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Renal dysfunction in heart failure

Alt for a finne det sannes mysterium,
- det er den ekte forskers kriterium.

Henrik Ibsen, Peer Gynt (1867)
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ABSTRACT

Background

Kidney disease is common in heart failure (HF) and has been found to be associated with
worse outcomes. The impact of different degrees of chronic kidney disease (CKD) in HF, as
well as the link to, and impact of CKD in HF with reduced (HFrEF), the newly defined mid-
range (HFmrEF) and preserved ejection fraction (HFpEF) have been uncertain. Studies of
worsening renal function (WRF) in the various EF groups are lacking. HF treatment of
HFrEF is well defined, while we lack knowledge of the effect of heart failure treatment in
HFpEF, HFmrEF and in patients with HF and CKD.

Aims
1. To examine prevalence and prognostic impact of different degrees of kidney dysfunction in
unselected HF patients.

2. To perform a comprehensive comparison of CKD in HF with HFpEF, HFmrEF and HFrEF
with regards to prevalence, clinical correlates and prognosis.

3. To examine the risk for and impact of WRF in HFpEF, HFmrEF and HFrEF.

4. To analyze the association between mineralocorticoid receptor antagonist (MRA)
treatment and outcome in patients with myocardial infarction (MI) and HF in relation to EF
groups and CKD.

Prevalence and prognostic impact of kidney disease in heart failure

We studied 47,716 patients in the Swedish Heart Failure Registry (SwedeHF) 2000-2013.
Patients were divided into five renal function strata based on estimated glomerular filtration
rate (eGFR). 51% of the patients had eGFR < 60 ml/min/1.73 m2 and 11% had eGFR < 30
ml/min/1.73 m2. The mortality risk increased with decreasing eGFR and persisted after
adjusting for differences in baseline characteristics, severity of heart disease and medical
treatment.

Associations with and prognostic impact of CKD in HFpEF, HFmrEF and HFrEF

Of 40,230 patients with measured EF in SwedeHF, 22% had HFpEF, 21% had HFmrEF, and
57% had HFrEF, with a CKD prevalence of 56%, 48%, and 45%, respectively. Associations
between covariates and CKD were similar in all EF groups. There was higher mortality in all
EF groups in patients with CKD. After adjustment, CKD was more strongly associated with
death in HFrEF and HFmrEF than in HFpEF.

WREF in different EF categories

After merging the SwedeHF registry with the laboratory data in Stockholm Creatinine
Measurement (SCREAM) database, 7,154 patients in Stockholm between 2006-2010 were
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studied. After discharge, the risk for WRF was higher in HFpEF than in HFmrEF and HFrEF.
Variables related to more severe HF were predictive of WRF. WRF within year one after the
index-HF event was strongly associated with long-term mortality, but in HFpEF only with the
most severe WRF.

Outcome in M1 patients with HF with or without MRA treatment

Patients with M1 and HF registered in the Swedish national myocardial infarction registry,
SWEDEHEART, between 2005-2014, were studied. Of 45,071 patients with MI and HF,
10% were treated with MRA. Patients with reduced EF < 40% were more often treated with
MRA compared to mid-range EF 40-49% and normal EF > 50%. Of patients with CKD, 9%
received MRA. After adjustment, MRA use was associated with a lower mortality in patients
with EF < 40% but not with EF > 50% while the association between MRA use and outcome
was similar regardless of presence or not of CKD.

Conclusions

In unselected HF patients, half of the patients have at least moderate renal dysfunction. There
is a strong graded association between renal dysfunction and both short- and long-term
outcome. CKD is slightly more common in patients with HFpEF but is associated with
similar covariates regardless of EF. CKD is strongly associated with mortality regardless of
EF group, although less strongly in HFpEF than in HFmrEF and HFrEF. The long-term risk
of WRF is high in HF and especially in HFpEF. WRF within one year of discharge is a strong
negative prognostic factor in all EF groups during long term follow-up, although in HFpEF
only in those with the most severe WRF. In patients with MI and HF, MRA treatment is
associated with better long-term survival in patients with reduced but not with preserved EF,
while the association between MRA use and outcome seems to be similar regardless of
presence or not of CKD.
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SAMMANFATTNING

Bakgrund

Nedsatt njurfunktion &r vanligt vid hjéartsvikt och har visat sig vara en negativ prognostisk
faktor. Betydelsen av olika grader av sankt njurfunktion vid hjértsvikt samt sambandet mellan
och betydelsen av njursvikt vid hjartsvikt med sénkt (HFrEF), latt sankt (HFmrEF) och
bevarad ejektionsfraktion (HFpEF) ar okéant. Studier av forsamring av njurfunktionen 6ver tid
(WRF) i de olika EF grupperna saknas. Hjartsviktsbehandling vid HFrEF ar vél studerad,
medan vi saknar kunskap om hjartsviktsbehandling vid HFpEF och HFmrEF och vid
hjartsvikt med samtidig njursvikt.

Syfte

1. Att undersdka forekomsten och prognostisk betydelse av olika grader av nedsatt
njurfunktion hos oselekterade hjartsviktspatienter.

2. Att gora en jamforelse av njursvikt vid HFpEF, HFmrEF och HFrEF avseende férekomst,
kliniska samband och prognostisk betydelse.

3. Att undersdka forekomst av och den prognostiska betydelsen av WRF vid HFpEF,
HFmrEF och HFrEF.

4. Att undersoka associationen mellan behandling med mineralkortikoidreceptorantagonister
(MRA) och utfall hos patienter med hjartinfarkt och hjértsvikt i relation till EF grupp och
forekomst av njursvikt.

Prevalens och prognostisk betydelse av njursvikt vid hjartsvikt

Vi studerade 47 716 patients i det Svenska Hjéartsviktsregistret (Riks-Svikt) 2000-2013.
Patienterna blev indelade i fem njurfunktionsgrupper baserat pa estimerat glomerular
filtrationshastighet (eGFR). 51 % av patienterna hade minst mattlig njurfunktionsnedsattning
(eGFR < 60 ml/min/1.73 m2) och 11 % hade minst avancerat nedsatt njurfunktion (eGFR <
30 ml/min/1.73 m2). Mortalitetsrisken 6kade med sjunkande eGFR och kvarstod efter
justering for skillnader i bakgrundsvariablerna, svarighetsgraden av hjartsjukdomen och
medicinsk behandling.

Associationer med och prognostisk betydelse av njursvikt vid HFpEF, HFmrEF och
HFrEF

Av 40 230 patienter i Riks-Svikt hade 22% HFpEF , 21% HFmrEF och 57% HFrEF med en
prevalens av njursvikt pa 56%, 48%, and 45%. Det var liknande associationer mellan
bakgrundsvariablerna och njursvikt i alla EF grupperna. Det var en hogre mortalitet hos
patienterna med njursvikt. Efter justering var njursvikt starkare associerat med ddd och
predicerade dod starkare vid HFrEF och HFmrEF &n vid HFpEF.
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Forsdmring av njurfunktion éver tid vid olika EF kategorier

Efter samkorning av Riks-Svikt med data fran Stockholm Creatinine Measurement
(SCREAM) databasen, studerades 7154 patienter i Stockholm fran aren 2006-2010. Risken
for WRF var hogst hos patienterna med HFpEF. Faktorer relaterade till svar hjartsvikt var
ocksa relaterade till WRF. WRF under det forsta aret var starkt associerat med mortalitet Gver
lang tid, dock vid HFpEF var det enbart vid svarare WRF.

Patienter med hjartinfarkt och hjartsvikt med och utan behandling med MRA

Patienter med hjartinfarkt och hjartsvikt registrerade i det Svenska Hjartinfarktsregistret
(SWEDEHEART), 2005-2014 studerades. Av 45 071 patienter med hjartinfarkt och
hjartsvikt behandlades 10% med MRA. Patienter med sénkt EF < 40% hade oftare MRA
behandling jamfort med patienter med EF 40-49% och bevarad EF > 50%. Awv patienterna
med njursvikt fick 9% MRA behandling. Efter justering var MRA behandling associerat med
lagre dodlighet hos patienter med EF < 40% och EF 40-49% men inte vid EF > 50% medan
risken for dod med MRA behandling var oférandrad oberoende av férekomst av njursvikt.

Slutsatser

Halften av alla oselekterade hjartsviktspatienter har minst mattligt nedsatt njurfunktion. Sankt
njurfunktion har en graderad association med prognosen pa kort och lang sikt. Njursvikt ar
nagot mera vanligt vid HFpEF, men &r associerat med samma variabler oberoende av EF
grupp. Njursvikt ar starkt associerat med mortalitet i alla EF grupper, men har en mindre
stark prognostisk betydelse vid HFpEF &n vid HFmrEF och HFrEF. Det ar en hog risk for
forsdmring av njurfunktionen over tid vid hjartsvikt, sérskilt vid HFpEF. WRF under forsta
aret efter en hjartsviktshandelse ar en stark negativ prognostisk faktor, dock vid HFpEF
enbart vid svarare WRF. Hos patienter med hjartinfarkt och hjartsvikt ar MRA behandling
associerat med forbattrad Overlevnad vid sénkt men inte vid bevarad EF. Oberoende av
forekomst av njursvikt sa ser associationen mellan MRA behandling och dddlighet ut att vara
oftrandrad.
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LIST OF ABBREVIATIONS

ACEI angiotensin converting enzyme inhibitors
AHF acute heart failure

AKI acute kidney injury

ARB angiotensin receptor blockers

CHF chronic heart failure

CKD chronic kidney disease

CKD-EPI the Chronic Kidney Disease Epidemiology Collaboration
COPD chronic obstructive pulmonary disease

CRS cardiorenal syndrome

CVP central venous pressure

eGFR estimated glomerular filtration rate

HF heart failure

HFmrEF heart failure with mid-range ejection fraction
HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction
IHD ischemic heart disease

LVEF left ventricular ejection fraction

MI myocardial infarction

MRA mineralocorticoid receptor antagonists
NYHA New York Heart Association

RAAS renin-angiotensin-aldosterone system
sSMDRD simplified Modification of Diet in Renal Disease
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SWEDEHEART the Swedish Web-System for Enhancement and Development
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According to Recommended Therapies

SwedeHF the Swedish heart failure register

WRF worsening renal function
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INTRODUCTION

Background

Heart failure (HF) and kidney disease are common diseases that often appear concomitantly
and may lead to one another (1). The prevalence of these conditions is increasing due to a
population with increasing age and comorbidities and improved treatment of acute
myocardial infarction (MI) (2). Both HF and kidney disease have a severe impact on the
patients’ prognosis and patients with severe failure in both organs have the shortest lifespan
(3). It is still a challenge to understand the complexity of these syndromes and how to
optimally treat these patients that historically have been excluded from clinical trials (4).

Prevalence of kidney failure in heart failure

There is a high prevalence of kidney dysfunction among patients hospitalized for acute heart
failure (AHF) varying from 30 % to 70 % depending on the definition of kidney disease (5-
8). Patients with HF that are not hospitalized tend to have a lower prevalence of chronic
kidney disease (CKD) (6). Many previous studies of kidney function in HF patients have
been limited by inclusion of highly selected randomized controlled trial patients or small
sample sizes (9, 10). In studies I-111 kidney dysfunction and worsening renal function (WRF)
are studied in unselected HF patients that we encounter in daily clinical practice.

The Cardiorenal syndrome

In 1931 an article was published describing increased venous pressure and the association
with impaired renal blood flow in dogs (11). During the subsequent years the heart and
kidney function were reported to be connected by hemodynamic factors (12). The
concomitant syndrome of HF and kidney disease was defined as the cardiorenal syndrome
(CRS) in 2008 by Ronco and his colleagues as a mean for future studies (13). The cardiorenal
syndrome describes how the heart and kidney are closely linked together by hemodynamics,
neurohormones and the sympathetic nervous system (14) (Figure 1).

CRS type 1 was defined as acute heart failure leading to acute kidney injury ( AKI) caused by
hemodynamic changes with forward and backward failure, sympathetic nervous system
activation, neurohormonal activation with renin-angiotensin-aldosterone system (RAAS)
activation, hypothalamic-pituitary stress reaction, inflammation and immune cell signaling,
systemic endotoxemic exposure from the gut and infections and iatrogenesis (15). High
central venous pressure (CVP) has since long been known to affect the kidneys (11) and renal
venous congestion is believed to be the most important hemodynamic factor driving WRF in
patients with HF (16). It has also been found that increased intra-abdominal pressure is
common in acute decompensated HF and is associated with impaired kidney function (17).
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Figure 1

The cardio-renal syndrome
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Eur Heart J. 2012
Reproduced with permission from Oxford University Press

CRS type 2 includes progressive CKD resulting from chronic heart failure (CHF), with many
of the same mechanisms as in CRS 1 where multiple episodes of decompensation contribute
to progress of both HF and CKD (18). The neurohormonal activation plays an important part
in CRS, where Angiotensin Il, a potent stimulator of the sympathetic nervous system,
increases systemic vascular resistance, venous tone, sodium reabsorption and congestion and
has a trophic effect on cardiomyocytes and renal tubular cells leading to cellular hypertrophy,
apoptosis and fibrosis (19). Aldosterone promotes inflammation and fibrosis in the heart and
kidney (20) and activation of the sympathetic system leads to HF progression as adrenergic
receptors in the kidney increase sodium reabsorption and further RAAS stimulation (21).
Inflammatory activation with increase of cytokines and endothelial activation in HF may also
affect the kidneys (22, 23). Diuretic resistance which may lead to further deterioration of
heart and kidney function by increased congestion, has recently been shown to be caused
primarily by tubular resistance (24).

CRS type 3 is where an episode of AKI precipitates and contributes to the development of HF
by inflammatory mediators, oxidative stress, apoptosis and activation of neuroendocrine
systems combined with volume overload, metabolic acidosis, retention of uremic toxins,
hyperkalemia and hypocalcemia (25). Experimental data implies that cardiac injury may be
induced partly by cytokines in AKI (26).

CRS 4 is defined as primary CKD leading to a chronic impairment of cardiac function, with

ventricular hypertrophy, diastolic dysfunction, and/or increased risk of adverse cardiovascular

events (27). In CRS 4 comorbidities, volume overload, uremia, inflammation, malnutrition,
2
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calcium-phosphate abnormality, neurohormonal activation, oxidative stress and endothelial
dysfunction play a role in the pathogenesis.

Finally CRS type 5 is defined as concomitant cardiac and renal dysfunction in the setting of
different systemic disorders. Here one small study has suggested a possible relationship
between endotoxin levels and renal cell death in septic patients (28). Although the CRS types
represent a thorough theoretical model, it has its limitation regarding pathophysiologic and
subclinical parallel changes. The bidirectional simultaneous relationship between the heart
and kidney is complex and there is still limited understanding of the pathophysiologic link
between renal dysfunction and HF. The relation to CKD may even be different in HF with
preserved (HFpEF) and reduced ejection fraction (HFrEF) (29). In study 111 we examine the
association between different types of HF with subsequent WRF.

