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Abstract

AIM: To study if impaired renal function is associated
with increased risk of peri-infarct heart failure (HF) in
patients with preserved ejection fraction (EF).

METHODS: Patients with occluded infarct-related
arteries (IRAs) between 1 to 28 d after myocardial in-
farction (MI) were grouped into chronic kidney disease
(CKD) stages based on estimated glomerular filtration
rate (eGFR). Rates of early post-MI HF were compared
among eGFR groups. Logistic regression was used to
explore independent predictors of HF.

RESULTS: Reduced eGFR was present in 71.1% of
2160 patients, with significant renal impairment (eGFR
< 60 mL/min every 1.73 m®) in 14.8%. The prevalence
of HF was higher with worsening renal function:
15.5%, 17.8% and 29.4% in patients with CKD stages 1,
2 and 3 or 4, respectively (P < 0.0001), despite a small
absolute difference in mean EF across eGFR groups:
48.2 £ 10.0, 47.9 £ 11.3 and 46.2 £+ 12.1, respectively
(P = 0.02). The prevalence of HF was again higher
with worsening renal function among patients with
preserved EF: 10.1%, 13.6% and 23.6% (P < 0.0001),
but this relationship was not significant among patients
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with depressed EF: 27.1%, 26.2% and 37.9% (P =
0.071). Moreover, eGFR was an independent correlate
of HF in patients with preserved EF (P = 0.003) but not
in patients with depressed EF (P = 0.181).

CONCLUSION: A significant proportion of post-MI pa-
tients with occluded IRAs have impaired renal function.
Impaired renal function was associated with an in-
creased rate of early post-MI HF, the association being
strongest in patients with preserved EF. These findings
have implications for management of peri-infarct HF.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Impaired renal function is associated with an increased
risk of early post-myocardial infarction (MI) heart failure
HB)", which in turn is a potent predictor of death®.
However, this has not been well documented in patients
with preserved left ventricular ejection fraction (EF).

The Occluded Artery Trial (OAT) was a randomized
trial in 2201 patients with persistently occluded infarct-
related arteries (IRAs) post-MI, a group at high risk of
developing peri-infarct HE Thus, the OAT population
provided an opportunity to study the relationship between
impaired renal function and peri-infarct HF in patients
with a broad range of EFs.

MATERIALS AND METHODS

Study population

The design and overall results of OAT have been pub-
lished®”. Briefly, OAT compared optimal medical therapy
alone to optimal medical therapy and percutaneous coro-
nary intervention in high-risk but stable patients with oc-
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cluded IRAs over 24 h and up to 28 d post-MI. Eligibility
criteria included confirmed index MI, occluded IRA and
at least one of two high-risk criteria: EF < 50%, or proxi-
mal site of occlusion. Important exclusion criteria includ-
ed significant angina, severe inducible ischemia, left main
or triple vessel disease, serum creatinine > 2.5 mg/dL
(221 pumol/L), severe valvular disease, New York Heart
Association Class Ill or IV HF, or cardiogenic shock at the
time of screening. The study was approved by institutional
review committees at participating sites and subjects gave
informed consent.

Data collection

Data recorded included baseline clinical history, qualify-
ing MI characteristics, EF and cardiac catheterization
findings. All angiograms were independently reviewed
at the angiographic core laboratory. Contrast ventriculo-
grams recorded in the 30° right anterior oblique projec-
tion were used to calculate left ventricular volumes, EF,
regional wall motion and sphericity index as described

previously® ",

Definitions

The Modification of Diet in Renal Disease equation
was used to calculate estimated glomerular filtration rate
(eGFR): eGFR (mL/min every 1.73 m?) = 186 X (Se) ™"
X (Age) ™™ x (0.742 if female) X (1.210 if African
American), where Ser is serum creatinine concentration
in mg/dL and age is in years'"'”. Patients were grouped
into National Kidney Foundation chronic kidney disease
(CKD) stages based on eGFR (ml./min every 1.73 m’):
CKD stage 1: = 90; stage 2: 60-89; stage 3: 40-59; and
stage 4: 15-391,

Early post-MI HF was defined as highest Killip class
> | during index MI. Preserved and depressed EF was
defined by the EF cut-off of 45%, which was the same
as that used in the BNP and I-PRESERVE studies'™*'"”,
and was intermediate between the cut-off points of 40%
in the CHARM-PRESERVED study"” and 50% in a
community-based observational study"”.

