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ABSTRACT
BACKGROUND Worsening renal function (WRF) associated with renin-angiotensin-aldosterone system (RAAS)
inhibition does not confer excess risk in heart failure patients with reduced ejection fraction (HFrEF).
OBJECTIVES The goal of this study was to investigate the relationship between WRF and outcomes in heart failure
patients with preserved ejection fraction (HFpEF) and the interaction with RAAS blockade.
METHODS In 3,595 patients included in the I-PRESERVE (Irbesartan in Heart Failure With Preserved Ejection Fraction)
trial, change in estimated glomerular ﬁltration rate (eGFR) and development of WRF after initiation of irbesartan or
placebo were examined. We examined the association between WRF and the ﬁrst occurrence of cardiovascular death or
heart failure hospitalization (primary outcome in this analysis) and the interaction with randomized treatment.
RESULTS Estimated GFR decreased early with irbesartan treatment and remained signiﬁcantly lower than in the placebo
group. WRF developed in 229 (6.4%) patients and occurred more frequently with irbesartan treatment (8% vs. 4%).
Overall, WRF was associated with an increased risk of the primary outcome (adjusted hazard ratio [HR]: 1.43; 95%
conﬁdence interval [CI]: 1.10 to 1.85; p ¼ 0.008). Although the risk related to WRF was greater in the irbesartan group
(HR: 1.66; 95% CI: 1.21 to 2.28; p ¼ 0.002) than with placebo (HR: 1.09; 95% CI: 0.66 to 1.79; p ¼ 0.73), the interaction
between treatment and WRF on outcome was not signiﬁcant in an adjusted analysis.
CONCLUSIONS The incidence of WRF in HFpEF was similar to that previously reported in HFrEF but more frequent with
irbesartan than with placebo. WRF after initiation of irbesartan treatment in HFpEF was associated with excess risk, in
contrast to WRF occurring with RAAS blockade in HFrEF. (J Am Coll Cardiol 2014;64:1106–13) © 2014 by the American
College of Cardiology Foundation.
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eterioration of renal function over time,

between baseline and 8 weeks (the period

ABBREVIATIONS

termed worsening renal function (WRF), is

during which forced titration of randomized

AND ACRONYMS

associated with worse outcomes in patients

treatment occurred). In addition, as sensi-

with acute and chronic heart failure (HF) (1). Although

tivity analyses, we also calculated WRF

this association has been established in patients with

deﬁned as an absolute increase in SCr $26.5

HF with reduced ejection fraction (HFrEF), no data

mmol/l or a reduction in eGFR $20%, all at 8

exist regarding the relationship between WRF and out-

weeks. Finally, we assessed early WRF 2

comes in HF patients with preserved ejection fraction

weeks

(HFpEF). Furthermore, controversy persists about

deﬁnition.

whether WRF is always associated with poor outcome.
Recent studies suggest that the cause of renal function
decline, the circumstances under which it occurs, and
the concomitant therapy used may be far more important than the actual occurrence of WRF itself (2–4).
Notably, WRF after initiation of renin-angiotensinaldosterone system (RAAS) inhibitors in clinical trials
has not been associated with poor outcome, but WRF
is prognostic when it occurs in the placebo group
(5–8). Furthermore, the beneﬁt associated with RAAS
blockade was observed in both patients with and
without WRF, implying that WRF does not alter the
beneﬁt of therapy.

after

randomization

for

each

primary outcome was the ﬁrst occurrence of
cardiovascular death or HF hospitalization.
Secondary outcomes included all-cause morHF hospitalization, the

endpoint

HF = heart failure
HFpEF = heart failure with
preserved ejection fraction

HFrEF = heart failure with
reduced ejection fraction

OUTCOMES. For the present analysis, the

tality,

eGFR = estimated glomerular
ﬁltration rate

of

all-cause

combined

mortality

or

HF

MAP = mean arterial blood
pressure

MRA = mineralocorticoid
receptor antagonist

NT-proBNP = N-terminal pro–
B-type natriuretic peptide

RAAS = renin-angiotensin-

hospitalization, and the primary endpoint of

aldosterone system

the I-PRESERVE trial, which was the com-

SCr = serum creatinine

posite of all-cause mortality or ﬁrst hospital-

WRF = worsening renal

ization for a protocol-speciﬁed adjudicated

function

cardiovascular hospitalization (deﬁned as worsening
HF, unstable angina, myocardial infarction, ventricular arrhythmia, atrial arrhythmia, or stroke). All

SEE PAGE 1114

In the present study, we investigated change in

outcomes were adjudicated by an independent clinical endpoint committee.

estimated glomerular ﬁltration rate (eGFR) over time,

STATISTICAL

the occurrence of WRF and its association with

mean  SD when normally distributed, as median and

clinical outcomes, and interaction with randomized

interquartile

treatment in patients with HFpEF included in the

skewed, and as frequencies and percentages for

I-PRESERVE (Irbesartan in Heart Failure With Pre-

categorical variables. The Student t test or Mann-

served Ejection Fraction) trial.