Definition and diagnosis of kidney disease

Measurement of creatinine is the easiest way to diagnose kidney disease. Creatinine is
affected by age, muscle mass and hydration which is why estimated glomerular filtration rate
(eGFR) is a more reliable measure. In earlier large studies of HF and CKD, the diagnosis of
kidney disease were defined by a certain level of creatinine or were mainly based on
diagnostic codes (8, 30, 31) and there were a lack of studies of non-selected contemporary HF
populations looking at different eGFR groups.

Both the simplified Modification of Diet in Renal Disease (SMDRD) and The Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) take into account age and sex, but
CKD-EPI has been shown to be the most accurate method of estimating glomerular filtration
rate in HF (32). When studying kidney dysfunction the patients can be divided in five kidney
function categories by using the criteria from the National Kidney Foundation, Kidney
Disease Improving Global Outcomes (KDIGO) with normal (GFR > 90 ml/min/1.73 m2),
mildly decreased (GFR 60-89 ml/min/1.73 m2), moderately decreased (GFR 30 — 59
ml/min/1.73 m2), severely decreased GFR (GFR 15 — 29 ml/min/1.73 m2), and kidney failure
(GFR < 15 ml/min/1.73 m2).

According to the KDIGO guidelines, CKD is defined as abnormalities present for over 3
months of kidney structure or function and the classification is also based on cause and
amount of albuminuria (33) ( Figure 2). However, CKD is most often defined as eGFR < 60
ml/min/1.73m2 which has been found to be associated with increased mortality (34). In study
I we study the prevalence of the different eGFR strata in HF and their impact on prognosis
while in study 11 we study the prevalence of CKD in the different EF groups.
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Figure 2
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Biomarkers for kidney dysfunction in HF

Biomarkers associated with CKD have also been found to predict prognosis in patients with
HF illustrating the close relationship between the heart and kidney function.

In clinical practice Cystatine C, an endogenous cysteine proteinase inhibitor produced by
nucleated cells, is well established as a biomarker for kidney dysfunction and is particularly
well studied in AHF and is associated with prognosis (35, 36).

Urea increase in both CKD and HF by low eGFR, hemodynamics, cachexia and muscular
atrophy and has been found to be a strong predictor of mortality (37).

Plasma levels of natriuretic peptides reflect atrial and ventricular filling pressures and
increase therefore in decongested HF patients and in CKD because of fluid retention and
reduced renal elimination (38, 39). NT-proBNP has been found to predict hospitalization and
mortality and reduction of NT-proBNP is associated with reduced risk for hospital stay for
HF worsening (40, 41).

Biomarkers predictive of renal dysfunction have also been found to be predictive of new HF.
Albuminuria has in population studies been found to predict HF (42, 43). Albuminuria is also
observed in patients with HF and is thought to be secondary to glomerular and tubular
damage in HF, reflecting the cardio renal connection (44) and has been shown to be a strong

4
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independent risk factor alongside eGFR in HF (45). We have sparse knowledge of the link
between CKD and the development of HF in the different EF groups with their different
pathogenesis and phenotypes. In one recent study of 4 large community based cohorts,
biomarkers of renal dysfunction, endothelial dysfunction and inflammation were associated
with incident HFrEF while only natriuretic peptides and urinary albumin to creatinine ratio
were associated with HFpEF (46).

Comorbidities in HF and CRS

Comorbidities are frequent in HF, they may be the cause of both HF and CKD and they may
also be a result of CRS as in hypertension and anemia. Anemia and impaired iron metabolism
are important in CRS (47) and may have a negative impact on both hemodynamics and
endothelial function (48). Arteriosclerotic disease may lead to an acceleration of CRS, being
a common cause of both HF and CKD while CKD is a known risk factor for arteriosclerotic
disease (49, 50).

In an analysis of the European Heart Failure Pilot survey, which included 3,226 patients, the
majority had a least one comorbidity, the most prevalent being CKD, anemia, and diabetes
(51). Results showed that comorbidities were independently associated with higher age,
higher NYHA class, ischemic etiology of HF, higher heart rate, history of hypertension and
AF and that only diabetes, CKD, and anemia were associated with a higher risk of mortality
and hospitalization. In the ADHERE database the frequency of common risk factors for renal
dysfunction, such as hypertension and diabetes increased when GFR decreased and clinical
atherosclerosis, as manifested by coronary artery disease or peripheral vascular disease was
more common with WRF (7). However there has been a lack of understanding of
comorbidities over the spectrum of CKD classes and in the different EF groups. In study |
we study the impact of renal dysfunction in relation to the various comorbidities and in study
Il we study the factors associated to CKD in different EF groups.

CKD and EF categories
HF with reduced EF

Most studies have described CKD and WRF in HFrEF (5, 52, 53). The presence of CKD has
been found to be independent of EF, as in a retrospective analysis of the Studies of Left
Ventricular Dysfunction (SOLVD) where the patients with CKD had more advanced
symptoms measured by NYHA class but there was no significant difference in average left
ventricular ejection fraction (LVEF) between those with and without CKD (9).

HF with preserved EF

Earlier studies have often not differentiated between HFpEF and HFrEF (2) and have
included highly selected patients where CKD has been examined only as part of a general
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comorbidity burden (54). When studied, HFpEF was earlier variably defined as EF > 40-
55% (55, 56). HFpEF is a heterogeneous syndrome that has been poorly understood.
Compared to HFrEF which has an extensive evidence based treatment algorithm, HFpEF has
to date no evidence based treatment (57). Patients with HFpEF are frequently female and
older and seem to have more comorbidities than patients with HFrEF (58, 59). In a Swedish-
French study of 539 HFpEF patients, the comorbidities in HFpEF included hypertension
(78%), atrial fibrillation/flutter (65%), anaemia (51%), renal dysfunction (46%), CAD (33%),
diabetes (30%), lung disease (25%), and cancer (16%) (60). It is still unclear whether HFpEF
is a separate syndrome dominated by diastolic dysfunction or primarily a manifestation of age
and age-related co-morbidities, obesity, and deconditioning. A paradigm was presented in
2013, where the pathogenesis of HFpEF in contrast to HFrEF was thought to be driven by
comorbidities (61) (Figure 3). The link to CKD is still uncertain, CKD in HFpEF may also be
a reflection of higher age and comorbidity or it may evolve independently. HFpEF on the
other hand seem to be involved in progressive kidney dysfunction by several mechanisms.
HFpEF is thought to be associated with endothelial dysfunction (62) and inflammation (63)
and has a high proportion of right ventricular dysfunction, all leading to CKD with a possible
bidirectional effect (64) (Figure 4).

Figure 3

Myocardial Remodeling in HFPEF and HFREF
HFPEF HFREF
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In HFPEF, myocardial dysfunction and remodeling are driven by endothelial oxidative
stress. In HFREF, oxidative stress originates in the cardiomyocytes. In advanced HFREF,
both mechanisms get superimposed.
Paulus et al, A novel paradigm for preserved ejection fraction, JACC 2013.

6 Reproduced with permission from Elsevier
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Figure 4 Proposed relationship between renal dysfunction and HFpEF
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The direction of causality may prove to be in the opposite direction and most probably will be
bidirectional. IL-6, interleukin-6; TNFa, tumor necrosis factor-a; sST2, soluble ST2; ROS, reactive
oxygen species; NO, nitric oxide; cGMP, cyclic guanosine monophosphate; PKG, protein kinase
G; TGFB, transforming growth factor-3.

Ter Maaten Eur J Heart Fail 2016 Reproduced with permission from Wiley.

HF with mid-range EF

According to earlier guidelines, patients with an EF in the range 35-50% had probably
primarily mild systolic dysfunction with no clear recommendations regarding treatment (65).
HF with mid-range ejection fraction (HFmMrEF) has increasingly been viewed as a separate
category (56, 66, 67) and was defined as a distinct EF 40-49% phenotype in particular need
of further study in the European Society of Cardiology Heart Failure Guidelines of 2016 (57).

We had previously very little knowledge of this middle group, if it was a separate entity or
merely part of a continuum between HFrEF and HFpEF. The link with CKD was poorly
understood and there were no studies comparing HFpEF, HFmrEF and HFrEF with regard to
CKD.

In study 11 and 111 we examine CKD and WRF in the different EF groups.
Worsening renal function

Decreasing GFR is frequent in HF. In the general population renal function usually declines
by 0.5-1.0 ml/min/1.73m2 per year, while in chronic HF, GFR has been found to decrease 2-3
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times faster (68, 69). During acute hospitalization for HF, renal function may deteriorate
substantially faster which has been found to be an important risk factor (70).

The definition of WRF varies between different studies and publications, and is usually
defined as either 26.5 umol/l (0.3 mg/dl) increase in creatinine or 20-25% increase in eGFR
from baseline (70). In nephrology decreasing renal function is referred to as AKI, but here
both the time aspect of increase in creatinine, either within 48 hours or within 1-7 days, and
the urinary production is taken into consideration (71).

WRF occurs frequently among hospitalized patients. In one study of 1,004 patients
hospitalized with HF, WRF developed in 27% of the cases and several studies have shown
increased mortality risk in HF patients with WRF (72, 73).

Patients hospitalized with AHF and transient WRF have been found to have similar prognosis
as patients with preserved kidney function while patients with persistent WRF have a worse
prognosis (74). As patients with transient WRF have signs of hemoconcentration, transient
WRF seems to primarily be caused by decongestion by diuretics and may not represent
kidney damage (75). On the other hand WRF in combination with congestion has sinister
prognosis, as shown in the study of Metra et al. where HF patients with WRF and congestion
had more than doubled risk for death compared to the patients with WRF and no congestion
(76).

Prior HF, diabetes, baseline creatinine, high systolic blood pressure and anemia have earlier
been found to be predictors of in-hospital WRF (72, 77). There is little knowledge of WRF
and its predictors after discharge and in patients with CHF. WRF after discharge has mostly
been examined in the early phase after discharge and has been found to be a stronger
predictor for outcome than in-hospital WRF (77). One small study noted that WRF at 1 year
after discharge was associated with increased long term mortality during a mean follow-up at
35 months (78). Another study of 1,216 patients with CHF found that 13 % of the patients
developed WRF during the following 6 months, and the predictors for WRF included thiazide
diuretics, vascular disease and baseline urea (79).

To date there have been no studies of WRF after discharge comparing WRF in the different
EF categories in an unselected HF population. In study 111, we analyze the risk for long-term
WRF and prognostic impact of WRF in patients in HFpEF, HFmrEF and HFrEF.

Prognosis

Despite all modern treatment, mortality remains high (80). Most previous studies examined

short-term prognosis in both HFrEF and HFpEF, whereas data on long-term follow-up has

been lacking (7, 81, 82). The comorbidity burden and increasing age contribute to the poor

prognosis in HF (83). There are many variables that predict both hospitalization and mortality

(84, 85), and CKD has been found to be an important independent risk factor (86). In a study
8
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of Hillege et al in 2000, it was found that patients with advanced HF and with moderate to
severely decreased eGFR had almost three times the mortality risk as patients with mildly
decreased eGFR (87). The high mortality risk may be due to several factors. High CVVP which
is common in CRS has been shown to be associated with mortality (16). In CKD there are
numerous factors associated to increased cardiovascular risk including hypertension,
increased filling pressures, inflammation, oxidative stress, increased lipid levels, acidosis,
deranged calcium-phosphate balance and anemia (49).

Although there is a known increased mortality risk with CKD in HF, earlier studies had
divergent findings concerning the importance of CKD in HFpEF compared to HFrEF (5, 88,
89). Regarding CKD and prognosis in HFmrEF, there was no data. In study 11 we study the
different EF groups and analyze the impact on prognosis of CKD in the different EF
categories.

Treatment of HF patients with CKD
RAAS blockers and beta blockers

Patients with low eGFR are less often treated with guidelines recommended heart failure
treatment, because of fear of or proven deterioration of the kidney function. Caution is
recommended when treating patients with severely depressed kidney function and these
patients have systematically been excluded from randomized clinical trials (57).

However, in a cohort of 754 patients, Angiotensin converting enzyme inhibitors (ACEi) and
beta blockers were associated with similar reductions in mortality in patients with and
without renal insufficiency (53). In a sub-analysis of the Valsartan in Heart Failure Trial
(Val-Heft), the effect of valsartan on mortality did not differ in patients with and without
CKD (90). Even subgroup analyses from the Heart Outcomes Prevention Evaluation (HOPE)
and the Cardiac Insufficiency Bisoprolol Study I (CIBIS 1) trial confirmed that ramipril and
bisoprolol were equally efficacious and safe in patients with and without mild to moderate
renal insufficiency (91, 92). Treatment with RAAS blockade may lead to increase in
creatinine and WRF by dilation of the efferent arteriole and reduced glomerular perfusion
(93). In HFrEF, the potential negative impact of WRF has been shown to be balanced by the
beneficial effect of the RAAS blockade, in contrast to HFpEF where WRF has been
associated with increased risk for HF hospitalization and death without any demonstrable
survival benefit from RAAS blockade (94-96).

Mineralocortocoid receptor antagonists

As aldosterone promotes inflammation and fibrosis, mineralocortocoid receptor antagonists
(MRA) is a hypothetically appealing treatment especially in HFpEF where inflammation and
hypertension is common (97).
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Aldosterone regulates sodium and potassium homeostasis but can also initiate an
inflammatory response causing fibrosis of the heart, vessels and kidneys (97). The
aldosterone receptor antagonists spironolactone and eplerenone have been shown to reduce
morbidity and mortality among patients with HFrEF and among patients with acute Ml
complicated by left ventricular dysfunction and HF (98, 99). Inflammation and fibrosis are
believed to be part of the pathogenesis of HFpEF (61), which is why MRA may represent a
possible treatment directly affecting the progress of the disease. Although the Treatment of
Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) study
of aldosterone blockade in HFpEF did not show any positive effects on outcome, post-hoc
regional analyses indicate beneficial effects in the American patients (100, 101). When
treating patients with CKD there is a risk of WRF and hyperkalemia, although a sub-analysis
of the eplerenone treatment study of patients with HF in NYHA class Il showed that
eplerenone still had survival benefit (102).

There has been a lack of studies of treatment with MRA in unselected patients with HF and
CKD in real life and we have little knowledge of MRA treatment in patients with HFpEF and
HFmrEF. In study IV we examine the impact of MRA treatment in patients with Ml and HF,
in different EF groups and with and without CKD.

10
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AIMS

The main aim of the thesis was to examine the prevalence of kidney dysfunction in
unselected HF patients in relation to different EF categories and to examine the impact of
kidney dysfunction on survival in HFpEF, HFmrEF and HFrEF.

