CIR.0000000000000426

126. Cullhed | (1965) [HEART FAILURE AFTER PHENYLBUTAZONE
TREATMENT]. Nord Med 74:664-665

127. Arfé A, Scotti L, Varas-Lorenzo C, et al (2016) Non-steroidal anti-inflammatory
drugs and risk of heart failure in four European countries: nested case-control study.
BMJ 354:i4857. https://doi.org/10.1136/bm;.i4857

128. Nissen S (2017) Cardiovascular Safety of Celecoxib, Naproxen, or Ibuprofen
for Arthritis. N Engl J Med 376:1389-1390. https://doi.org/10.1056/NEJMc1702534
129. Herrmann J, Yang EH, lliescu CA, et al (2016) Vascular Toxicities of Cancer
Therapies: The Old and the New--An Evolving Avenue. Circulation 133:1272-1289.
https://doi.org/10.1161/CIRCULATIONAHA.115.018347

130. Members WG, Lloyd-Jones D, Adams RJ, et al (2010) Heart Disease and
Stroke Statistics—2010 Update. Circulation 121:e46—-e215.
https://doi.org/10.1161/CIRCULATIONAHA.109.192667

131. Tamim H, Monfared AAT, LeLorier J (2007) Application of lag-time into
exposure definitions to control for protopathic bias. Pharmacoepidemiol Drug Saf
16:250-258. https://doi.org/10.1002/pds.1360

132. Bannay A, Chaignot C, Blotiere P-O, et al (2016) The Best Use of the
Charlson Comorbidity Index With Electronic Health Care Database to Predict
Mortality. Med Care 54:188-194. https://doi.org/10.1097/MLR.0000000000000471
133. Austin PC (2009) Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score matched samples.
Stat Med 28:3083-3107. https://doi.org/10.1002/sim.3697

134. Sirbu O, Floria M, Dascalita P, et al (2018) Anemia in heart failure - from
guidelines to controversies and challenges. Anatol J Cardiol 20:52-59.
https://doi.org/10.14744/AnatolJCardiol.2018.08634

135. Drozd M, Jankowska EA, Banasiak W, Ponikowski P (2017) Iron Therapy in
Patients with Heart Failure and Iron Deficiency: Review of Iron Preparations for
Practitioners. Am J Cardiovasc Drugs 17:183-201. https://doi.org/10.1007/s40256-
016-0211-2

136. Essebag V, Platt RW, Abrahamowicz M, Pilote L (2005) Comparison of
nested case-control and survival analysis methodologies for analysis of time-
dependent exposure. BMC Med Res Methodol 5:5. https://doi.org/10.1186/1471-
2288-5-5

137. Suissa S (2007) Novel Approaches to Pharmacoepidemiology Study Design
and Statistical Analysis. In: Pharmacoepidemiology. John Wiley & Sons, Ltd, pp
811-829

138. Glossaire | Publication ATIH. https://www.atih.sante.fr/glossaire. Accessed 14
Aug 2019

139. Bui AL, Fonarow GC (2012) Home Monitoring for Heart Failure Management.
J Am Coll Cardiol 59:97-104. https://doi.org/10.1016/j.jacc.2011.09.044

157



APPENDICES

Appendices 1. Publications and communications linked to the thesis

Publications

Salvo F, Bezin J, Bosco-Levy P, et al. Pharmacological treatments of
cardiovascular diseases: Evidence from real-life studies. Pharmacol Res. 2017 Apr
118:43-52.

Bosco-Lévy P, Duret S, Picard F, Dos Santos P, Puymirat E, Gilleron V, Blin P,
Chatellier G, Looten V, Moore N. Diagnostic accuracy of the International
Classification of Diseases, Tenth Revision, codes of heart failure in an administrative
database. Pharmacoepidemiol Drug Saf. 2019 Feb;28(2):194-200.

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C.
Pharmacological treatment patterns in heart failure: a population based cohort study.
Eur. J. Clin. Pharmacol., July 2019, in press.

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C.
Predictors of heart failure decompensation: a population based cohort study.
Submitted to J. Cardiovasc. Pharmacol. Ther., October 2019.

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C. Drugs
associated with heart failure readmission: a nested case-control study. To be
submitted.

Oral communications

Bosco-Lévy P, Duret S, Picard F, et al. Diagnostic accuracy of the international
classification of disease 10th revision codes of heart failure in administrative
database. 29-30 March 2018. Vieme Congrés National Conjoint ADELF / EMOIS

(Montpellier, France).