Whitney U tests were used to determine signiﬁcant

PATIENTS AND METHODS

ANALYSIS. Data

ranges

when

the

are

reported

distribution

as
was

differences in variables between patients with and
without WRF in both treatment groups. Logistic
regression was used to determine odds ratios for the

The design and results of I-PRESERVE have been
published previously (9). In brief, 4,128 patients $60

occurrence of WRF at 8 weeks. Change in renal function over time was assessed by using repeated anal-

years of age, with signs and symptoms of HF and a

ysis mixed-effect modeling. Multivariable modeling

preserved left ventricular ejection fraction ($45%)

was adjusted for variables previously shown to be of

were randomized to receive placebo or irbesartan

prognostic value in this population (10).

300 mg once daily. Patients were started on 75 mg of

Covariates adjusted for as ﬁxed effects were: age;

irbesartan or placebo once daily. The dose was

sex; race; etiology of HF; New York Heart Association

doubled to 150 mg after 1 to 2 weeks and doubled

functional class; left ventricular ejection fraction;

again to 300 mg after an additional 1 to 2 weeks, as

systolic and diastolic blood pressures; heart rate;

tolerated. Patients with a baseline serum creatinine

history of myocardial infarction, hypertension, atrial

(SCr) level >221 m mol/l (2.5 mg/dl) were excluded
from the study. Patients with an SCr measurement at

ﬁbrillation, stroke, and diabetes; baseline medical
therapy (angiotensin-converting enzyme inhibitor,

baseline and at the visit 8 weeks after randomization

beta-blocker, diuretics, digoxin, and spironolactone);

were included in the present analysis.

and measurement of N-terminal pro–B-type natri-

GFR AND WRF. The eGFR was calculated by using the

uretic peptide (NT-proBNP, logarithmically trans-

simpliﬁed Modiﬁcation of Diet in Renal Disease for-

formed). Patients were included as random effects,

mula at baseline and subsequent visits (2 and 8 weeks

and time was modeled linearly. A Cox proportional

and 6, 18, and 30 months). WRF was deﬁned as an

hazards model was used to estimate hazard ratios

absolute increase in SCr of $26.5 m mol/l ($0.3 mg/dl),

with 95% conﬁdence intervals for the occurrence of

together with a relative increase in SCr of $25%

the primary and all secondary endpoints. WRF was
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entered into the model as a categorical variable.

Baseline

Interaction terms with treatment (WRF  treatment)

Compared with the entire I-PRESERVE study popu-

characteristics

are

shown

in

Table

1.

were analyzed for each deﬁnition of WRF separately.

lation, these patients had a slightly higher mean

Kaplan-Meier survival curves were plotted showing

baseline SCr level but a similar eGFR, were more

outcomes in patients who did or did not ex-

frequently male, and more often had ischemic heart

perience WRF in both treatment groups. A 2-tailed

disease, diabetes, and atrial ﬁbrillation (data not

p value <0.05 was considered signiﬁcant, except for

shown).

interactions in which p < 0.10 was considered sig-

CHANGE IN EGFR AND WRF. During the study, mean

niﬁcant. We chose a liberal cutoff point for the

eGFR decreased from 73  23 to 68  21 ml/min/

p value of signiﬁcant interactions to allow better

1.73 m 2 at 30 months. This ﬁnding translates into a

discrimination between false-negative and clinically

change in eGFR of –2.2  7.3 ml/min/1.73 m 2 per year.

signiﬁcant interactions in light of the low event rates.