The specific aims were

1. To determine the prevalence of different degrees of kidney dysfunction and to examine
their association with short- and long-term outcome in a large unselected contemporary HF
population and some of its subgroups (Study ).

2. To perform a comprehensive comparison of CKD in HFpEF, HFmrEF and HFrEF with
regard to prevalence, clinical correlates and long-term prognostic role (Study I1).

3. To compare the long-term incidence of, associations with and prognostic impact of WRF
in HFpEF, HFmMrEF and HFrEF (Study 111).

4. To assess the use of MRA and the association between MRA treatment and outcome in
patients with M1 and HF in different EF groups and in the absence and presence of CKD
(Study 1V).

11
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PATIENTS AND METHODS

Data sources
Study I, Il and 111

The Swedish heart failure register (SwedeHF) has since 2000 included patients with HF and
offers a unique possibility to study a large cohort of unselected HF patients (103). It is a web
based national quality register including HF patients, with 54% coverage of all patients
hospitalized with HF as the main diagnosis in Sweden according to the latest report in 2015.

The majority of the patients (91%) are registered at hospital, the remaining in the primary
care. Inclusion criteria are clinician-judged HF and approximately eighty variables are
recorded at discharge or during visit to a physician or health care team. Variables in the
registry include baseline description of the patients, risk factors, history of heart disease,
cardiac interventions, cardiac evaluation with electrocardiogram and echocardiogram,
laboratory tests at discharge or at the out-patient visit and medication. Registration of
hemoglobin and creatinine are mandatory. The patients are informed of their participation in
the SwedeHF and are allowed to opt out, but individual patient consent is not required. The
register is monitored yearly; in 2015, in 8 hospitals 30 random registrations were reviewed
and compared with the patients’ medical records. The database is managed by Uppsala
Clinical Research Center (Uppsala, Sweden).

Study 111

In study 11l we merged data from SwedeHF with the Stockholm Creatinine Measurement
(SCREAM) database. The SCREAM cohort 2006-2011 was a collaborative project between
Karolinska Institutet and the Stockholm County Council to assess the burden of kidney
disease and inappropriate drug use in the region (104). The core component of SCREAM
was laboratory data related to kidney function. The laboratories extracted the requested
laboratory tests for all patients who had undertaken these tests in the region. All laboratories
used standardized methods of creatinine measurements traceable to dilution mass
spectroscopy standards. The SCREAM database contains laboratory data of 98% of all
patients with cardiovascular disease in Stockholm 2006-2011.

Study 1V

In the fourth study we analyze data from the nationwide SWEDEHEART (Swedish Web-
System for Enhancement and Development of Evidence-Based Care in Heart Disease
Evaluated According to Recommended Therapies) registry (105). SWEDEHEART includes
almost all patients hospitalized for acute MI and admitted to a coronary care unit or other
specialized facility with coverage of 96% of patients < 80 years old and around 80% of

12
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elderly patients (106). The registry covers all hospitals taking care of acute cardiac patients in
Sweden (n=72). In the acute coronary care part of the registry, more than 100 variables are
collected prospectively including admission logistics, patient demographics, risk factors, past
medical history, medical treatment before admission, -electrocardiographic changes,
biochemical markers, clinical investigations, medical treatment in hospital, interventions,
hospital outcome, diagnoses and medication at discharge. Patients receive information about
their participation in SWEDEHEART on admission and are allowed to opt out. The registry
is monitored on a regular basis with visits to approximately 30 randomly selected hospitals
each year, comparing data entered into SWEDEHEART with the information in the patients’
health records, repeatedly showing an agreement of 95-96%.

The data in study 1V was linked to the Swedish Prescribed Drug Registry, which contains all
pharmacy-drug dispensations in the country for each unique citizen to get information of the
prevalence of spironolactone and eplerenone in patients after discharge.

In study I-1V: Mortality data was obtained by running the registries against the Population
Register in Sweden which includes the vital status of all Swedish citizens and permanent
residents.

13
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Study populations
Study |

A total of 47,716 unique patients from SwedeHF 2000-2013 were studied after exclusion of
patients with missing data on creatinine, age and with creatinine measured with methods not
traceable to isotope dilution mass spectroscopy standards (Figure 5).

Study 11

In total 40,230 unique patients from SwedeHF 2000-2013 were studied after exclusion of
patients with missing data for age or creatinine, creatinine measurement by non-standardized
methods, patients that died during hospitalization and exclusion of patients with missing data
of EF (Figure 5).

Study 111

In total 7,154 unique patients from SwedeHF in Stockholm 2006-2010 were studied after
exclusion of patients with no recorded measurements of EF and no follow-up values of
creatinine (Figure 5).

Study 1V

A cohort of 45,071 unique patients from SWEDEHEART 2005-2014 with acute MI and HF
(previously known or diagnosed during hospitalization (defined as; Killip >1, administration
of intravenous diuretics/inotropes or use of continuous positive airway pressure)) were
studied after exclusion of patients with prior MRA use and patients that died during
hospitalization or within 2 weeks from discharge.

14
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Figure 5 Study populations, study I-111
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Methods, outcome and Statistics

Glomerular filtration rate was estimated with the CKD-EPI equation (32). LVEF was both in
SwedeHF and SWEDEHEART obtained from the latest available measurement and method
according to local practice (in Sweden generally echocardiography with the Simpson
method). HFpEF was defined as HF with EF > 50%, HFmrEF as HF with EF 40-49% and
HFrEF as HF with EF < 40%.

15



Ida Léfman

Study |

The patients were divided into 5 renal function categories with normal function (¢GFR > 90),
mild dysfunction (eGFR 60-89), moderate dysfunction (eGFR 30-59), severe dysfunction
(eGFR 15-29), and end stage renal disease (eGFR < 15 ml/min/1.73 m2) based on creatinine
obtained at discharge for hospitalized patients and at the closest date preceding an outpatient
Visit.

Outcome was all cause mortality during up to 12 years follow-up.

Crude survival was assessed and illustrated by Kaplan-Meier analyses. Uni- and
multivariable Cox proportional hazard regression was used to examine the association
between kidney function and outcome using three models: in the first model adjustment were
made for variables possibly influencing both kidney dysfunction and outcome (age, gender,
smoking, hypertension and diabetes), in the second model variables related to the etiology
and severity of heart failure were added (heart failure > 6 months, ischemic heart disease
(IHD), previous valvular intervention, non-sinus rhythm in the electrocardiogram, heart rate,
LVEF, New York Heart Association (NYHA) class, systolic blood pressure and hemoglobin
level) and in the third model we also made adjustments for given treatment (ACEi,
angiotensin receptor blockers (ARB), beta blockers, aldosterone antagonists, statins and
cardiac resynchronization therapy (CRT)).

Study 11

CKD was defined as eGFR < 60 ml/min/1.73m2, based on creatinine obtained at discharge
for hospitalized patients and at the closest date preceding an outpatient visit.

In the analyses of association between baseline variables and baseline CKD, the dependent
variable was CKD. In analyses of the association between CKD and prognosis, the outcome
was death from any cause.

Associations between baseline variables and baseline CKD were assessed with multivariable
logistic regression using a total of 28 clinically relevant variables: age, gender, civil status,
care in cardiology ward, hypertension, diabetes, smoking, IHD, atrial fibrillation, valvular
heart disease, chronic obstructive lung disease (COPD) , revascularization, hospitalization at
diagnosis, HF duration > 6 months, NYHA class, haemoglobin, systolic blood pressure, heart
rate, RAAS blockers, beta blockers, aldosterone antagonists, digoxin, statins, nitrats, oral
anticoagulants, antiplatelet treatment, specialist follow-up and heart failure team follow-up.
Pre-selected variables of interest were illustrated in a Forest plot.

Crude survival was assessed and illustrated with Kaplan-Meier analyses.
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Uni- and multivariate Cox proportional hazard regression analyses were used to examine the
association between CKD and mortality and adjustments were made for the same 28
variables as above. Analysis of interaction between CKD and EF group was performed by
creating an interaction term in a Cox regression analysis.

Prognostic value of kidney function, regardless of chosen cut-off value for eGFR, was
assessed by area under the curve in ROC analyses.

Missing data of the variables in the multivariable analyses was handled by multiple
imputation with 10 dataset.

Study 111

WRF was defined as > 25% decrease in estimated glomerular filtration rate (eGFR) when
studying associations between baseline characteristics and WRF within one year and within
five years follow-up.

WRF was divided in 25-49% and > 50% decrease in eGFR when studying the association
between WRF within year one and subsequent mortality up to six years follow-up. Baseline
creatinine was obtained at the closest date preceding an outpatient visit or at discharge for
hospitalized patients. Subsequent measurements were performed as considered indicated in
the clinical routine.

The associations between EF groups and subsequent WRF and between WRF within one
year and subsequent mortality were assessed with Kaplan-Meier analyses and multivariable
Cox regression using a total of 31 clinically relevant variables including demography (age,
gender, civil status, care at a cardiology clinic), risk factors (diabetes mellitus, hypertension),
previous cardiovascular disease (IHD, atrial fibrillation, valvular heart disease), comorbidity
(COPD), previous procedures (revascularization), characterization of HF (hospitalization at
inclusion, HF duration over 6 month, NYHA class, use of inotropes, CRT, physical status
(non-sinus rhythm, heart rate (< 70, > 70 beats per minute), systolic blood pressure (< 100,
100-139, > 140 mm Hg), lab (Hb < 120 , > 120 g/dl), CKD ( < 30, 30-59, > 60
ml/min/1.73m2 )), WRF during hospitalization (defined as a 25% decrease in eGFR and 26.5
pmol/l increase in creatinine) and medication at discharge (ACEi/ARB, beta blockers, MRA,
digoxin, statins, nitrates, antiplatelets, anticoagulants, diuretics). In the analysis of the
association between WRF and subsequent mortality a stepwise adjustment for baseline eGFR
and then the remaining variables was made.

The multi-adjusted risk for WRF > 25% within one year and within five years and the multi-
adjusted mortality risk with WRF 25-49% and WRF > 50% in the different EF groups were
illustrated in Forest plots.
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Missing data was handled by multiple imputation with 20 dataset using the same variables as
in the multivariable analyses.

Study IV

MRA use after discharge was defined as a recorded dispensation of spironolactone or
eplerenone within 2 weeks after discharge. CKD was defined as eGFR < 60 ml/min/1.73m2.

The outcome was all-cause mortality up to 3 years of follow-up.

The association between the use of MRA and mortality in the different EF groups and in the
presence or not of CKD were assessed with uni- and multivariable Cox regression analyses.
Adjustments were made for 28 variables; center as random effect, year of admission, age,
gender, risk factors (diabetes mellitus, hypertension), previous cardiovascular disease ( Ml,
HF, peripheral vessel disease), previous other diseases (COPD, cancer), status at presentation
(ST-elevation, Killip > 1, atrial fibrillation), intervention and treatment (PCI,CABG, iv
diuretics, inotropes), medication at discharge (ACEi/ARB, beta-blockers, calcium
antagonists, diuretics, digoxin, statin therapy, antiplatelet therapy and warfarin), atrial
fibrillation at discharge and eGFR.

Analyses of interaction between MRA and EF groups and MRA and CKD were performed
by creating an interaction term in the Cox regression analysis. For continuous variables
natural cubic splines with 4 degrees of freedom (knots) were used.

Multiple imputation was used to create 30 imputed data sets. Incomplete variables were
imputed using the random forest based MICE algorithm.

A sensitivity analysis of complete cases was performed to validate the robustness of the
results.

Statistics in Study | and 11 were made in SPSS version 22, with use of STATA version 13 for
figures in study Il. In study 111 STATA version 14.1 was used, with SPSS version 24 for
imputations and in study 1V statistics were made with R.

Ethical consideration

The registries conform to the national laws and the declaration of Helsinki. The studies were
approved by the regional ethical review boards in Linképing and Stockholm.
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RESULTS

Study |

Kidney function and heart disease

A total of 24,225 (51%) patients had at least a moderate kidney dysfunction (eGFR < 60
ml/min/ 1.73 m2) and 5,065 (11%) at least a severe kidney dysfunction (eGFR < 30
ml/min/1.73 m2) while 813 (2%) were classified as end stage renal disease (eGFR < 15
ml/min/1.73 m2). Patients with lower kidney function were older, more often female and had
more frequently had hypertension and diabetes mellitus.

Patients with poor kidney function were more likely to have IHD. Atrial fibrillation, stroke
and valvular heart disease were more common in those with reduced kidney function but they
were less likely to have dilated cardiomyopathy. Patients with reduced kidney function had a
higher likelihood of HF with a known duration of more than 6 months and were more often
hospitalized at inclusion. Mildly symptomatic heart failure was more common in those with
preserved kidney function and severe HF increased with worsened kidney function. Patients
with reduced eGFR had more often preserved LVEF, whereas in patients with preserved
kidney function severe left ventricular systolic dysfunction (LVEF < 30%) was more
common.

Physical findings

There were no major differences between the eGFR strata regarding heart rate, blood pressure
and body mass index. Presence of left bundle branch block and QRS-width did not differ
between eGFR-strata. The laboratory data showed that patients with low eGFR had more
often low hemoglobin and a high potassium level and a markedly higher level of N-terminal
pro-brain natriuretic peptide (NT-proBNP).

Treatment

Patients with reduced kidney function were less likely to be treated with ACEi, beta-blockers
and aldosterone blockade. If treated, they were also less likely to receive what was considered
to be guideline recommended target dose of ACEi, ARB and beta-blockers. Statins and
anticoagulant treatment were used less often whereas aspirin was used more often in those
with impaired kidney function.

Outcome

Half of all patients with eGFR < 15 ml/min/1.73 m2 had died after 6 months and after one
year over 40% of those with severe kidney dysfunction and 60% of the patients with end
stage renal disease had died (Table 1).
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There was an increasing mortality with decreasing kidney function regardless of age,
presence of diabetes or not, NYHA class, and hemoglobin levels.

Although patients with HF with a duration of more than 6 months had higher one year
mortality than patients with HF with a shorter duration (25% vs. 16%), the prognosis was
primarily dependent on the eGFR. One year mortality in patients with normal kidney function
was 7% in HF with duration less than 6 months vs. 8% with duration more than 6 months and
in patients with eGFR < 15 one year mortality was 61% vs. 63%.

During long-term follow-up, the cumulative probability of death at five years was more than
80% in patients with at least severe kidney dysfunction (eGFR < 30) and 60% in those with
moderate kidney dysfunction (eGFR 30-59) ( Figure 6). Even in the age group below 65
years the prognosis was sinister with a 60% probability of death at 5 years in those with
severe kidney dysfunction.

Figure 6
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(A) Mortality in patients with heart failure and different estimated glomerular filtration rate (eGFR)
strata, crude survival assessed by Kaplan-Meier analysis, log rank p<0.001.