Statistical analysis

Descriptive data were expressed as percentages and mean
T SD. Baseline variables were compared between eGFR
groups using one-way analysis of variance for continuous
variables and XZ test for categorical variables. A forward
stepwise logistic regression model was used to evaluate
independent correlates of HF. Continuous variables
(including eGFR) were entered as such in the multivariable
model. Variables were selected based on P < 0.1 for
comparison between eGFR groups. Subsequently, to test
data-derived hypotheses, two separate logistic regression
models were tested, restricted to patients with preserved
and depressed EF, respectively. The pre-specified level of
significance for all secondary analyses of OAT was P <
0.01. P = 0.01 and < 0.05 was considered to indicate a
strong trend towards statistical significance.
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eGFR = 90 (7 = 624) eGFR 60-89 (7 = 1216) eGFR 15-59 (» = 320) P value

eGFR mL/min every 1.73 m’ 106.0 £16.6 755+8.1 504 +7.7 <0.0001
Age (yr) 542+97 58.7+10.5 67.2+£9.6 <0.0001
Female (%) 14.6 203 434 < 0.0001
Diabetes (%) 20.4 18.3 30.0 0.009
Hypertension (%) 39:3 48.4 69.1 <0.0001
Hyperlipidemia (%) 50.6 51.7 5515 0.19
Family history of CAD (%) 42.6 40.8 32.8 0.01
Current smoker (%) 51.9 36.9 225 <0.0001
Prior MI (%) 9.5 12.2 10.9 0.28
Thrombolytic use during initial 24 h of index MI (%) 16.5 20.2 20.3 0.09
Troponin I divided by ULN (ng/mL) (n = 1186) 125.0 +213.9 186.3 +443.8 231.8 +516.6 0.01
Troponin T divided by ULN (ng/mL) (1 = 281) 46.0+£73.4 69.6 +190.4 241+283 0.2
Days from index MI to randomization 101+74 112+78 11.6+7.6 0.004
BMI (kg/m’) 284+5.1 28.6+4.9 285+53 0.77
Heart rate (beats/min) 721+11.5 714 +11.9 727 £12.7 0.13
Systolic BP (mmHg) 1194 +17.4 120.7 £17.7 123.9+19.7 0.001
Diastolic BP (mmHg) 726+11.1 723+11.4 71.8+11.6 0.63
Discharge medications (%)

Aspirin 97.0 95.9 92.5 0.003

Ticlopidine or clopidogrel 73.6 732 70.2 0.33

Beta blocker 88.9 87.9 85.9 0.19

ACE Inhibitor 76.4 79.0 78.8 0.31

Lipid lowering agent 85.4 81.7 73.4 <0.0001
IRA-LAD (%) 329 36.8 38.4 0.19
IRA-Circ (%) 18.1 13.9 15.0
IRA-RCA (%) 49.0 493 46.6
IRA TIMI Flow Grade 0-1 (%) 99.8 99.5 99.4 041
Two or three vessel disease (%) 155 17.3 21.6 0.03
Collaterals present (Grade 1 and 2) (%) 89.2 88.5 86.7 0.29
Mitral regurgitation (%)

Grade 0 69.0 66.1 56.9 <0.0001

Grade 1 27.3 283 30.6

Grade 2 2.7 44 74

Grade 3 1.0 1.2 5.1
End-diastolic volume (mL) (n = 201) 137.4 +55.1 1241 +£52.8 130.4 + 85.6 0.36
End-systolic volume + mL) (n = 201) 70.7 £32.7 64.5+32.2 71.7 £54.2 0.45
Ejection fraction (1 = 2145) 48.2+10.0 479+11.3 462+12.1 0.02
Wall motion SD/Chord (1 = 1677) -29+09 -29+09 -3.0+£0.9 0.84
Systolic sphericity index (1 = 1677) 233+6.9 229+6.6 24.7 £85 0.003
Diastolic sphericity index (n = 1677) 30.0+6.7 30.6 £ 6.5 31.5+74 0.02

°P < 0.0001 for linear association between eGFR group and mitral regurgitation grade; P < 0.002 for linear association between eGFR group and presence

of mitral regurgitation (grade = 1). ULN: Upper limit of the local laboratory normal; LAD: Left anterior descending coronary artery; RCA: Right coronary

artery; Circ: Left circumflex coronary artery; TIMI: Thrombolysis in myocardial infarction; BMI: Body mass index.

RESULTS

Baseline characteristics by eGFR group

Data on eGFR at the time of randomization, a median
of 8 d post-MI, was available in 2160 of 2201 patients
enrolled in OAT (98.1%). Of these, 71.1% had reduced
eGFR, with 56.3% in stage 2, 14.5% in stage 3, and 0.3%
in stage 4 (Table 1).