Figure 1 displays the trends of eGFR over time in pa-

Statistical analyses were performed by using Stata

tients randomized to receive placebo or irbesartan. A

version 12.0 (Stata Corp., College Station, Texas).

signiﬁcant difference between the 2 treatment groups
persisted throughout the entire study period. The

RESULTS

mean overall decrease in eGFR in the placebo group

A total of 3,595 patients (87% of all randomized pa-

1.73 m 2 in the irbesartan group (p < 0.001) at 30

tients) with an SCr measurement available at both

months. Patients in the irbesartan group experienced

baseline and 8 weeks formed the study population.

a rapid, small initial decrease in eGFR; both groups

was –3.4  23 ml/min/1.73 m 2 versus –7.2  23 ml/min/

T A B L E 1 Baseline Characteristics of Patients With and Without WRF

Irbesartan

Patients

WRF

No WRF

153 (8)

1,659 (92)

Placebo
p Value

WRF

No WRF

76 (4)

1,707 (96)

p Value

Age, yrs

73  7

71  7

0.06

72  7

72  7

Male

76 (50)

647 (39)

0.001

32 (42)

647 (38)

0.46

Heart rate, beats/min

73  10

72  11

0.17

73  11

71  10

0.02

SBP, mm Hg

138  17

137  15

0.60

137  18

136  15

0.36

DBP, mm Hg

79  9

79  9

0.87

80  10

79  9

0.36

0.42

BMI, kg/m2

30  6

30  5

0.31

30  7

29  5

0.15

LVEF, %

58  8

60  9

0.02

59  8

60  9

0.55

Ischemic HF

39 (25)

427 (26)

0.46

11 (14)

407 (24)

0.37

Hypertension

86

90

0.14

89

88

0.74

Diabetes

34

26

0.038

38

26

0.024

Atrial ﬁbrillation

37

28

0.026

29

29

0.94

Stroke

10

9

0.64

4

9

0.10

Myocardial infarction

27

23

0.25

18

23

0.36

Medical history

Laboratory
13.9  1.5

14.0  1.5

0.40

13.8  1.6

14.0  1.5

0.19

Creatinine, mmol/l*

92  30

88  28

0.11

84  26

88  28

0.19

eGFR, ml/min/1.73 m2

74  29

73  21

0.60

78  27

73  23

0.03

1,163 (177–1,238)

854 (136–942)

0.019

843 (138–992)

786 (128–928)

0.98

ACE inhibitors

29

25

0.29

25

24

0.80

MRAs

27

14

<0.001

24

14

0.026

Loop diuretics*

70

51

<0.001

53

52

0.91

Beta-blockers

61

60

0.77

53

59

0.29

NSAIDs

7

8

0.66

12

8

0.30

Digoxin

16

14

0.33

16

13

0.46

Hemoglobin, g/dl

NT-proBNP, pg/ml
Medical therapy

Values are n (%), mean  SD, %, or median (interquartile range). *Signiﬁcant interaction between WRF and treatment allocation.
ACE ¼ angiotensin-converting enzyme; BMI ¼ body mass index; DBP ¼ diastolic blood pressure; eGFR ¼ estimated glomerular ﬁltration rate; HF ¼ heart failure; LVEF ¼ left
ventricular ejection fraction; MRA ¼ mineralocorticoid receptor antagonist; NSAIDs ¼ nonsteroidal anti-inﬂammatory drugs; NT-proBNP ¼ N-terminal pro–B-type natriuretic
peptide; SBP ¼ systolic blood pressure; WRF ¼ worsening renal function.
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treatment at weeks 2 and 8. Overall, study drug

eGFR (ml/min//1.73m2)

74

$

discontinuation rates were very low, with no differ-

#

ence observed between the placebo and irbesartan

*

72

*

groups. Occurrence of WRF was not associated with
*

70

changes in either MRA or loop diuretic therapy. In the
irbesartan group, patients developing WRF exhibited

68

a signiﬁcantly greater reduction in mean arterial
blood pressure (MAP) at week 8 (–6.8  11 mm Hg)

66

compared with those who did not experience WRF

0

(–4.0  11 mm Hg; p ¼ 0.003). In the placebo group,

Placebo
Irbesartan

64
0

200

the reduction in MAP at week 8 was similar in those
400

600

800

with and without WRF (–2.0  12 mm Hg vs. –1.6 

1000

11 mm Hg; p ¼ 0.76). The decrease in MAP in patients

Days Since Randomization

developing WRF in the irbesartan group was signiﬁF I G U R E 1 Change in eGFR Over Time Stratiﬁed According to

cantly larger than the fall in MAP in those developing

Randomized Treatment Allocation

WRF in the placebo group (p ¼ 0.003). In a mixedeffect linear model, changes in MAP showed a sig-

Presented are least squares means  SEs from adjusted mixedeffects repeated measurements model. Patients were considered

niﬁcant positive association with changes in eGFR

a random effect and the following were ﬁxed effects: age; sex;

over time, and there was a signiﬁcant multivariate

race; etiology of heart failure; New York Heart Association

adjusted interaction between irbesartan treatment

functional class; left ventricular ejection fraction; systolic and

allocation, changes in MAP, and change in eGFR over

diastolic blood pressures; heart rate; history of myocardial

time (p ¼ 0.004).