(B) Mortality in patients under 65 years with heart failure and different GFR strata,

crude survival assessed by Kaplan-Meier analysis.

Lofman et al, Open heart 2016. Reproduced with permission from BMJ.
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When adjusting for baseline variables possibly influencing both kidney dysfunction and
outcome (age, gender, smoking, hypertension and diabetes) in model 1 the association
between eGFR and mortality was attenuated (Table 1). When adding HF related variables in
model 2 the association between eGFR strata and mortality was further somewhat weakened
but still significant. When adjusting for differences in medical treatment in model 3 the
association between eGFR strata and mortality remained unchanged.

Table 1 Mortality and unadjusted and adjusted mortality risk in relation to eGFR

eGFR>290  eGFR 60-89 eGFR 30-59 eGFR 15-29 eGFR<15
n=5251 n=18 240 n=19 016 n=4252 n=813
In hospital (%) 1% 2% 3% 10% 28%
At 6 months (%) 5% 8% 16% 35% 53%
At 1 year (%) 7% 13% 23% 46% 62%
Longterm (HR)(unadjusted) 1 1.85(1.73-1.97) 3.57(3.35-3.80) 7.72(7.20-8.28) 11.71(10.62-12.90)
Model 1 (HR)(n=47545) 1 0.83(0.77-0.89) 1.13(1.05-1.21) 2.12(1.96-2.29) 4.19 (3.79-4.64)
Model 2 (HR)(n=27304) 1 0.84 (0.74-0.92) 1.10(1.00-1.20) 1.87 (1.68-2.08) 3.26 (2.79-3.80)
Model 3 (HR)(n=27302) 1 0.86 (0.79-0.95) 1.13(1.03-1.24) 1.85(1.67-2.07) 2.96 (2.53-3.47)

In model 1 adjustment for baseline variables possibly influencing both kidney dysfunction and outcome (age, gender,
smoking, hypertension and diabetes). In model 2 variables related to the etiology and severity of heart failure (heart failure
> 6 months, IHD, atrial fibrillation, valvular heart disease, dilated cardiomyopathy, previous revascularization, previous
valvular intervention, non-sinus rhythm in the electrocardiogram, heart rate, LVEF, NYHA class, systolic blood pressure
and hemoglobin level) were added. In model 3 adjustment for given treatment (ACEi, ARB, beta blockers, aldosterone

antagonists, statins and CRT)

Lofman et al 2016, Open heart. Reproduced with permission from BMJ

Study 11

Patients and baselines characteristics

Of 88,317 registrations in SwedeHF 2000 — 2013, 40,230 unique patients were included after
applying exclusion criteria mentioned earlier. 8,875 (22%) were classified as HFpEF, 8,374
(21%) as HFmrEF and 22,981 (57%) as HFrEF.

CKD was more common in HFpEF than in HFmrEF and HFrEF, 56% vs. 48% and 45%
respectively. Patients with HFmrEF were younger and less often female than HFpEF but
older and more often female than HFrEF.
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In all EF categories the patients with CKD had higher age, more comorbidity and more
severe HF. There was more hypertension, atrial fibrillation and valvular heart disease in
HFpEF while there was more IHD in HFmrEF and HFrEF, and with higher prevalence in
patients with CKD. There were a higher proportion of diabetes in patients with CKD, but no
difference between HFpEF, HFmrEF and HFrEF.

Patients had higher systolic blood pressures in HFpEF and HFmrEF and slightly higher BMI
in HFpEF, with no major differences in the presence vs. absence of CKD. In all EF groups
hemoglobin level decreased with lower kidney function and was lowest in HFpEF. NT-
proBNP was approximately doubled in CKD vs. non-CKD, regardless of EF and was highest
in HFrEF.

Figure 7 Multivariable logistic regression; Association with CKD
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Associations between covariates and CKD

Associations were assessed between important baseline covariates and CKD, to elucidate the
potential risk factors for CKD in the different EF groups (Figure 7). Many of the baseline
variables were independently associated with CKD, including higher age, female sex,
hypertension, diabetes and longer duration of HF and NYHA class. Anemia was strongly
associated with CKD, whereas IHD and atrial fibrillation were less strongly associated with
CKD after adjustments for covariates. Notably, the associations with CKD changed
somewhat after multivariable adjustment, but were similar regardless of EF category. RAAS
blockade was associated with lower odds of having CKD while beta blockers were associated
with higher odds.

Associations between CKD and mortality

Over a median (IQR) follow-up of 900 (369-1669) days, there were 10 862 deaths overall.
Patients with CKD had a worse outcome both in the short and long term in all EF groups
(Figure 8). In the crude survival analyses patients with HFpEF, HFmrEF and HFrEF had
similar poor prognosis in the presence of CKD, whereas in the absence of CKD, HFpEF had
higher one year, five years, overall and long term mortality compared to HFmrEF and
HFrEF. CKD was less strongly associated with mortality in HFpEF than in HFmrEF and
HFrEF in the unadjusted analysis and remained less associated with mortality after multiple
adjustments (p for interaction < 0.001) (Table 2).

Figure 8 Kaplan—Meier curves for mortality in HFpEF, HFmrEF and HFrEF
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Léfman et al, EJHF 2017. Reproduced with permission from Wiley
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Table 2 Association between CKD and mortality according to EF category

Model HFpEF HFmrEF HFrEF
HR 95% Cl HR 95% CI HR 95% CI
Crude 1,95 1,83-2,08 2,64 2,46-2,84 2,75 2,64 -2,88
Adjusted age 1,40 1,31-1,50 1,72 1,60-1,86 1,80 1,72-1,89
Adjusted age and gender 1,41 1,32-1,56 1,73 1,61-1,87 1,82 1,74-1,90
Adjusted all baseline 1,32 1,24-1,42 1,51 1,40-1,63 1,49 1,42-1,56
variables*

*age, gender, civil status, cardiology ward, specialist follow-up, heart failure team follow-up,
hypertension, diabetes, smoking, ischemic heart disease, atrial fibrillation, valvular heart disease,
pulmonary disease, revascularization, hospitalization at diagnosis, heart failure duration > 6 months,
NYHA class, haemoglobin , systolic blood pressure, heart rate, RAAS blockers, beta blockers,
aldosterone antagonists, digoxin, statins, nitrats, oral anticoagulants and antiplatelet treatment
Léfman et al, EJHF 2017. Reproduced with permission from Wiley

In ROC analyses of one year mortality, the prognostic discrimination of kidney function,
measured as eGFR as a continuous variable, was stronger in HFrEF and HFmrEF than in the
patients with HFpEF.

Study 111

Incidence of WRF

Of the 7,154 patients, 5,186 (72.5%) were discharged from hospital, while 1,986 (27.5%)
patients were included at an out- patient visit. Within the first year, of patients discharged
from hospital 41.2% developed WRF > 25% and 14.4% WRF > 50%, while of the out-
patients, 23.5% developed WRF > 25% and 6.4% WRF > 50%.

Median (IQR) time to WRF > 25% was 174 (52-439) days in HFpEF, 207(55-498) days in
HFmrEF and 218 (57-503) days in HFrEF and to WRF > 50% 350 (129-604) , 394 (147-772)
and 396 (160-733) days respectively.

During the first year 41.6% of the patients with HFpEF vs. 34.5% and 35.4% with HFmrEF
and HFrEF developed WRF > 25%.

There was an increasing cumulative incidence of WRF during five year follow-up. At two
years over 50% of the patients in all EF groups had WRF > 25%, with a slightly higher
proportion in HFpEF and a slightly lower in HFmrEF (Figure 9) and 25% of the patients had
WRF > 50%, even here a somewhat higher proportion in HFpEF.
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Figure 9 WRF > 25% during follow-up, stratified on different EF groups
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Associations between baseline variables and incident WRF

In all EF groups the patients with WRF > 25% within the first year were older, had more
often hypertension, atrial fibrillation, IHD, valvular heart disease, were more often
hospitalized at inclusion, had more often higher NYHA class, more often anemia, COPD, less
often eGFR > 60 ml/min/1.73m2 but higher NT-proBNP and were more often treated with
MRA and diuretics. In HFmrEF and HFrEF, patients with WRF > 25% had also more
frequently HF with duration > 6 months and only in HFrEF had the patients with WRF more
often WRF during hospitalization.

In the multi-adjusted analyses, the risk for WRF > 25% during the first year was higher in
HFpEF (reference) than in HFmrEF and HFrEF (hazard ratio (HR) (95% CI) 1.0 vs 0.890
(0.794-0.997) and 0.870 (0.784-0.965)) and with similar trends during five years follow-up
(Figure 10). In all EF groups, higher age, diabetes, enrolment at hospital discharge vs. as out-
patient, NYHA class, use of MRA and diuretics were associated with WRF > 25%. Even
COPD and anemia, HF duration over 6 months, valvular heart disease, use of CRT, low
systolic blood pressure and treatment with digoxin were associated with WRF > 25%. There
were few significant interactions when stratifying for EF groups. In HFrEF but not in
HFmrEF and HFpEF, the duration of HF was associated with WRF.
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Figure 10 Risk for WRF within the first year and within five years, HR ( 95% CI)
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Associations between WREF and all-cause mortality

Within the first year after the index-HF event, 16.3%, 15.7% and 15.6% respectively of the
HFpEF, HFmrEF and HFrEF patients died. Patients alive and with WRF > 25% within year
one had higher long-term mortality from year one than the patients with no WRF regardless

of EF group.

There were clear associations between WRF 25-49% and WRF > 50% within year one and
mortality during follow-up, with the strongest association with WRF > 50% in all EF groups,
both unadjusted, after adjustment for baseline eGFR and in the fully adjusted analyses. In
WRF 25-49% there was a lower mortality risk in HFpEF (HR, 95% CI) 1.101(0.913-1.328)
than compared to HFmrEF 1.655 (1.354-2.024) and HFrEF, 1.212 (1.06-1.386) while in
WRF > 50% the multi adjusted mortality risk was similar in all EF groups.

Figure 11 Mortality risk during follow-up with WRF 25-49% and WRF>50% within

year one in different EF groups, HR (95% CI)
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Study 1V

Treatment with MRA

Of 45,071 patients with acute MI and HF, 4,470 (9.9%) patients had MRA prescribed at
discharge, of which 4,269 (9.5%) had spironolactone and 204 (0.5%) had eplerenone. Those
with MRA were somewhat younger, had more often STEMI on admission, had less often
prior MI, HF and CKD, were less often treated with antiplatelet treatment, beta-blockers and
diuretics on admission and had more often severely reduced EF compared with patients with
no MRA. They were more often treated with inotropic drugs, intravenous diuretics and
revascularization. At discharge, patients with MRA had more ACEi/ARB and diuretics, and
slightly more often beta-blockers compared to patients without MRA.

Of 30,485 patients with a known LVEF, 9,895 (32.5%) had LVEF > 50%, 7,921 (26.0%) had
LVEF 40-49% and 12,669 (41.6%) had LVEF < 40%. Patients with lower LVEF were
generally older, had more frequently diabetes mellitus, prior MI and HF, had higher rates of
STEMI at admission and had lower eGFR. A total of 469 (4.7%) patients with LVEF > 50%
had MRA, while 722 (9.1%) of patients with LVEF 40-49% and 2,486 (19.6%) of patients
with LVEF < 40% had MRA. In patients with LVEF > 50%, baseline characteristics for those
treated and not treated with MRA differed from those with LVEF 40-49% or LVEF < 40%.
In this group, patients treated with MRA were older, had more often risk factors such as
diabetes mellitus and hypertension, were more likely to have atrial fibrillation, and were more
frequently treated with beta-blockers and diuretics on admission.

Of 43,163 with known kidney function, 20,904 patients (48.4%) had eGFR < 60
ml/min/1.73m2. Patients with CKD were older, more often female, had more frequently other
risk factors and cardiovascular diseases. They were also less often treated with
revascularization and ACEI/ARB, but more often treated with diuretics. A total of 1,802
patients (8.6%) with CKD were treated with MRA vs. 2,532 (11.4 %) of the patients without
CKD. Regardless of kidney function the relative differences in baseline characteristics and
other treatments between patients treated with and without MRA were similar.

Mortality

The mortality rate was lower in patients treated with MRA during follow-up, 14.9 ((95% CI)
14.1-15.6) vs. 17.9 (17.6-18.2) per 100 person years in untreated patients resulting in HR
(95% CI) of 0.83 (0.78-0.88). The association between MRA treatment and mortality was
attenuated after adjustment but still significant (HR (95% CI) 0.94 (0.89-0.99)).

In the crude analysis when stratifying into different LVEF groups, MRA treated patients had
lower mortality rates compared to the untreated patients in those with reduced LVEF (< 40
%) (13.2 (12.2-14.2) vs. 19.2 (18.6-19.8) per 100 person-years) and LVEF 40-49% (10.2
(8.6-11.8) vs. 12.2 (11.7-12.7) per 100 person years) (Figure 12). In those with LVEF > 50%,
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MRA treated patients had higher mortality rates compared to the untreated patients (15.1
(12.6-17.5) vs. 9.8 (9.3-10.2) per 100 person-years). In the adjusted analyses, there was a
significant interaction between MRA and LVEF groups (p<0.0001), with a lower risk of
death in MRA treated patients with LVEF < 40% (HR (95% CI) 0.81 (0.75-0.88)) and in
patients with LVEF 40-49% (0.88 (0.75-1.03)) but not in those with LVEF > 50% (1.29
(1.09-1.53)) (Figure 13).

Figure 12 Mortality with and without MRA stratified on EF groups
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Lofman et al, JAHA 2018. Reproduced with permission from Wiley

When the patients were divided into presence or not of CKD, MRA was associated with a
lower mortality rate in patients with CKD (21.5 (20.0-23.1) vs. 26.9 (26.4-27.5) per 100
person-years), but not in patients without CKD (10.6 (9.7-11.5) vs. 10.7 (10.4-11.0) per 100
person-years). After adjustment there was no significant interaction between MRA and CKD
(p=0.46) and there was no difference regarding the association between MRA treatment and
outcome in patients with (HR (95% CI) 0.92 (0.85-0.99)) and without (0.96 (0.88-1.05))
CKD (Figure 13).
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A sensitivity analysis, including only complete cases in the adjusted analyses, showed similar
results with a significant interaction between MRA and LVEF, whereas there was no such
interaction between MRA and CKD.

Figure 13 Mortality risk with MRA use overall and stratified for LVEF and CKD
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Léfman et al, JAHA 2018. Reproduced with permission from Wiley
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DISCUSSION

Our main findings were that both CKD and WRF were common in unselected HF patients
and most common in HFpEF. CKD and WRF were associated with similar co-variates in the
different EF groups and both were strongly associated with long-term prognosis. In HFpEF
the prognostic impact of CKD and WRF however was less strong than in HFrEF and
HFmrEF. In unselected MI patients with HF, MRA was associated with better long-term
survival in patients with reduced but not in preserved EF, while the association between
MRA use and outcome was similar regardless of presence or not of CKD.