Bosco-Lévy P, Duret S, Picard F, et al. Diagnostic accuracy of the international
classification of disease 10th revision codes of heart failure in administrative
database, 7 June 2018. 10eme Colloque Données de Santé en vie réelle de
I'AFCRO (Paris, France).

158



Posters

Bosco-Lévy P, Duret S, Picard F, et al. Diagnostic accuracy of the international
classification of disease 10th revision codes of heart failure in administrative
database. 22-26 August 2018. 34th  International @ Conference  on
Pharmacoepidemiology and Therapeutic Risk Management (Prague, République
Tchéque).

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C.
Pharmacological treatment patterns in heart failure: a population based cohort study.
24-28 August 2019. 35th International Conference on Pharmacoepidemiology and
Therapeutic Risk Management (Philadelphie, United States).

Bosco-Lévy P, Favary C, Jové J, Lassalle R, Moore N, Droz-Perroteau C.
Pharmacological treatment patterns in heart failure: a population based cohort study.
31 August-04 September 2019. European Society of Cardiology Congress 2019
(Paris, France).

Others

Bosco- Levy P, Bezin J, Salvo F, and Moore N, « Cardiovascular effects of non-
cardiovascular drugs » in The ESC Textbook of Cardiovascular Medicine, Oxford,
Oxford University Press, 2019, pp. 61-66.

159



Appendice 2. Other publications and communications

Publications

Atallah V, Honore C, Orbach D, Helfre S, Ducassou A, Thomas L, Levitchi MB,
Mervoyer A, Naji S, Dupin C, Bosco-Levy PJ, Philippe-Chomette P, Kantor G,
Henriques de Figueiredo B, Sunyach MP, Sargos P. Role of Adjuvant Radiation
Therapy After Surgery for Abdominal Desmoplastic Small Round Cell Tumors. Int J
Radiat Oncol Biol Phys. 2016 Jul 15;95(4):1244-53

Donneyong MM, Bykov K, Bosco-Levy P, Dong YH, Levin R, Gagne JJ. Risk of
mortality with concomitant use of tamoxifen and selective serotonin reuptake
inhibitors: multi-database cohort study. BMJ. 2016 Sep 30;354:i5014

Grellety T, Cousin S, Letinier L, Bosco-Lévy P, Hoppe S, Joly D, Penel N,
Mathoulin-Pelissier S, Italiano A. PRognostic factor of Early Death In phase Il Trials
or the end of 'sufficient life expectancy' as an inclusion criterion? (PREDIT model).
BMC Cancer. 2016 Oct 4;16(1):768

Bosco-Lévy P, Jové J, Robinson P, Moore N, Fourrier-Réglat A, Bezin J.
Persistence to 5-year hormonal breast cancer therapy: a French national population-
based study. Br J Cancer. 2016 Oct 11;115(8):912-919. doi: 10.1038/bjc.2016.276.

Bosco-Lévy P, Salvo F. Warfarin with sulfonylureas and hypoglycemic events:
consider dose, length of treatment, and all sulfonylureas. BMJ. 2016 Aug
5;354:14328.

Bezin J, Bosco-Levy P, Pariente A. Pharmacoepidemiology: how to assess
medicines in real-life setting? La Revue du Praticien. 2017 Jun;67(6):657-660.

Bezin J, Bosco-Levy P, Pariente A. False-positive results in pharmacoepidemiology
and pharmacovigilance. Therapie. 2017 Sep;72(4):415-420.

Rousset M, Dutriaux C, Bosco-Lévy P et al. Trough dabrafenib plasma
concentrations can predict occurrence of adverse events requiring dose reduction in
metastatic melanoma. Clin Chim Acta. 2017 Jul 12;472:26-29.

Bosco-Lévy P, de Boissieu P, Gouverneur A, et al. National trends in use and costs
of oral anticancer drugs in France: An 8-year population-based study.
Pharmacoepidemiol Drug Saf. 2017 Oct;26(10):1233-1241.

160



Gouverneur A, Bezin J, Jové J, Bosco-Lévy P, Fourrier-Réglat A, Noize P.
Treatment Modalities and Survival in Older Adults with Metastatic Colorectal Cancer
in Real Life. J Am Geriatr Soc. 2019 May;67(5):913-919.