infarction, hypertension, atrial ﬁbrillation, stroke, or diabetes;

WRF, IRBESARTAN TREATMENT, AND OUTCOME.

baseline medical therapy (angiotensin-converting enzyme
inhibitor, beta-blocker, diuretics, digoxin, and spironolactone

During a mean follow-up of 46 months, the primary

use); and N-terminal pro–B-type natriuretic peptide measure-

outcome (cardiovascular death or HF hospitalization)

ment. $p < 0.050, #p < 0.01, *p < 0.001. For overall interac-

occurred in 895 patients. A total of 85 patients (37%)

tion, p <0.001. eGFR ¼ estimated glomerular ﬁltration rate.

with WRF and 810 patients (24%) without WRF
reached the combined endpoint. WRF was associated
with an increased risk of developing the primary
outcome (univariate hazard ratio: 1.75; 95% conﬁ-

demonstrated a similar slower decrease in eGFR

dence interval: 1.41 to 2.17; p < 0.001). In the

over time (p for interaction time and allocated

univariate analyses, WRF deﬁned in the various pre-

treatment <0.001).

speciﬁed methods was consistently related to a poor

WRF at 8 weeks developed in 229 (6.4%) patients.
Patients randomized to irbesartan treatment experi-

outcome, as documented in Table 2 and Online
Table 1.

enced WRF more often (8.4% vs. 4.3%; odds ratio:

However deﬁned, WRF befalling patients allocated

2.07; 95% conﬁdence interval: 1.56 to 2.75; p < 0.001).

to irbesartan treatment was associated with more

The incidence of WRF according to the other pre-

frequent occurrence of the primary outcome. The

speciﬁed deﬁnitions is presented in Online Table 1.

only exception was a decrease in eGFR at 2 weeks.

WRF at 2 weeks was less frequent compared with the

Importantly, in the main analysis, treatment alloca-

occurrence at 8 weeks. Clinical characteristics of pa-

tion interacted with the relationship between WRF

tients with WRF according to treatment allocation are

and outcome: WRF exhibited a stronger relationship

presented in Table 1. In general, there were few dif-

with outcome in the irbesartan group (Central

ferences between patients with and without WRF; the

Illustration). In multivariable analysis, WRF was

main differences were presence of diabetes, higher

associated with the primary outcome in the overall

NT-proBNP concentrations, use of diuretics, and

population and the irbesartan treatment group but

treatment with a mineralocorticoid receptor antago-

not the placebo group (Table 3, Online Table 2). In

nist (MRA). These differences were more pronounced

addition, WRF was strongly associated with all sec-

in

treatment,

ondary outcomes, with a similar magnitude of asso-

although the only signiﬁcant interaction between

ciation (Table 4, Online Table 3). After multivariable

WRF and treatment allocation was seen for baseline

adjustment, the interaction between treatment allo-

SCr level and diuretic treatment.

cation and WRF on the effect of cardiovascular death

patients

allocated

to

irbesartan

8

or HF hospitalization was no longer signiﬁcant,

had similar discontinuation rates of randomized

although it remained so for all-cause mortality,

Patients

who

experienced

WRF

at

week
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T A B L E 2 Univariate Analysis: WRF and Cardiovascular Death and HF Hospitalizations

Overall

Overall
OR for WRF With
Incidence (%)
Irbesartan

p Value

HR (95% CI)

HR (95% CI)

$0.3 mg/dl and $25% increase
in creatinine

229 (6.4)

$0.3 mg/d increase in creatinine

245 (6.8)

2.13 (1.62–2.80) <0.001 1.84 (1.49–2.26) <0.001 1.32 (0.89–1.96)

$20% decrease in eGFR

412 (11.5)

1.82 (1.47–2.25)

2.07 (1.56–2.75)

<0.001 1.75 (1.41–2.17)

Placebo
p Value

<0.001 1.27 (0.85–1.93)

<0.001 1.35 (1.12–1.62)

0.002 1.25 (0.92–1.69)

Irbesartan
p Value

HR (95% CI)

p Value

p Value
Interaction*

0.25

1.97 (1.50–2.58) <0.001

0.17

2.10 (1.62–2.72) <0.001

0.055

0.16

1.33 (1.04–1.70)