Prevalence of renal dysfunction

The majority of HF patients have one or more comorbidities, CKD being most common
followed by diabetes and anemia (51). The large meta-analysis of Damman et al. 2014
examining 57 studies of HF and including both RCTs, cohorts and registries, found a
prevalence of CKD of 32% (5). In study I the prevalence of eGFR < 60 ml/min/1.73m2 was
higher (51%), reflecting a real life HF population. In studies of AHF the prevalence of renal
dysfunction is higher than in studies of CHF (5). In the American database ADHERE of
AHF, the majority of patients had significant impairment of the kidney function (7). In the
setting of AHF the predominantly driving force of renal impairment seem to be acute
congestion with high CVP (1). CHF has been more studied than AHF and here the
pathogenesis seems more complex and the reduction in renal blood flow of more importance
with RAAS inhibitors partly blocking the kidney autoregulation (107). In study | a majority
of patients with reduced renal function had HF with duration over 6 months. As many
patients have an AHF incident on top of CHF, there is probably an overlap in the
pathogenesis of acute and chronic HF.

The prevalence of renal insufficiency was found to be similar in the different EF groups in
earlier registry data (83). Study Il was the first large, generalizable, long term,
comprehensive study of CKD in HFpEF, HFmrEF and HFrEF. We found that CKD was
most common in HFpEF with a prevalence of 56%. This was higher than earlier noted and
consistent with the unselective nature of SwedeHF compared to other registries (2, 83).

WRF has mostly been studied in acute hospitalized patients and less is known about the risk
of long-term WRF after discharge. In study 11l we found that WRF was common and the
cumulative incidence increased in HF both after discharge from hospital and in out-patients.
During follow-up, half of the patients had an eGFR reduction of over 25% within two years
and one quarter of the patients had a reduction of more than 50%. As with CKD, there was a
higher risk for WRF in patients with HFpEF than in HFmrEF and HFrEF.
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Associations with renal dysfunction

In study | the patients with lower kidney function were older, had more often hypertension,
diabetes mellitus, cardiovascular disease, long duration of HF and more severe NYHA class
in keeping with previous studies (55, 86).

Renal dysfunction and HF potentiate each other by cardiorenal mechanisms and share similar
risk factors. Diabetes and hypertension are (among RAAS and sympathetic activation, NO
balance and inflammation) often referred to as cardiorenal connectors (1, 108). Both diabetes
and hypertension are part of the pathogenesis in cardiorenal syndrome and promotes CKD
disease progression by arteriosclerosis, tubular damage, albuminuria and nephron loss (109,
110).

In study 11 the HFpEF population was older, more often female, had more comorbidity, was
more often included at hospitalization; all known risk factors for both HF and CKD (7, 54,
60). In study 11 there were interestingly in all three EF categories, almost similar associations
between baseline characteristics and CKD after multivariable adjustments. Hemoglobin was
independently associated with CKD, as was diabetes and hypertension. Even though the risk
factors for CKD were similar in the different EF groups, the mechanisms leading to CKD and
the impact of CKD in the different EF groups may vary.

HFrEF and renal dysfunction

In HFrEF progress of HF is primarily due to loss of cardiomyocytes by ischemic heart
disease and cardiomyopathies with subsequent RAAS and sympathetic activation and
remodeling (57). The reduced cardiac function constitutes both forward and backward failure
(111). Congestion of the kidney by high venous pressure, raised abdominal pressure and low
stroke volume leads to reduced perfusion pressure in the glomeruli and reduced eGFR (13).
With kidney congestion and reduced renal blood flow, the circulation in the kidney cortex
and the tubules will be reduced, leading to varying degrees of tubular damage (112).

HFpEF and renal dysfunction

In HFpEF the primary mechanism for disease progression is believed to be driven by the
comorbidities. A new paradigm has been proposed for HFpEF where comorbidities induce an
inflammatory state with microvascular dysfunction potentially leading to both cardiac and
renal fibrosis (61, 113, 114). The direction of causality may however be in the opposite
direction or bidirectional. There is a higher proportion of chronotropic insufficiency in
HFpEF, which has shown a linear correlation with reduction in eGFR (115). In a study of
HFpEF and echocardiography, CKD were associated with left atrial, left ventricular and right
ventricular strain, proposing also a vicious circle where CKD and HFpEF are mutually
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reinforced (116). There has been an increased understanding of HFpEF, where the
combination of inflammatory state, hemodynamics and comorbidities is thought to induce
right ventricular dysfunction which through increased central venous pressure deteriorate the
kidney function further, explaining the high prevalence of renal dysfunction in HFpEF (64).
The mechanisms in the progress of CKD in HFpEF seem therefore to be partially overlapping
with the mechanisms in HFrEF and are accentuated by comorbidities and inflammation.

HFmrEF and renal dysfunction

In prior reports, HFmMrEF has most often either been excluded as a grey area or included in
the HFpEF or the HFrEF population (54, 55, 117). In study Il we provide a detailed
description of the HFmrEF group, where many clinical characteristics like age, proportion of
female and hypertension were at a continuum between HFpEF and HFrEF but some
characteristics like IHD and valvular disease were more similar to HFrEF than to HFpEF.
This has later been confirmed in other studies of HFmrEF, where the main findings are that
HFmrEF is similar to HFrEF regarding genesis of IHD and has a different response to
treatment compared to HFpEF (118). The mechanism for CKD in HFmrEF is probably
complex and similar to both HFpEF and HFrEF as HFmrEF is partly a transition between the
two depending on the actual state of the HF. A proportion of HFmrEF seems to represent a
prior or future HFpEF or HFrEF as different studies have shown that in 17-37% LVEF
deteriorates and in 21-73 % it improves (119, 120).

In study 111 we examined the determinants of WRF and found similar associations as with
CKD. Even here factors related to more severe HF were associated with WRF; higher age,
valvular heart disease, registration at discharge from hospitalization vs. out-patient, HF over 6
months, CRT, NYHA class, anemia, low blood pressure, use of MRAs and diuretics were
associated with WRF >25% after 1 year. We found few significant differences between the
EF groups.

Prognosis

Patients with more than moderate decrease in kidney function have been excluded from
clinical trials (57). The degree of kidney dysfunction and the impact of kidney dysfunction on
outcomes in patients with HF have therefore earlier been under estimated.

In study I kidney function was strongly associated with short and long term mortality with an
increasing mortality with decreasing eGFR. At five years, the cumulative probability of death
was above 60% in those with moderate kidney dysfunction and above 80 % in patients with
severe kidney dysfunction. The strong association with outcome was evident in all age
groups, regardless of NYHA class, duration of heart failure, hemoglobin level and presence
or not of diabetes mellitus. The high mortality in patients with HF and CKD may have
multiple mechanisms. Both CKD and HF have similar risk factors associated with mortality;
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like smoking, hyperlipidemia, anemia, hypertension and diabetes (85, 121, 122). CKD may
be a marker for more severe heart failure as eGFR decreases with high venous pressure,
ascites with increased abdominal pressure and forward failure (16, 17). Factors secondary to
CKD, as endothelial dysfunction, secondary hyperparathyroidism, vascular calcifications,
increased oxidative stress, chronic inflammation, metabolic acidity, deterioration of calcium-
phosphate and electrolyte balance may also increase mortality (3). Patients with CKD are also
less likely to receive evidenced based treatment because of fear of WRF and the uncertainty
regarding optimal treatment doses (57, 123). In study | after adjustments for risk factors and
factors related to severity of HF, impaired kidney function remained strongly associated with
mortality confirming results from earlier observations showing that GFR is an independent
predictor itself for outcome (86). When finally adjusting for treatment in our study, the
association between kidney function and outcome remained unchanged; indicating that
suboptimal treatment may not be so important for adverse outcome in patients with HF and
reduced kidney function.

In study Il CKD was strongly associated with mortality in all EF groups in line with earlier
studies (5). The impact of CKD on prognosis in the different EF groups has varied according
to different studies. In the meta-analysis of Damman et al of 80,000 patients, CKD was found
to be a stronger predictor of death in HFpEF than in HFrEF, while the pooled study of
McAlister et al. from the MAGGIC meta-analysis showed that renal dysfunction was a
stronger predictor of all-cause mortality in patients with HFrEF than in HFpEF (5, 89). In
study Il we found in line with the MAGGIC meta-analysis that the mortality risk with CKD
was lower in HFpEF in both the univariate and multivariate analyses than in the other EF
groups. As CKD represents one of many comorbidities in HFpEF, the predictive role of
impaired renal function may therefore be relatively lower in HFpEF than in HFmrEF and
HFrEF.

In study 111 we found a weaker association between WRF and mortality in HFpEF compared
to HFmrEF and HFrEF. In HFpEF and WRF the prognosis may be more related to
comorbidities than in HFrEF, where progressive HF with subsequent kidney dysfunction may
be more pronounced. Study Il and 111 imply that in HFpEF both CKD and WRF are more
common but seem to be less strongly associated with prognosis. In HFpEF there may be a
parallel drive of CKD and HF by the comorbidities which lead to renal dysfunction being
more frequent but less prognostic as it may not reflect a worse cardiac status. Whereas in
HFrEF and HFmrEF, the kidney dysfunction may be secondary to more advanced HF and
therefore comes later and is less frequent but once present, associated with greater risk. Even
though there will be overlaps in the pathogenesis, as HFpEF and HFrEF have mutual
cardiorenal connectors, this hypothesis may explain the observed differences in prevalence
and prognosis in renal dysfunction between HFpEF and HFrEF .
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Heart failure treatment and prognosis in different EF groups

In study IV the main finding was that MRA treatment was associated with a lower mortality
in MI patients with reduced LVEF (< 40%) but not in patients with preserved LVEF (> 50%).
Although the number of patients with EF > 50% was small, and we do not know the
indication for MRA treatment, the finding was noteworthy.

Earlier studies of MRA treatment in HFrEF are well in line with our results. Both RALES,
study of spironolactone in patients with severe HF and LVEF < 35% and EMPHASIS-HF,
study of eplerenone in patients with mild HF and LVEF < 35% found that MRA in addition
to standard therapy improved survival and morbidity (98, 124). In EPHESUS similar effects
was found in patients with acute M1 complicated by LVEF < 40% and symptomatic HF or
diabetes (99). In the STEMI guidelines 2017 MRA has a class | indication in patients with
MI, HF and LVEF < 40% (125). As study IV examines MRA treatment in non-selected real-
life patients with acute MI and HF, it is noteworthy that only 19.6% of the patients with
LVEF < 40% had MRA. Although this may be explained by the fact that MRA may be
introduced after up-titration of ACEiI/ARB and therefore prescribed after discharge from
hospital, similar numbers have been noted in the US were only one out of seven eligible
patients were prescribed MRA at discharge (126).

On the contrary, when looking at LVEF > 50%, the means for comparing our results in the
patients with preserved LVEF are lacking. There are no studies of MRA use in MI patients
with HF and LVEF > 50%. We may compare our findings with the results from the TOPCAT
study of aldosterone antagonists in HFpEF (100). This study failed to show a reduction in the
composite endpoint of cardiovascular death, aborted cardiac arrest and hospitalization with
MRA, although a post-hoc analysis showed regional differences with benefits of
spironolactone in the American patients (101). In study IV we found that patients with
LVEF 40-49% had a tendency to lower mortality risk, which is in line with another sub-
analysis from TOPCAT showing a potentially stronger beneficial effect at the lower end of
the EF spectrum (127). The difference in survival with MRA treatment in LVEF > 50% and
LVEF < 40% is intriguing and also in line with earlier meta-analysis of MRA treatment in HF
(128). Once again we are reminded that HFpEF and HFrEF are two different phenotypes with
different pathogenesis. In HFpEF, pathogenesis is driven by comorbidities and inflammation
while HFrEF are characterized by loss of myocytes due to ischemic heart disease or
cardiomyopathies with neurohormonal activation (57, 61). Until now, all RCTs of HF
treatment in HFpEF have failed to show improved survival (129). Aldosterone is part of the
RAAS and RAAS blockade have not shown to have the same benefit in HFpEF as in HFrEF.
Treatment with candesartan in CHARM-preserved did not reduce outcome (cardiovascular
death and HF hospitalization) (130), indicating that neurohormonal activation is not as
dominant part of pathogenesis in HFpEF as in HFrEF.
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There may be differences in the comorbidities in HFpEF compared to HFrEF and also in the
severity of HF in HFpEF that may affect the response to treatment. In a sub-analysis of
Irbesartan in Heart Failure with Preserved Ejection Fraction Trial (I-PRESERVE), only
HFpEF patients with modest NT-proBNP levels seemed to benefit from irbesartan suggesting
that HFpEF patients with more advanced disease with the highest NT-proBNP and the worst
prognosis were beyond potential medical treatment (131).

Patients with HFpEF have been found to die less from cardiovascular death and sudden
cardiac death than HFrEF (132). This may also partly explain the lack of benefit of MRA in
HFpEF as MRA has shown to reduce the risk of arrhythmias (98, 133).

Heart failure treatment in patients with CKD

The other main finding in study IV was that in patients with HF and CKD, there was no
difference in mortality risk with MRA treatment compared to untreated patients. Patients with
CKD have an increased mortality risk, predominantly from cardiovascular disease (134). As
fibrosis of the heart, vessels and kidney are common in CKD, MRA represent a potential
option to prevent cardiovascular complications (135). A meta-analysis of 12 CKD studies and
over 4,000 patients showed that MRA treatment did benefit CKD patients regarding left
ventricular muscular mass, all-cause mortality and cardio-vascular events and even patients in
hemodialysis have been found to have reduced morbidity and mortality with MRA treatment
(136, 137). There is a risk for hyperkalemia and WRF with MRA, which may explain why
patients with CKD in the clinic often have MRA treatment withheld. Sub-analyses of
EMPHASIS-HF and RALES found that MRA was of survival benefit despite WRF and
surprisingly the greatest benefit was seen in patients with reduced eGFR (102, 138). Another
sub-analysis of EMPHASIS-HF found MRA use to be efficient and safe in risk patients when
they were well monitored (139). Criticism have been that in RCTs of MRA in addition to
ACEi and beta blockers, the patients included are already selected as they have tolerated
ACEi /ARB without hyperkalemia and there is therefore a potentially higher risk in
unselected patients (139). In this setting future treatment with potassium binders may be
feasible and facilitate MRA treatment (140). Even though our knowledge of MRA treatment
in more pronounced Kidney dysfunction is sparse, MRA seem to be underused, as only 8.6%
of the patient with CKD had MRA. A recent study confirms that the most common factor
associated to MRA underuse in HFrEF patients was CKD, this included even patients with
only modest reduction of renal function (eGFR 30-59 ml/min/m2) where MRA was indicated
(141). In study IV we examined an unselected real-life population and found that there was
no higher mortality with MRA treatment in patients with CKD indicating that MRA may be
used in M1 patients with HF and reduced kidney function.
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Limitations

Both SwedeHF and Swedeheart are registries that reflect clinical practice. There may still be
a certain selection of patients, as some patients may not have been transferred to the
cardiology units and included in the registers because of frailty, co-morbidity or other reasons
which may affect the generalizability of our studies. All studies were observational therefore
causality cannot be proven. In all regression analyses we adjusted for a large number of
confounders, but residual confounding may still exist due to unmeasured factors that could
not be adjusted for.