Bosco-Lévy P, Gouverneur A, Langlade C, Miremont G, Pariente A. Safety of
levonorgestrel 52 mg intrauterine system compared to copper intrauterine device: a
population-based cohort study. Contraception. 2019 Jun;99(6):345-349.

Langlade C, Gouverneur A, Bosco-Lévy P, Gouraud A, Pérault-Pochat MC, Béné J,
Miremont-Salamé G, Pariente A; French Network of Pharmacovigilance Centres.
Adverse events reported for Mirena levonorgestrel-releasing intrauterine device in
France and impact of media coverage. Br J Clin Pharmacol. 2019 Sep;85(9):2126-
2133.

Bosco-Levy P, Grelaud A, Blin P, Astruc B, Falissard B, Llorca P-M, Bernard M-A,
Lassalle R, Moore N, Droz-Perroteau C, Description of Treatment Resistant
Depression in France, from the French nationwide claims database.
Pharmacoepidemiol Drug Saf. 2019 July. Under review

Rousselot N, Joseph J-P, Noize P, Berdai D, Fourrier-Réglat A, Bosco-Levy P,
Drug changes after elderly patients’ hospital discharge: an ambulatory cohort study.
Br J Gen Pract. in proofread by coautors

Oral communications

Bosco-Levy P, Gouverneur A, Langlade C, Miremont G, Pariente A, Safety of
Mirena® levonorgestrel intrauterine device compared to copper intrauterine device:
results from a population-based cohort study, 12-14 June 2018. Congrés SFPT 2018
(Société Frangaise de Pharmacologie et Thérapeutique) (Toulouse, France).

Posters

de Boissieu P, Bezin J, Fourrier-Réglat A, Bosco-Levy P, Oral anticancer drugs use
in France: a population-based study. 24-28 August 2016. 32° International
Conference on Pharmacoepidemiology and Therapeutic Risk Management (Dublin,
Ireland).

161



Bosco-Levy P, Prince C, Noize P, Berdai Driss Medication knowledge in patients
with hypertension and mellitus diabetes 26-30 August 2017. 33 International
Conference on Pharmacoepidemiology and Therapeutic Risk Management

(Montreal, Canada).

Blin P, Lasalle R, Thurin N, Bosco-Levy P, Droz-Perroteau C, Moore N, SNDS, the
French nationwide claims database: a powerful tool for pharmacoeconomy and
pharmacoepidemiology, 10-14 November 2018. ISPOR 21st annual european
congress (Barcelone, Espagne)

Bosco-Levy P, Gouverneur A, Langlade C, Miremont G, Pariente A, Safety of
Mirena® levonorgestrel intrauterine device compared to copper intrauterine device:
results from a population-based cohort study, 22-26 August 2017. 34" International
Conference on Pharmacoepidemiology and Therapeutic Risk Management (Prague,
République Tchéque).

Langlade C, Gouverneur A, Bosco-Lévy P, Gouraud A, Pérault-Pochat M-C, Béné
J, Miremont-Salamé G, Pariente A and the French Network of Pharmacovigilance
Centres, Adverse events reported for levonorgestrel-releasing IUD Mirena® in
France and impact of media coverage, 22-26 August 2017. 34" International
Conference on Pharmacoepidemiology and Therapeutic Risk Management (Prague,
République Tchéque).

Langlade C, Gouverneur A, Bosco-Lévy P, Gouraud A, Pérault-Pochat M-C, Béné
J, Miremont-Salamé G, Pariente A and the French Network of Pharmacovigilance
Centres, Adverse events reported for levonorgestrel-releasing IUD Mirena® in
France and impact of media coverage, 12-14 June 2018. Congrés SFPT 2018
(Société Frangaise de Pharmacologie et Thérapeutique) (Toulouse, France)

Bosco-Levy P, Grelaud A, Blin P, Astruc B, Falissard B, Llorca P-M, Bernard M-A,
Lassalle R, Moore N, Droz-Perroteau C, Description of Treatment Resistant
Depression in France, from the French nationwide claims database. 24-28 August
2019. 35th International Conference on Pharmacoepidemiology and Therapeutic

Risk Management (Philadelphie, United States).

162



Bosco-Levy P, Grelaud A, Blin P, Astruc B, Falissard B, Llorca P-M, Bernard M-A,
Lassalle R, Moore N, Droz-Perroteau C, Description of Treatment Resistant
Depression in France, from the French nationwide claims database. 18 June 2019.

11éme Colloque Données de Santé en vie réelle de 'AFCRO (Paris, France).

163