0.72

0.084

0.021

*Interaction between WRF and treatment on outcome. WRF deﬁned at 8 weeks.
CI ¼ conﬁdence interval; HR ¼ hazard ratio; OR ¼ odds ratio; other abbreviations as in Table 1.

all-cause mortality or HF hospitalization, and the

seemed to be stronger in patients receiving irbesartan

primary outcome of I-PRESERVE. No interactions

compared with placebo, contrasting strikingly with

occurred between either baseline NT-proBNP or

studies of RAAS inhibition in HFrEF (7,8,13).

diuretic use or MRA use, and the relationship be-

WRF IN HFPEF AND HFREF. A large number of

tween WRF, treatment, and outcome. WRF deﬁned

epidemiological studies in acute and chronic HF have

by changes up to 2 weeks were not independently

shown an association between the development of

associated with outcome, and none of the interaction

WRF and poor clinical outcomes, including death

terms between treatment and WRF was signiﬁcant.

(1,4–6,11–13). However, recent data from randomized
clinical trials in HFrEF patients as well as studies in

DISCUSSION

acute HF have questioned this association. In acute
HF, WRF does not always portend a poor prognosis.

In the present study, we found that WRF occurred

In clinical trials, WRF was not associated with

more frequently in patients allocated to treatment

poor outcomes unless patients saw no decrease in

with irbesartan compared with placebo. Overall, the

systolic blood pressure or persistent congestion (2,4).

occurrence of WRF was associated with worse clinical

Furthermore, although more intense diuretic treat-

outcomes compared with no WRF. This association

ment may lead to (transient) increases in SCr, such
treatment is not associated with excess mortality (14).
These observations suggest that it is not the development of WRF per se that is important but the
circumstances under which it develops (or what
causes it).
The present study differs from earlier observations because we investigated a chronic HFpEF
population, which, to our knowledge, has not been
studied before. One study did, however, investigate
WRF developing in HFpEF patients admitted for
HF. In that study, Rusinaru et al. (15) found that
in-hospital WRF was predictive of 7-year outcome
but only in patients with a reduced eGFR at baseline.
To

date,

no

substudy

is

available

from

the

CHARM (Candesartan in Heart Failure Assessment of
Reduction in Mortality and Morbidity) study, but an
C E N T R A L I L L U S T R A T I O N Kaplan-Meier Curve: CV Death and HF Hospitalization

Stratiﬁed According to Treatment and WRF

earlier study found no interaction between baseline
renal function and type of HF (HFpEF vs. HFrEF)
(16). In the present study, we found that in patients

The Central Illustration shows the relationship between occurrence of worsening renal
function (WRF), randomized treatment, and the ﬁrst occurrence of cardiovascular (CV)
death or heart failure (HF) hospitalization. Univariate hazard ratio (HR) versus irbesartan
and no WRF, HR: 1.14 (95% conﬁdence interval [CI]: 1.00 to 1.31), p ¼ 0.057 for placebo

with clinically stable HFpEF, WRF at 8 weeks was
independently associated with all cardiovascular
outcomes examined and all-cause mortality. There-

and no WRF; HR: 1.46 (95% CI: 0.97 to 2.20), p ¼ 0.073 for placebo and WRF; and HR:

fore, the overall association between WRF and poor

1.97 (95% CI: 1.51 to 2.58), p < 0.001 for irbesartan and WRF, respectively.

clinical outcomes in chronic HFpEF seems comparable to HFrEF and acute HF.
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T A B L E 3 Multivariable Analysis: WRF and Cardiovascular Death and HF Hospitalizations

Overall
HR (95% CI)

Placebo
p Value

HR (95% CI)

Irbesartan
p Value

HR (95% CI)

p Value
Interaction*

p Value

$0.3 mg/dl and $25% increase in creatinine

1.43 (1.10–1.85)

0.008

1.09 (0.66–1.79)

0.73

1.66 (1.21–2.28)

0.002

0.13

$0.3 mg/dl increase in creatinine

1.41 (1.09–1.83)

0.009

1.19 (0.74–1.90)

0.48

1.57 (1.14–2.15)

0.005

0.26

$20% decrease in eGFR

1.35 (1.08–1.69)

0.009

1.37 (0.95–1.99)

0.089

1.36 (1.01–1.82)

0.041

0.94

*Interaction between WRF and treatment on outcome. WRF deﬁned at 8 weeks.
Abbreviations as in Tables 1 and 2.