The diagnosis of HFpEF is more contentious than diagnosing HFrEF. The criteria for
diastolic dysfunction have changed over the years (142). Patients with CKD may have fluid
retention and high filling pressures making it difficult to distinguish CKD from HFpEF (143).
Many patients with diastolic dysfunction may also have alternative explanations for their
dyspnea, such as obesity, pulmonary disease and ischemia (144). Taken together patients
diagnosed with HFpEF are a heterogeneous group in which some may not have HF at all.
However the patients that get a diagnosis of HFpEF may have a more severe HF than patients
with HFrEF when they are taken into the cardiac units. This may have had an effect on the
prevalence and prognosis of CKD in these patients.

In study 1V, in analyses of MI and EF, a slightly reduced EF may be intermittent due to
stunning, and the HF signs may have been temporary which is why we have to be cautious to
extrapolate our results to a population of CHF. Regarding the MRA use; we do not know for
sure if the patients continued with their medication during follow-up or if untreated patients
were prescribed MRA later.

The EF measurements were according to local practice and not according to a core
laboratory.

Even though there are limitations, study I and Il included over 40,000 HF patients in Sweden
during more than 10 years, study 111 included the majority of hospitalized HF patients in
Stockholm during 5 years and study 1V included almost all patients with acute MI and HF
for a period of 10 years in a whole country, leading us to believe that the results should be
highly generalizable.
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CONCLUSIONS

In unselected HF patients:

« Half of the patients have at least a moderate decrease in kidney function classified as CKD.
 Within two years, over half of the patients will have WRF of at least 25%.

* CKD and WRF are common in all EF groups and most common in patients with HFpEF.

» CKD is associated with similar covariates regardless of EF.

* Variables related to more severe HF are predictive of WRF in all EF groups.

* There is a strong graded association between renal dysfunction and both short- and long-
term outcome.

* CKD is strongly associated with outcome in all EF groups, but less so in HFpEF than in
HFmrEF and HFrEF.

* WRF is a strong negative prognostic factor in all EF groups, although in HFpEF only in
patients with the most severe WRF.

In unselected patients with M1 and HF:

* MRA may be underused in patients with reduced EF.

* MRA use is associated with better survival in patients with reduced EF but not in patients
with preserved EF.

* The association between MRA use and outcome seems to be similar regardless of presence
or not of CKD.
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Clinical perspectives

As CKD is the strongest risk factor in HF and WRF may have an impact on survival over
many years it is an essential goal to preserve the kidney function in all HF patients. This
includes early relief of decongestion when the patient is admitted to hospital and avoiding
unnecessary examinations with contrast and nephrotoxic agents. As a simple measurement of
creatinine is an indicator of patient prognosis, it is important to be observant to the laboratory
tests. Estimation of GFR is easy and of uttermost value. Patients with HF and moderate renal
dysfunction (eGFR 30-59 ml/min/1.73 m2) should not have optimal HF treatment, including
MRA withheld. Collaboration with the nephrologists is important as are close-follow-up of
the patients with laboratory controls after adjustment of the medication. Identifying patients
at risk to prevent WRF may help in preserving renal function and improve clinical outcome.
We still lack guideline recommended treatment in HFpEF, which is why it is essential to
identify and treat the patients’ comorbidities to decrease the risk of progressive renal
dysfunction.

As CKD patients are at high risk of cardiovascular disease, early detection of cardiac
symptoms and treatment of risk factors are important. Even here is a close collaboration with
the cardiologist necessary so that the patients are not excluded from examinations and receive
optimal treatment to avoid ischemic events and HF.

Future studies

The renocardial part of CRS is less well described. It is unclear why some patients with CKD
develop HFpEF with a transition towards a hypertrophic phenotype while others develop
HFrEF in an earlier stage. These differences may be due to hemodynamic differences in
filling pressures, preload and afterload, in inflammatory state and possibly underlying
structural and premorbid differences that we do not know of and are in need of further
studies.

The potential of reversing HF and CKD in CRS is also less well studied. Studies of kidney
transplantation patients with HF have shown that EF may be improved when restoring renal
function but we are in need of more knowledge of the pathophysiologic factors involved to be
able to optimize patient selection (145).

Study IV implies that MRA may be used in the presence of CKD. Hopefully future RCTs of
HF medications will be able to include patients with more severe renal dysfunction as there is
a need for evidenced based treatment of patients with CKD.

38



Renal dysfunction in heart failure

ACKNOWLEDGEMENTS

| want to express my gratitude to everyone who has supported me and contributed to the
thesis, | especially wish to thank:

Tomas Jernberg, my main supervisor: for encouraging me, for sharing your ideas and
incredible intelligence, your ability to remember details and always focus on the essential in
the results, for your friendliness, and wise humor.

Karolina Szummer, my co-supervisor: for always being helpful and kind, for your analytic
way of working, for teaching me that no obstacles are too difficult, and for sharing your
enthusiasm for research.

Lars Lund, my co- supervisor: for your kind support, for sharing your vast knowledge of
heart failure and research, for your impressive creativity, and for your fast and clear
responses.

Henrik Olsson: for your help with the statistics in study V.
Tara Bourke: for your kind and skilled linguistic help.
UIf Dahlstrém and Magnus Edner: for your work with the SwedeHF registry.

Anders Ahlsson, head of Heart and Vascular Theme: for your wise understanding and
important support.

Frieder Braunschweig, head of Arrhythmia, Heart failure and Congenital heart disease: for
your kind support in both research and in the clinic.

Mats Jensen-Urstad: for your good advice and helpfulness.
Cecilia Linde and Fredrik Gadler, former heads of the Heart clinic: for your positive support.
Christer Sylvén and John Pernow: for creating stimulating scientific discussions.

Eva Mattsson, former head of Heart failure unit: for always feeling your support and kindness
and for facilitating the combination of research and clinical work.

Michael Melin, head of Heart failure unit: for our long friendship, for your incredible
kindness, support and understanding.

Inger Hagerman: for your encouragement both in the clinic and in research and for sharing
your impressive knowledge and clinical experience.

Ulla Weden: for our long friendship and for your warm-hearted support.
Magnus Nygren: for your support and kind helpfulness that has facilitated my research.

Aristomenis Manouras: for your friendly enthusiasm and for encouraging all research

projects.
39



Ida Léfman

Agneta Mansson-Broberg: for your positive encouragement.
Afrodite Psaros: for our friendship and our joyful and interesting walks and talks.

Johanna Granstrom for your impressive way of running the heart transplantation nurse unit
and Katarina Blom and Noella Ndayishimiye for taking so good care of our patients, enabling
me to focus on my thesis.

Erica Ottenblad: for your friendly support and for sharing your wise thoughts.
Kerstin Johansson: for all your kind help.

Gunilla Forstedt, Lotta Nylund and Birgitta Welin-Berger for giving me valuable advice
about research.

My all other engaged colleagues and nurses who inspire me to continue working with heart
failure, both in research and in the clinic.

My dear parents: for your love and care and for teaching me that achievements come by
interest and hard work.

My family Michael, Ingrid, Axel and Astrid: for your endless support and love.

40



Renal dysfunction in heart failure

REFERENCES

1. Damman K, Voors AA, Navis G, van Veldhuisen DJ, Hillege HL. The cardiorenal
syndrome in heart failure. Prog cardiovasc dis. 2011;54(2):144-53.

2. Cleland J. The EuroHeart Failure survey programme—a survey on the quality of care
among patients with heart failure in Europe Part 1: patient characteristics and diagnosis. Eur
Heart J. 2003;24(5):442-63.

3. Di Lullo L, House A, Gorini A, Santoboni A, Russo D, Ronco C. Chronic kidney disease
and cardiovascular complications. Heart failure reviews. 2014.

4. Coca SG, Krumholz HM, Garg AX, Parikh CR. Underrepresentation of renal disease in
randomized controlled trials of cardiovascular disease. JAMA : the journal of the American
Medical Association. 2006;296(11):1377-84.

5. Damman K, Valente MA, Voors AA, O'Connor CM, van Veldhuisen DJ, Hillege HL.
Renal impairment, worsening renal function, and outcome in patients with heart failure: an
updated meta-analysis. Eur Heart J. 2014;35(7):455-69.

6. Smith GL, Lichtman JH, Bracken MB, Shlipak MG, Phillips CO, DiCapua P, et al. Renal
impairment and outcomes in heart failure: systematic review and meta-analysis. J Am Coll of
Cardiol. 2006;47(10):1987-96.

7. Heywood JT, Fonarow GC, Costanzo MR, Mathur VS, Wigneswaran JR, Wynne J. High
prevalence of renal dysfunction and its impact on outcome in 118,465 patients hospitalized
with acute decompensated heart failure: a report from the ADHERE database. J Card Fail.
2007;13(6):422-30.

8. Velavan P, Khan NK, Goode K, Righy AS, Loh PH, Komajda M, et al. Predictors of short
term mortality in heart failure - insights from the Euro Heart Failure survey. Int J Cardiol.
2010;138(1):63-9.

9. Dries DL, Exner DV, Domanski MJ, Greenberg B, Stevenson LW. The prognostic
implications of renal insufficiency in asymptomatic and symptomatic patients with left
ventricular systolic dysfunction. J Am Coll Cardiol. 2000;35(3):681-9.

10. Hillege HL, Girbes ARJ, de Kam PJ, Boomsma F, de Zeeuw D, Charlesworth A, et al.
Renal Function, Neurohormonal Activation, and Survival in Patients With Chronic Heart
Failure. Circulation. 2000;102(2):203-10.

11. Winton FR. The influence of venous pressure on the isolated mammalian kidney. The
Journal of physiology. 1931;72(1):49-61.

41



Ida Léfman

12. Seymour WB, Pritchard WH, Longley LP, Hayman JM. Cardiac Output, Blood and
Interstitial Fluid Volumes, Total Circulating Serum Protein, and Kidney Function during
Cardiac Failure and after Improvement. J Clin Invest. 1942;21(2):229-40.

13. Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal syndrome. J Am
Coll Cardiol. 2008;52(19):1527-39.

14. Metra M, Cotter G, Gheorghiade M, Dei Cas L, Voors AA. The role of the kidney in
heart failure. Eur Heart J. 2012;33(17):2135-42.

15. Ronco C, Cicoira M, McCullough PA. Cardiorenal syndrome type 1: pathophysiological
crosstalk leading to combined heart and kidney dysfunction in the setting of acutely
decompensated heart failure. J Am Coll Cardiol. 2012;60(12):1031-42.

16. Damman K, van Deursen VM, Navis G, Voors AA, van Veldhuisen DJ, Hillege HL.
Increased central venous pressure is associated with impaired renal function and mortality in
a broad spectrum of patients with cardiovascular disease. J Am Coll Cardiol. 2009;53(7):582-
8.

17. Mullens W, Abrahams Z, Skouri HN, Francis GS, Taylor DO, Starling RC, et al. Elevated
intra-abdominal pressure in acute decompensated heart failure: a potential contributor to
worsening renal function? J Am Coll Cardiol. 2008;51(3):300-6.

18. Cruz DN, Schmidt-Ott KM, Vescovo G, House AA, Kellum JA, Ronco C, et al.
Pathophysiology of cardiorenal syndrome type 2 in stable chronic heart failure: workgroup
statements from the eleventh consensus conference of the Acute Dialysis Quality Initiative
(ADQI). Contributions to nephrology. 2013;182:117-36.

19. Burns WC, Thomas MC. Angiotensin Il and its role in tubular epithelial to mesenchymal
transition associated with chronic kidney disease. Cells Tissues Organs. 2011;193(1-2):74-
84.

20. Remuzzi G, Cattaneo D, Perico N: The aggravating mechanisms of aldosterone on kidney
fibrosis. J Am Soc Nephrol 2008; 19: 1459-1462.

21. Triposkiadis F, Karayannis G, Giamouzis G, Skoularigis J, Louridas G, Butler J. The
sympathetic nervous system in heart failure physiology, pathophysiology, and clinical
implications. J Am Coll Cardiol. 2009;54(19):1747-62.

22. Colombo PC, Banchs JE, Celaj S, Talreja A, Lachmann J, Malla S, et al. Endothelial cell
activation in patients with decompensated heart failure. Circulation. 2005;111(1):58-62.

23. Colombo PC, Ganda A, Lin J, Onat D, Harxhi A, lyasere JE, Uriel N, Cotter G:
Inflammatory activation: cardiac, renal, and cardio-renal interactions in patients with the

cardiorenal syndrome. Heart Fail Rev 2012; 17: 177-190.
42



Renal dysfunction in heart failure

24. Ter Maaten JM, Rao VS, Hanberg JS, Perry Wilson F, Bellumkonda L, Assefa M, et al.
Renal tubular resistance is the primary driver for loop diuretic resistance in acute heart
failure. Eur J Heart Fail. 2017.

25. Bagshaw SM, Hoste EA, Braam B, Briguori C, Kellum JA, McCullough PA, et al.
Cardiorenal syndrome type 3: pathophysiologic and epidemiologic considerations.
Contributions to nephrology. 2013;182:137-57.

26. Kelly KJ. Distant effects of experimental renal ischemia/reperfusion injury. Jo Am Soc
Nephrol : JASN. 2003;14(6):1549-58.

27. Clementi A, Virzi GM, Goh CY, Cruz DN, Granata A, Vescovo G, et al. Cardiorenal
syndrome type 4: a review. Cardiorenal Med. 2013;3(1):63-70.

28. Virzi GM, Clementi A, Brocca A, de Cal M, Marcante S, Ronco C. Cardiorenal
Syndrome Type 5 in Sepsis: Role of Endotoxin in Cell Death Pathways and Inflammation.
Kidney Blood Press Res. 2016;41(6):1008-15.

29. Casado J, Montero M, Formiga F, Carrera M, Urrutia A, Arevalo JC, et al. Clinical
characteristics and prognostic influence of renal dysfunction in heart failure patients with
preserved ejection fraction. Eur J Int Med. 2013;24(7):677-83.

30. Herzog CA, Muster HA, Li S, Collins AJ. Impact of congestive heart failure, chronic
kidney disease, and anemia on survival in the Medicare population. J Card Fail
2004;10(6):467-72.

31. Kao DP, Kreso E, Fonarow GC, Krantz MJ. Characteristics and outcomes among heart
failure patients with anemia and renal insufficiency with and without blood transfusions
(public discharge data from California 2000-2006). Am J Cardiol. 2011;107(1):69-73.

32. Valente MA, Hillege HL, Navis G, Voors AA, Dunselman PH, van Veldhuisen DJ, et al.
The Chronic Kidney Disease Epidemiology Collaboration equation outperforms the
Modification of Diet in Renal Disease equation for estimating glomerular filtration rate in
chronic systolic heart failure. Eur J Heart Fail. 2014;16(1):86-94.

33. KDIGO 2012 Clinical Practice Guideline for evaluation and management of chronic
kidney disease, Kidney Int Suppl 2013; 3: 1-150.

34. van der Velde M, Matsushita K, Coresh J, Astor BC, Woodward M, Levey A, et al.
Lower estimated glomerular filtration rate and higher albuminuria are associated with all-
cause and cardiovascular mortality. A collaborative meta-analysis of high-risk population
cohorts. Kidney Int. 2011;79(12):1341-52.

43



Ida Léfman

35. Lassus J, Harjola VP, Sund R, Siirila-Waris K, Melin J, Peuhkurinen K, et al. Prognostic
value of cystatin C in acute heart failure in relation to other markers of renal function and
NT-proBNP. Eur Heart J. 2007;28(15):1841-7.

36. Campbell CY, Clarke W, Park H, Hag N, Barone BB, Brotman DJ. Usefulness of cystatin
C and prognosis following admission for acute heart failure. Am J Cardiol. 2009;104(3):389-
92.

37. Cauthen CA, Lipinski MJ, Abbate A, Appleton D, Nusca A, Varma A, et al. Relation of
blood urea nitrogen to long-term mortality in patients with heart failure. Am J Cardiol.
2008;101(11):1643-7.

38. Obineche EN, Pathan JY, Fisher S, Prickett TC, Yandle TG, Frampton CM, et al.
Natriuretic peptide and adrenomedullin levels in chronic renal failure and effects of peritoneal
dialysis. Kidney Int. 2006;69(1):152-6.

39. Raine AE, Erne P, Burgisser E, Muller FB, Bolli P, Burkart F, et al. Atrial natriuretic
peptide and atrial pressure in patients with congestive heart failure. N Engl J Med.
1986;315(9):533-7.

40. Michtalik HJ, Yeh HC, Campbell CY, Hag N, Park H, Clarke W, et al. Acute changes in
N-terminal pro-B-type natriuretic peptide during hospitalization and risk of readmission and
mortality in patients with heart failure. Am J Cardiol 2011;107(8):1191-5.

41. Savarese G, Musella F, D'Amore C, Vassallo E, Losco T, Gambardella F, et al. Changes
of natriuretic peptides predict hospital admissions in patients with chronic heart failure: a
meta-analysis. JACC Heart failure. 2014;2(2):148-58.

42. Brouwers FP, de Boer RA, van der Harst P, Voors AA, Gansevoort RT, Bakker SJ, et al.
Incidence and epidemiology of new onset heart failure with preserved vs. reduced ejection
fraction in a community-based cohort: 11-year follow-up of PREVEND. Eur Heart J.
2013;34(19):1424-31.

43. Nayor M, Larson MG, Wang N, Santhanakrishnan R, Lee DS, Tsao CW, et al. The
association of chronic kidney disease and microalbuminuria with heart failure with preserved
vs. reduced ejection fraction. Eur J Heart Fail. 2017;19(5):615-23.

44, van de Wal RM, Asselbergs FW, Plokker HW, Smilde TD, Lok D, van Veldhuisen DJ, et
al. High prevalence of microalbuminuria in chronic heart failure patients. J Card F.
2005;11(8):602-6.

45. Association of estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: a collaborative meta-analysis. The
Lancet. 2010;375(9731):2073-81.

44



Renal dysfunction in heart failure

46. de Boer RA, Nayor M, deFilippi CR, Enserro D, Bhambhani V, Kizer JR, et al.
Association of Cardiovascular Biomarkers With Incident Heart Failure With Preserved and
Reduced Ejection Fraction. JAMA Cardiol. 2018;3(3):215-24.

47. Anker SD, Colet JC, Filippatos G, Willenheimer R, Dickstein K, Drexler H, et al.
Rationale and design of Ferinject assessment in patients with IRon deficiency and chronic
Heart Failure (FAIR-HF) study: a randomized, placebo-controlled study of intravenous iron
supplementation in patients with and without anaemia. Eur J Heart Fail .2009;11(11):1084-
91.

48. Anand IS, Chandrashekhar Y, Ferrari R, Poole-Wilson PA, Harris PC. Pathogenesis of
oedema in chronic severe anaemia: studies of body water and sodium, renal function,
haemodynamic variables, and plasma hormones. British heart journal. 1993;70(4):357-62.

49. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, et al. Kidney
disease as a risk factor for development of cardiovascular disease: a statement from the
American Heart Association Councils on Kidney in Cardiovascular Disease, High Blood
Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation.
2003;108(17):2154-69.

50. Greco BA, Breyer JA. Atherosclerotic ischemic renal disease. American journal of kidney
diseases : the official journal of the National Kidney Foundation. 1997;29(2):167-87.

51. van Deursen VM, Urso R, Laroche C, Damman K, Dahlstrom U, Tavazzi L, et al. Co-
morbidities in patients with heart failure: an analysis of the European Heart Failure Pilot
Survey. Eur J Heart Fail. 2014;16(1):103-11.

52. Damman K, Voors AA, Hillege HL, Navis G, Lechat P, van Veldhuisen DJ, et al.
Congestion in chronic systolic heart failure is related to renal dysfunction and increased
mortality. Eur J Heart Fail. 2010;12(9):974-82.

53. McAlister FA, Ezekowitz J, Tonelli M, Armstrong PW. Renal insufficiency and heart
failure: prognostic and therapeutic implications from a prospective cohort study. Circulation.
2004;109(8):1004-9.

54. Ather S, Chan W, Bozkurt B, Aguilar D, Ramasubbu K, Zachariah AA, et al. 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.
2012;59(11):998-1005.

55. Hillege HL, Nitsch D, Pfeffer MA, Swedberg K, McMurray JJ, Yusuf S, et al. Renal
function as a predictor of outcome in a broad spectrum of patients with heart failure.
Circulation. 2006;113(5):671-8.

45



Ida Léfman

56. Borlaug BA, Redfield MM. Diastolic and systolic heart failure are distinct phenotypes
within the heart failure spectrum. Circulation. 2011;123(18):2006-13; discussion 14.

57. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC
Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force
for the diagnosis and treatment of acute and chronic heart failure of the European Society of
Cardiology (ESC) Developed with the special contribution of the Heart Failure Association
(HFA) of the ESC. Eur Heart J. 2016.

58. Lee DS, Gona P, Vasan RS, Larson MG, Benjamin EJ, Wang TJ, et al. Relation of
disease pathogenesis and risk factors to heart failure with preserved or reduced ejection
fraction: insights from the framingham heart study of the national heart, lung, and blood
institute. Circulation. 2009;119(24):3070-7.

59. Mentz RJ, Kelly JP, von Lueder TG, Voors AA, Lam CS, Cowie MR, et al. Noncardiac
Comorbidities in Heart Failure With Reduced Versus Preserved Ejection Fraction. J Am Coll
Cardiol 2014;64(21):2281-93.

60. Lund LH, Donal E, Oger E, Hage C, Persson H, Haugen-Lofman I, et al. Association
between cardiovascular vs. non-cardiovascular co-morbidities and outcomes in heart failure
with preserved ejection fraction. Eur J Heart Fail. 2014;16(9):992-1001.

61. Paulus WJ, Tschope C. A novel paradigm for heart failure with preserved ejection
fraction: comorbidities drive myocardial dysfunction and remodeling through coronary
microvascular endothelial inflammation. J Am Coll Cardiol. 2013;62(4):263-71.

62. Lam CS, Brutsaert DL. Endothelial dysfunction: a pathophysiologic factor in heart failure
with preserved ejection fraction. J Am Coll Cardiol. 2012;60(18):1787-9.

63. Glezeva N, Baugh JA. Role of inflammation in the pathogenesis of heart failure with
preserved ejection fraction and its potential as a therapeutic target. Heart Failure reviews.
2014;19(5):681-94.

64. Gorter TM, van Veldhuisen DJ, Bauersachs J, Borlaug BA, Celutkiene J, Coats AJS, et
al. Right heart dysfunction and failure in heart failure with preserved ejection fraction:
mechanisms and management. Position statement on behalf of the Heart Failure Association
of the European Society of Cardiology. Eur J Heart Fail. 2018;20(1):16-37.

65. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K, et al.
ESC guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: The
Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the
European Society of Cardiology. Developed in collaboration with the Heart Failure
Association (HFA) of the ESC. Eur J Heart Fail. 2012;14(8):803-69.

46



Renal dysfunction in heart failure

66. Lam CS, Solomon SD. The middle child in heart failure: heart failure with mid-range
ejection fraction (40-50%). Eur J Heart Fail. 2014;16(10):1049-55.

67. Lund LH. Heart Failure With "Mid-Range" Ejection Fraction-New Opportunities.
Journal of cardiac failure. 2016.

68. Damman K, Masson S, Lucci D, Gorini M, Urso R, Maggioni AP, et al. Progression of
Renal Impairment and Chronic Kidney Disease in Chronic Heart Failure: An Analysis From
GISSI-HF. Journal of cardiac failure. 2017;23(1):2-9.

69. Halbesma N, Brantsma AH, Bakker SJ, Jansen DF, Stolk RP, De Zeeuw D, et al. Gender
differences in predictors of the decline of renal function in the general population. Kidney Int.
2008;74(4):505-12.

70. Blair JE, Pang PS, Schrier RW, Metra M, Traver B, Cook T, et al. Changes in renal
function during hospitalization and soon after discharge in patients admitted for worsening
heart failure in the placebo group of the EVEREST trial. Eur Heart J. 2011;32 (20):2563-72.

71. KDIGO 2012 Clinical Practice Guideline for evaluation and management of acute kidney
injury, Kidney Int Suppl 2012; 2: 1-138.

72. Forman DE, Butler J, Wang Y, Abraham WT, O'Connor CM, Gottlieb SS, et al.
Incidence, predictors at admission, and impact of worsening renal function among patients
hospitalized with heart failure. J Am Coll Cardiol. 2004;43(1):61-7.

73. Krumholz HM, Chen YT, Vaccarino V, Wang Y, Radford MJ, Bradford WD, et al.
Correlates and impact on outcomes of worsening renal function in patients > or =65 years of
age with heart failure. Am J Cardiol. 2000;85(9):1110-3.

74. Aronson D, Burger AJ. The relationship between transient and persistent worsening renal
function and mortality in patients with acute decompensated heart failure. J Card Fail.
2010;16(7):541-7.

75. Testani JM, Chen J, McCauley BD, Kimmel SE, Shannon RP. Potential effects of
aggressive decongestion during the treatment of decompensated heart failure on renal
function and survival. Circulation. 2010;122(3):265-72.

76. Metra M, Davison B, Bettari L, Sun H, Edwards C, Lazzarini V, et al. Is worsening renal
function an ominous prognostic sign in patients with acute heart failure? The role of
congestion and its interaction with renal function. Circulation Heart failure. 2012;5(1):54-62.

77. Damman K, Jaarsma T, Voors AA, Navis G, Hillege HL, van Veldhuisen DJ, et al. Both
in- and out-hospital worsening of renal function predict outcome in patients with heart

47



Ida Léfman

failure: results from the Coordinating Study Evaluating Outcome of Advising and Counseling
in Heart Failure (COACH). Eur J Heart Fail 2009;11(9):847-54.

78. Ueda T, Kawakami R, Sugawara Y, Okada S, Nishida T, Onoue K, et al. Worsening of
renal function during 1 year after hospital discharge is a strong and independent predictor of
all-cause mortality in acute decompensated heart failure. J Am Heart Ass. 2014;3(6):e001174.

79. de Silva R, Nikitin NP, Witte KK, Rigby AS, Goode K, Bhandari S, et al. Incidence of
renal dysfunction over 6 months in patients with chronic heart failure due to left ventricular
systolic dysfunction: contributing factors and relationship to prognosis. Eur Heart J.
2006;27(5):569-81.

80. Thorvaldsen T, Benson L, Dahlstrom U, Edner M, Lund LH. Use of evidence-based
therapy and survival in heart failure in Sweden 2003-2012. Eur J Heart Fail. 2016;18(5):503-
11.

81. Harjola VP, Follath F, Nieminen MS, Brutsaert D, Dickstein K, Drexler H, et al.
Characteristics, outcomes, and predictors of mortality at 3 months and 1 year in patients
hospitalized for acute heart failure. Eur J Heart Fail. 2010;12(3):239-48.

82. Quiroz R, Doros G, Shaw P, Liang CS, Gauthier DF, Sam F. Comparison of
characteristics and outcomes of patients with heart failure preserved ejection fraction versus
reduced left ventricular ejection fraction in an urban cohort. Am J Cardiol.2014;113(4):691-6.

83. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC, Committee ASA, et
al. Clinical presentation, management, and in-hospital outcomes of patients admitted with
acute decompensated heart failure with preserved systolic function: a report from the Acute
Decompensated Heart Failure National Registry (ADHERE) Database. J Am Coll Cardiol.
2006;47(1):76-84.

84. Pocock SJ, Wang D, Pfeffer MA, Yusuf S, McMurray JJ, Swedberg KB, et al. Predictors
of mortality and morbidity in patients with chronic heart failure. Eur Heart J. 2006;27(1):65-
75.

85. McClellan WM. Anemia and Renal Insufficiency Are Independent Risk Factors for Death
among Patients with Congestive Heart Failure Admitted to Community Hospitals: A
Population-Based Study. J Am Soc Nephrol. 2002;13(7):1928-36.

86. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the
risks of death, cardiovascular events, and hospitalization. N Engl J Med 2004;351(13):1296-
305.

48



Renal dysfunction in heart failure

87. Hillege HL, Girbes AR, de Kam PJ, Boomsma F, de Zeeuw D, Charlesworth A, et al.
Renal function, neurohormonal activation, and survival in patients with chronic heart failure.
Circulation. 2000;102(2):203-10.

88. Meta-analysis Global Group in Chronic Heart F. The survival of patients with heart
failure with preserved or reduced left ventricular ejection fraction: an individual patient data
meta-analysis. Eur Heart J. 2012;33(14):1750-7.