RAAS INHIBITION, WRF, AND OUTCOME. It has long

retrospective analyses of multiple HFrEF/left ven-

been known that initiation of a RAAS inhibitor may

tricular dysfunction trials. In the SAVE (Survival and

lead to an increase in SCr (and a decrease in eGFR),

Ventricular Enlargement) trial, patients developing

which is usually small (17). This is thought to occur

WRF with captopril treatment experienced a better

because RAAS activation in HF leads to glomerular

outcome than patients developing WRF with placebo

efferent arteriolar vasoconstriction that preserves

(and even better than in patients receiving placebo

GFR in the face of a fall in glomerular perfusion

not developing WRF) (11). In an analysis of the

pressure. RAAS blockers can reduce glomerular

2 SOLVD (Studies of Left Ventricular Dysfunction)

perfusion pressure (by reducing systemic arterial

trials, Testani et al. (5) found that only WRF occurring

and afferent arteriolar pressure while simultaneously

with placebo was associated with mortality, whereas

preventing compensatory efferent arteriolar con-

patients developing WRF while taking enalapril had

striction). However, in the long run, angiotensin-

the best outcome. Similar data exist for angiotensin

converting

receptor blocker treatment seems to preserve or, in

receptor blockers and MRAs (6–8).
In the context of these previous studies, our ﬁnd-

certain populations, attenuate decreases in eGFR,

ings in patients with HFpEF show some remarkable

suggesting that any initial decline in GFR may not be

similarities and differences. First, depending on the

enzyme

inhibitor

and

angiotensin

clinically relevant (18–20). It could even be argued

deﬁnition used, WRF occurred in 6.0% to 14.4% of

that the initial decrease in eGFR with RAAS inhibition

patients allocated to the irbesartan group, consistent

serves as a marker of RAAS activation intensity and,

with previous studies in HFrEF in which the inci-

therefore, potentially is a more favorable response to

dence was approximately 6% to 10% after starting

therapy. These hypotheses have been tested in

an

angiotensin-converting

enzyme

inhibitor

or

T A B L E 4 WRF and Primary and Secondary Outcomes

CV Death/HF Hospitalization
Events
(n/N)

HR (95% CI)

All-Cause Death

p Value

Events
(n/N)

HR (95% CI)

HF Hospitalization

p Value

Events
(n/N)

HR (95% CI)

p Value

Univariate
85/229

1.75 (1.41–2.17)

<0.001

72/229

1.63 (1.28–2.08)

<0.001

60/229

1.85 (1.41–2.41)

<0.001

Irbesartan

61/153

1.97 (1.50–2.58)

<0.001

53/153

1.94 (1.45–2.59)

<0.001

42/153

2.10 (1.51–2.91)

<0.001

Placebo

24/76

1.27 (0.85–1.93)

0.25

19/76

1.18 (0.74–1.87)

0.49

18/76

1.53 (0.95–2.46)

WRF*

p value interaction

0.084

0.073

0.082
0.28

Multivariate
WRF*

85/229

1.43 (1.10–1.85)

0.008

72/229

1.41 (1.05–1.88)

0.020

60/229

1.49 (1.08–2.05)

0.002

Irbesartan

61/153

1.66 (1.21–2.28)

0.002

53/153

1.72 (1.22–2.43)

0.002

42/153

1.61 (1.08–2.38)

0.018

Placebo

24/76

1.09 (0.66–1.79)

0.73

19/76

0.99 (0.57–1.71)

0.97

18/76

1.30 (0.73–2.30)

0.37

p value interaction

0.13

0.078

0.52

Interaction
378/1659

Ref.

Irbesartan and WRF*

Irbesartan and no WRF*

61/153

1.68 (1.23–2.31)

0.001

Placebo and no WRF*

432/1707

1.15 (0.97–1.36)

24/76

1.23 (0.75–2.02)

Placebo and WRF*

*WRF is deﬁned as $0.3 mg/dl and $25% increase in creatinine.
CV ¼ cardiovascular; other abbreviations as in Tables 1 and 2.

320/1659

Ref.

240/1659

Ref.

53/153

1.74 (1.23–2.45)

0.002

42/153

1.63 (1.10–2.41)

0.014

0.15

352/1707

1.19 (0.98–1.44)

0.073

273/1707

1.10 (0.89–1.35)

0.40

0.41

19/76

1.16 (0.67–2.00)

0.60

18/76

1.43 (0.81–2.52)

0.22
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angiotensin receptor blocker (and somewhat higher,

together with a decrease in MAP, could have reduced

at around 15%, with an MRA) (5–8). Second, initiation

renal perfusion pressure substantially, with subse-

of a RAAS inhibitor results in an immediate but

quent reduction in eGFR and increase in salt and

limited fall in eGFR, although thereafter eGFR falls

water retention leading to poor clinical outcome (22).

gradually over time, at a similar rate to that in the

Future investigation of the epidemiology, patho-

placebo group. We also found that across the whole

physiology, and treatment of HFpEF should take

I-PRESERVE population, WRF was associated with

renal function into account.

poor outcome, as alluded to earlier.

STUDY LIMITATIONS. As a retrospective analysis of a

However,

WRF

occurring

after

initiation

of

clinical trial, observations from this study may not

irbesartan treatment in patients with HFpEF was

apply to the general HFpEF population. More impor-

associated with considerably higher event rates,

tantly, I-PRESERVE demonstrated no overall effect of

independent of other risk factors (a relationship not

irbesartan treatment on outcome, and therefore

apparent in the placebo group). This ﬁnding directly
contrasts with the ﬁndings from SOLVD and Val-

analyses of subsets of patients should be regarded as
hypothesis generating. For reasons unknown, repeat

HeFT (Valsartan Heart Failure Trial) in patients

SCr values were not available for all patients, poten-

with HFrEF (5,8,21), although it is unclear why this

tially resulting in bias, although this was the case in

discrepancy exists. There are some obvious differ-

only a small proportion of patients. We should also

ences between the trials: irbesartan did not improve

consider the possibility that the observed associa-

outcome in I-PRESERVE, whereas both enalapril

tions are in fact chance ﬁndings given that the

and valsartan did in SOLVD and Val-HeFT, respec-

number of events in this HFpEF patient population

tively. Theoretically, the ﬁndings with angiotensinconverting

enzyme

inhibitors

and

angiotensin

receptor blockers in HFrEF could represent the

was limited.

CONCLUSIONS

summed result of a negative effect of WRF outweighed by other positive effects of RAAS inhibition,

The incidence of WRF after initiation of an angio-

resulting in a net positive effect on outcome. Because

tensin receptor blocker in HFpEF was similar to that

irbesartan did not improve any clinical outcome in

observed previously in HFrEF but, in contrast to

I-PRESERVE, perhaps the negative effect of WRF was

patients with HFrEF, it was associated with poorer

not counterbalanced sufﬁciently by the potentially

clinical outcomes.

positive effects of angiotensin receptor blocker
treatment. Indeed, even patients who did not
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develop WRF in I-PRESERVE demonstrated no sug-
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gestion of improved outcome. It could also be that
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the WRF observed after RAAS blockade in patients
with HFpEF reﬂects a different and more harmful
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process than WRF in HFrEF.
We found that blood pressure reduction with
irbesartan was more pronounced in the WRF group
and even greater compared with the blood pressure
reduction in patients taking placebo who developed
WRF. This ﬁnding suggests a possible reason for WRF
occurrence with irbesartan but not necessarily the
reason for the poor outcome. In addition, we
observed signiﬁcant associations between changes in
MAP and eGFR, as well as a signiﬁcant interaction
among irbesartan, changes in MAP, and changes in
eGFR. This contrasts with ﬁndings from the literature
on RAAS inhibitors in patients without HF, in which
greater blood pressure reductions were associated
with a lower incidence of renal endpoints (20).
Finally, NT-proBNP levels were higher in patients
experiencing WRF in the irbesartan group. This
ﬁnding could represent more pronounced venous
congestion and increased renal venous pressure and,

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: In
patients with heart failure and reduced left ventricular
ejection fraction, treatment with inhibitors of the
renin-angiotensin-aldosterone system may cause
worsening of renal function despite systemic hemodynamic improvement.
TRANSLATIONAL OUTLOOK: The mechanisms
responsible for deterioration of renal function in some
patients with heart failure and preserved ejection
fraction during treatment with renin-angiotensinaldosterone system inhibitors, and the associated
worsening of prognosis that parallels the decline in
renal function, require further investigation.

Damman et al.

JACC VOL. 64, NO. 11, 2014
SEPTEMBER 16, 2014:1106–13

ARB Impact on HFpEF With Worsening Renal Function

REFERENCES
1. Damman K, Valente MA, Voors AA, et al.
Renal impairment, worsening renal function, and
outcome in patients with heart failure: an updated
meta-analysis. Eur Heart J 2014;35:455–69.

9. Massie BM, Carson PE, McMurray JJ, et al.
Irbesartan in patients with heart failure and preserved ejection fraction. N Engl J Med 2008;359:
2456–67.

during treatment with enalapril (the Cooperative North Scandinavian Enalapril Survival
Study [CONSENSUS] Trial). Am J Cardiol 1992;70:
479–87.