89. McAlister FA, Ezekowitz J, Tarantini L, Squire I, Komajda M, Bayes-Genis A, et al.
Renal dysfunction in patients with heart failure with preserved versus reduced ejection
fraction: impact of the new Chronic Kidney Disease-Epidemiology Collaboration Group
formula. Circulation Heart failure. 2012;5(3):309-14.

90. Anand IS, Bishu K, Rector TS, Ishani A, Kuskowski MA, Cohn JN. Proteinuria, chronic
kidney disease, and the effect of an angiotensin receptor blocker in addition to an
angiotensin-converting enzyme inhibitor in patients with moderate to severe heart failure.
Circulation. 2009;120(16):1577-84.

91. Mann JF, Gerstein HC, Yi QL, Lonn EM, Hoogwerf BJ, Rashkow A, et al. Development
of renal disease in people at high cardiovascular risk: results of the HOPE randomized study.
J Am Soc Nephrol : JASN. 2003;14(3):641-7.

92. Castagno D, Jhund PS, McMurray JJ, Lewsey JD, Erdmann E, Zannad F, et al. Improved
survival with bisoprolol in patients with heart failure and renal impairment: an analysis of the
cardiac insufficiency bisoprolol study Il (CIBIS-II) trial. Eur J Heart Fail. 2010;12(6):607-
16.

93. Clark H, Krum H, Hopper I. Worsening renal function during renin-angiotensin-
aldosterone system inhibitor initiation and long-term outcomes in patients with left
ventricular systolic dysfunction. Eur J Heart Fail. 2014;16(1):41-8.

94. Damman K, Perez AC, Anand IS, Komajda M, McKelvie RS, Zile MR, et al. Worsening
renal function and outcome in heart failure patients with preserved ejection fraction and the
impact of angiotensin receptor blocker treatment. J Am Coll Cardiol. 2014;64(11):1106-13.

95. Damman K, Solomon SD, Pfeffer MA, Swedberg K, Yusuf S, Young JB, et al.
Worsening renal function and outcome in heart failure patients with reduced and preserved
ejection fraction and the impact of angiotensin receptor blocker treatment: data from the
CHARM-study programme. Eur J Heart Fail. 2016;18(12):1508-17.

96. Beldhuis IE, Streng KW, Ter Maaten JM, Voors AA, van der Meer P, Rossignol P, et al.
Renin-Angiotensin System Inhibition, Worsening Renal Function, and Outcome in Heart
Failure Patients With Reduced and Preserved Ejection Fraction: A Meta-Analysis of

Published Study Data. Circulation Heart failure. 2017;10(2).
49



Ida Léfman

97. Brown NJ. Contribution of aldosterone to cardiovascular and renal inflammation and
fibrosis. Nature reviews Nephrology. 2013;9(8):459-609.

98. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of
spironolactone on morbidity and mortality in patients with severe heart failure. Randomized
Aldactone Evaluation Study Investigators. N Engl J Med. 1999;341(10):709-17.

99. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. Eplerenone, a
selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial
infarction. N Engl J Med. 2003;348(14):1309-21.

100. Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand 1S, Claggett B, et al.
Spironolactone for heart failure with preserved ejection fraction. N Engl J Med
2014;370(15):1383-92.

101. Pfeffer MA, Claggett B, Assmann SF, Boineau R, Anand IS, Clausell N, et al. Regional
variation in patients and outcomes in the Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist (TOPCAT) trial. Circulation. 2015;131(1):34-42.

102. Rossignol P, Dobre D, McMurray JJ, Swedberg K, Krum H, van Veldhuisen DJ, et al.
Incidence, determinants, and prognostic significance of hyperkalemia and worsening renal
function in patients with heart failure receiving the mineralocorticoid receptor antagonist
eplerenone or placebo in addition to optimal medical therapy: results from the Eplerenone in
Mild Patients Hospitalization and Survival Study in Heart Failure (EMPHASIS-HF).
Circulation Heart failure. 2014;7(1):51-8.

103. Jonsson A, Edner M, Alehagen U, Dahlstrom U. Heart failure registry: a valuable tool
for improving the management of patients with heart failure. Eur J Heart Fail 2010;12(1):25-
31.

104. Runesson B, Gasparini A, Qureshi AR, Norin O, Evans M, Barany P, et al. The
Stockholm CREAtinine Measurements (SCREAM) project: protocol overview and regional
representativeness. Clinical kidney journal. 2016;9(1):119-27.

105. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, et al. The
Swedish Web-system for enhancement and development of evidence-based care in heart
disease evaluated according to recommended therapies (SWEDEHEART). Heart (British
Cardiac Society). 2010;96(20):1617-21.

106. SWEDEHEART Annual Report 2017

107. Smilde TD, Damman K, van der Harst P, et al: Differential associations between renal
function and “modifiable” risk factors in patients with chronic heart failure. Clin Res Cardiol
2009;98:121-129.

50



Renal dysfunction in heart failure

108. Braam B, Joles JA, Danishwar AH, Gaillard CA. Cardiorenal syndrome--current
understanding and future perspectives. Nature reviews Nephrology. 2014;10(1):48-55.

109. Manttari M, Tiula E, Alikoski T, Manninen V. Effects of hypertension and dyslipidemia
on the decline in renal function. Hypertension. 1995;26(4):670-5.

110. Jerums G, Premaratne E, Panagiotopoulos S, Maclsaac RJ. The clinical significance of
hyperfiltration in diabetes. Diabetologia. 2010;53(10):2093-104.

111. Damman K, van Veldhuisen DJ, Hillege HL. Cardiac resynchronization therapy
improves renal function: importance of forward and backward failure. J Card Fail.
2009;15(1):78-9; author reply 9-80.

112. Damman K, Van Veldhuisen DJ, Navis G, Vaidya VS, Smilde TD, Westenbrink BD, et
al. Tubular damage in chronic systolic heart failure is associated with reduced survival
independent of glomerular filtration rate. Heart (British Cardiac Society). 2010;96(16):1297-
302.

113. Gori M, Senni M, Gupta DK, Charytan DM, Kraigher-Krainer E, Pieske B, et al.
Association between renal function and cardiovascular structure and function in heart failure
with preserved ejection fraction. Eur Heart J. 2014;35(48):3442-51.

114. Ter Maaten JM, Damman K, Verhaar MC, Paulus WJ, Duncker DJ, Cheng C, et al.
Connecting heart failure with preserved ejection fraction and renal dysfunction: the role of
endothelial dysfunction and inflammation. Eur J Heart Fail. 2016.

115. Klein DA, Katz DH, Beussink-Nelson L, Sanchez CL, Strzelczyk TA, Shah SJ.
Association of Chronic Kidney Disease With Chronotropic Incompetence in Heart Failure
With Preserved Ejection Fraction. Am J Cardiol. 2015;116(7):1093-100.

116. Unger ED, Dubin RF, Deo R, Daruwalla V, Friedman JL, Medina C, et al. Association
of chronic kidney disease with abnormal cardiac mechanics and adverse outcomes in patients
with heart failure and preserved ejection fraction. Eur J Heart Fail 2016;18(1):103-12.

117. Smith DH, Thorp ML, Gurwitz JH, McManus DD, Goldberg RJ, Allen LA, et al.
Chronic kidney disease and outcomes in heart failure with preserved versus reduced ejection
fraction: the Cardiovascular Research Network PRESERVE Study. Circulation
Cardiovascular quality and outcomes. 2013;6(3):333-42.

118. Nauta JF, Hummel YM, van Melle JP, van der Meer P, Lam CSP, Ponikowski P, et al.
What have we learned about heart failure with mid-range ejection fraction one year after its
introduction? Eur J Heart Fail. 2017;19(12):1569-73.

51



Ida Léfman

119. Rastogi A, Novak E, Platts AE, Mann DL. Epidemiology, pathophysiology and clinical
outcomes for heart failure patients with a mid-range ejection fraction. Eur J Heart Fail.
2017;19(12):1597-605.

120. Vedin O, Lam CSP, Koh AS, Benson L, Teng THK, Tay WT, et al. Significance of
Ischemic Heart Disease in Patients With Heart Failure and Preserved, Midrange, and
Reduced Ejection Fraction: A Nationwide Cohort Study. Circulation, Heart failure.
2017;10(6).

121. Dahlstrom U. Frequent non-cardiac comorbidities in patients with chronic heart failure.
Eur J Heart Fail. 2005;7(3):309-16.

122. Shlipak MG, Fried LF, Cushman M, Manolio TA, Peterson D, Stehman-Breen C, et al.
Cardiovascular mortality risk in chronic kidney disease: comparison of traditional and novel
risk factors. J Am Med Ass. 2005;293(14):1737-45.

123. Szummer K, Lundman P, Jacobson SH, Schon S, Lindback J, Stenestrand U, et al.
Relation between renal function, presentation, use of therapies and in-hospital complications
in acute coronary syndrome: data from the SWEDEHEART register. J Intern Med.
2010;268(1):40-9.

124. Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi H, et al.
Eplerenone in patients with systolic heart failure and mild symptoms. New Engl J Med
2011;364(1):11-21.

125. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017
ESC Guidelines for the management of acute myocardial infarction in patients presenting
with ST-segment elevation: The Task Force for the management of acute myocardial
infarction in patients presenting with ST-segment elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2017.

126. Rao KK, Enriquez JR, de Lemos JA, Alexander KP, Chen AY, McGuire DK, et al. Use
of aldosterone antagonists at discharge after myocardial infarction: results from the National
Cardiovascular Data Registry Acute Coronary Treatment and Intervention Outcomes
Network (ACTION) Registry-Get with the Guidelines (GWTG). Am Heart J.
2013;166(4):709-15.

127. Solomon SD, Claggett B, Lewis EF, Desai A, Anand I, Sweitzer NK, et al. Influence of
ejection fraction on outcomes and efficacy of spironolactone in patients with heart failure
with preserved ejection fraction. Eur Heart J. 2016;37(5):455-62.

128. Berbenetz NM, Mrkobrada M. Mineralocorticoid receptor antagonists for heart failure:
systematic review and meta-analysis. BMC Cardiovasc Disord. 2016;16(1):246.

52



Renal dysfunction in heart failure

129. Cleland JG, Pellicori P, Dierckx R. Clinical trials in patients with heart failure and
preserved left ventricular ejection fraction. Heart Fail Clin. 2014;10(3):511-23.

130. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJV, et al. Effects
of candesartan in patients with chronic heart failure and preserved left-ventricular ejection
fraction: the CHARM-Preserved Trial. The Lancet. 2003;362(9386):777-81.

131. Anand IS, Rector TS, Cleland JG, Kuskowski M, McKelvie RS, Persson H, et al.
Prognostic value of baseline plasma amino-terminal pro-brain natriuretic peptide and its
interactions with irbesartan treatment effects in patients with heart failure and preserved
gjection fraction: findings from the I-PRESERVE trial. Circulation, Heart failure.
2011;4(5):569-77.

132. Hamaguchi S, Kinugawa S, Sobirin MA, Goto D, Tsuchihashi-Makaya M, Yamada S, et
al. Mode of Death in Patients With Heart Failure and Reduced vs. Preserved Ejection
Fraction. Circulation Journal. 2012;76(7):1662-9.

133. Swedberg K, Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Shi H, et al.
Eplerenone and atrial fibrillation in mild systolic heart failure: results from the EMPHASIS-
HF (Eplerenone in Mild Patients Hospitalization And Survlval Study in Heart Failure) study.
J Am Coll Cardiol. 2012;59(18):1598-603.

134. Tonelli M, Wiebe N, Culleton B, House A, Rabbat C, Fok M, et al. Chronic kidney
disease and mortality risk: a systematic review. J Am Soc Nephrol: JASN. 2006;17(7):2034-
47.

135. Edwards NC, Steeds RP, Stewart PM, Ferro CJ, Townend JN. Effect of spironolactone
on left ventricular mass and aortic stiffness in early-stage chronic kidney disease: a
randomized controlled trial. J Am Coll Cardiol. 2009;54(6):505-12.

136. Lu R, Zhang Y, Zhu X, Fan Z, Zhu S, Cui M, et al. Effects of mineralocorticoid receptor
antagonists on left ventricular mass in chronic kidney disease patients: a systematic review
and meta-analysis. Int Urol Nephrol. 2016;48(9):1499-5009.

137. Matsumoto Y, Mori Y, Kageyama S, Arihara K, Sugiyama T, Ohmura H, et al.
Spironolactone reduces cardiovascular and cerebrovascular morbidity and mortality in
hemodialysis patients. J Am Coll Cardiol. 2014;63(6):528-36.

138. Vardeny O, Wu DH, Desai A, Rossignol P, Zannad F, Pitt B, et al. Influence of baseline
and worsening renal function on efficacy of spironolactone in patients With severe heart
failure: insights from RALES (Randomized Aldactone Evaluation Study). J Am Coll Cardiol.
2012;60(20):2082-9.

53



Ida Léfman

139. Eschalier R, McMurray JJ, Swedberg K, van Veldhuisen DJ, Krum H, Pocock SJ, et al.
Safety and efficacy of eplerenone in patients at high risk for hyperkalemia and/or worsening
renal function: analyses of the EMPHASIS-HF study subgroups (Eplerenone in Mild Patients
Hospitalization And Survlval Study in Heart Failure). J Am Coll Cardiol 2013;62(17):1585-
93.

140. Georgianos PI, Agarwal R. Revisiting RAAS blockade in CKD with newer potassium-
binding drugs. Kidney Int. 2018;93(2):325-34.

141. Savarese G, Carrero JJ, Pitt B, Anker SD, Rosano GMC, Dahlstrom U, et al. Factors
associated with underuse of mineralocorticoid receptor antagonists in heart failure with
reduced ejection fraction: an analysis of 11 215 patients from the Swedish Heart Failure
Registry. Eur J Heart Fail. 2018.

142. Paulus WJ, Tschope C, Sanderson JE, Rusconi C, Flachskampf FA, Rademakers FE, et
al. How to diagnose diastolic heart failure: a consensus statement on the diagnosis of heart
failure with normal left ventricular ejection fraction by the Heart Failure and
Echocardiography Associations of the European Society of Cardiology. Eur Heart J.
2007;28(20):2539-50.

143. Fang JC. Heart Failure With Preserved Ejection Fraction: A Kidney Disorder?
Circulation. 2016;134(6):435-7.

144, Caruana L, Petrie MC, Davie AP, McMurray JJ. Do patients with suspected heart failure
and preserved left ventricular systolic function suffer from "diastolic heart failure™ or from
misdiagnosis? A prospective descriptive study. BMJ, Clinical research ed. 2000;321(7255):2

145. R. Zoltya, P. J. Hynesb and T. J. Vittorioa. Severe left ventricular systolic dysfunction
may reverse with renal transplantation: uremic cardiomyopathy and cardiorenal Syndrome.
American Journal of Transplantation 2008; 8: 22192224

54