2. Testani JM, Coca SG, McCauley BD, Shannon RP,
Kimmel SE. Impact of changes in blood pressure
during the treatment of acute decompensated
heart failure on renal and clinical outcomes. Eur J

10. Komajda M, Carson PE, Hetzel S, et al. Factors
associated with outcome in heart failure with

18. Hillege HL, van Gilst WH, van Veldhuisen DJ,
et al. Accelerated decline and prognostic
impact of renal function after myocardial
infarction and the beneﬁts of ACE inhibition:

Heart Fail 2011;13:877–84.
3. Voors AA, Davison BA, Felker GM, et al. Early
drop in systolic blood pressure and worsening
renal function in acute heart failure: renal results
of Pre-RELAX-AHF. Eur J Heart Fail 2011;13:961–7.
4. Metra M, Davison B, Bettari L, 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.
Circ Heart Fail 2012;5:54–62.
5. Testani JM, Kimmel SE, Dries DL, Coca SG.
Prognostic importance of early worsening renal
function after initiation of angiotensin-converting
enzyme inhibitor therapy in patients with cardiac
dysfunction. Circ Heart Fail 2011;4:685–91.
6. Vardeny O, Wu DH, Desai A, 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;
60:2082–9.
7. Rossignol P, Cleland JG, Bhandari S, et al.
Determinants and consequences of renal function
variations with aldosterone blocker therapy in
heart failure patients after myocardial infarction:
insights from the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efﬁcacy and Survival
Study. Circulation 2012;125:271–9.
8. Lesogor A, Cohn JN, Latini R, et al. Interaction
between baseline and early worsening of
renal function and efﬁcacy of renin-angiotensinaldosterone system blockade in patients with
heart failure: insights from the Val-HeFT study.
Eur J Heart Fail 2013;15:1236–44.

preserved ejection fraction: ﬁndings from the
Irbesartan in Heart Failure With Preserved Ejection
Fraction Study (I-PRESERVE). Circ Heart Fail 2011;
4:27–35.
11. Jose P, Skali H, Anavekar N, et al. Increase in
creatinine and cardiovascular risk in patients with
systolic dysfunction after myocardial infarction.
J Am Soc Nephrol 2006;17:2886–91.
12. Damman K, Jaarsma T, Voors AA, Navis G,
Hillege HL, van Veldhuisen DJ. Both in- and outhospital worsening of renal function predict
outcome in patients with heart failure: results
from the Coordinating Study Evaluating Outcome
of Advising and Counseling in Heart Failure
(COACH). Eur J Heart Fail 2009;11:847–54.
13. Testani JM, Cappola TP, McCauley BD, et al.
Impact of worsening renal function during the
treatment of decompensated heart failure on
changes in renal function during subsequent
hospitalization. Am Heart J 2011;161:944–9.

the CATS randomized trial. Eur Heart J 2003;
24:412–20.
19. Holtkamp FA, de Zeeuw D, Thomas MC, et al.
An acute fall in estimated glomerular ﬁltration
rate during treatment with losartan predicts a
slower decrease in long-term renal function.
Kidney Int 2011;80:282–7.
20. Casas JP, Chua W, Loukogeorgakis S, et al.
Effect of inhibitors of the renin-angiotensin system and other antihypertensive drugs on renal
outcomes: systematic review and meta-analysis.
Lancet 2005;366:2026–33.
21. 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 angiotensinconverting enzyme inhibitor in patients with
moderate to severe heart failure. Circulation
2009;120:1577–84.

14. Felker GM, Lee KL, Bull DA, et al.
Diuretic strategies in patients with acute decompensated heart failure. N Engl J Med 2011;364:
797–805.
15. Rusinaru D, Buiciuc O, Houpe D, Tribouilloy C.
Renal function and long-term survival after
hospital discharge in heart failure with preserved ejection fraction. Int J Cardiol 2011;147:
278–82.
16. Hillege HL, Nitsch D, Pfeffer MA, et al. Renal
function as a predictor of outcome in a broad
spectrum of patients with heart failure. Circulation
2006;113:671–8.
17. Ljungman S, Kjekshus J, Swedberg K. Renal
function in severe congestive heart failure

22. 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;53:582–8.

KEY WORDS angiotensin receptor blocker,
HFpEF, prognosis, worsening renal function

A PP END IX For supplemental tables, please
see the online version of this article.

1113