Baseline clinical features associated with lower eGFR
were older age, female sex, diabetes, hypertension,
lower frequency of smokers, longer duration from
MI to randomization, higher systolic blood pressure
at randomization, and less frequent use of aspirin and
lipid-lowering agents. In addition, patients with reduced
eGFR showed a strong trend toward lower frequency
of family history of coronary artery disease (CAD) and
higher troponin I (Table 1).
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Angiographic features associated with lower eGFR
were higher systolic sphericity index and higher frequency
and grade of mitral regurgitation. There was a strong
trend toward significant association between lower eGFR
and presence of multivessel CAD, lower EF and higher
diastolic sphericity index (Table 1).

Prevalence of HF by eGFR group

Of 2151 patients with data on eGFR and HF available,
406 (18.9%) had HF during the index MI. The preva-
lence of HF was higher with worsening renal function:
15.5% in patients with stage 1 CKD, 17.8% with stage
2 and 29.4% with stage 3 or 4 (P < 0.0001). The odds
ratio (OR) for HF was 2.3 [95% confidence interval (CI):
1.6-3.1] in patients with stage 3 or 4 compared with stage
1, despite a small absolute difference in mean EF be-

tween eGFR groups (P = 0.02, Table 1). This prompted
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Figure 1 Prevalence of HF by eGFR group and EF.

us to evaluate whether there was an association between
eGFR group and HF in patients with preserved EF
(Figure 1).

Of the study population of 2151 patients, 1412 had
preserved EF and 724 had depressed EE. Of the 406
patients with HF, 196 (48.3%) had preserved EF, 206
(50.7%) had depressed EF, and EF was missing in four
patients. Among patients with preserved EF, the preva-
lence of HF was again higher with worsening renal func-
tion: 10.1%, 13.6% and 23.6% (P < 0.0001). The OR
for HF was 2.7 (95% CI: 1.7-4.3) in patients with stage 3
or 4 compared with stage 1. However, this relationship
was not significant among patients with depressed EF:
27.1%, 26.2% and 37.9% (P = 0.071). The OR for HF
was 1.6 (95% CI: 1.0-2.7) in patients with stage 3 or 4
compared with stage 1.
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Table 2 Multivariable correlates of heart failure

Covariates Pvalue OR 95% CI
All patients (n = 2096)
Decreasing EF' <0.0001 1.554  1.398-1.727
Increasing BMI 0.001  1.037  1.015-1.059
Decreasing eGFR' 0.006  1.088  1.025-1.156
Increasing age' 0.007 1171  1.044-1.315
Increasing heart rate' 0.001  1.183  1.075-1.302
Collaterals not present (Grade 0) 0.045 1.397  1.007-1.939
Patients with preserved EF (n = 1402)
Increasing BMI 0.0001 1.060  1.029-1.093
Decreasing eGFR' 0.003  1.140  1.044-1.245
Prior MI 0.021 1701  1.082-2.673
Increasing age' 0.031 1185  1.015-1.383
Increasing heart rate' 0.030  1.161  1.014-1.328
Patients with depressed EF (1 = 715)
Decreasing EF' <0.0001 2.09%  1.633-2.689
Decreasing eGFR' 0.181  1.056  0.975-1.143
Increasing heart rate' 0.006  1.210  1.055-1.388
Collaterals not present (Grade 0) 0.036  1.632  1.032-2.581

'Odds ratios (ORs) and confidence intervals (CIs) reported for a 10 unit
change. The addition of an EF*eGFR interaction term did not contribute
significantly to the model for all patients, when EF within the interaction
term was entered as a continuous variable (P = 0.575) or as a dichotomous
variable, i.e. preserved vs depressed (P = 0.151).

Multivariable correlates of HF

On multivariable analysis, HF was significantly associated
with older age, higher heart rate at enrollment, lower EF,
higher body mass index (BMI) and lower eGFR, while
there was a strong trend towards significant association
with absence of collaterals (Table 2).

In the logistic regression model restricted to patients
with preserved EF, lower ¢GFR and higher BMI were
independently correlated with HE, and there was a trend
toward significant association with prior MI, older age and
higher heart rate at enrollment (Table 2). Conversely, in
the model restricted to patients with depressed EF, lower
eGFR was no longer correlated with HE, while lower EF
and higher heart rate were strongly correlated, and there
was a trend toward significant association with absence of
collaterals (Table 2).

DISCUSSION

Decreased eGFR was associated with an increased risk
of eatly post-MI HEF, the association being strongest in
patients with preserved EF, in whom it was an important
independent predictor of HE

Frequency of impaired renal function in acute Mi

Overall, we noted decreased ¢GFR (< 90 mL/min every
1.73 m*) in 71.1% and significant renal impairment (eGFR
< 60 mL/min every 1.73 m®) in 14.8% of this large
series of patients with persistently occluded IRAs post-
MI. Prior studies in patients with MI reported significant
renal impairment in 18.9%-33.5%*1. Impaired renal
function is associated with CAD risk factors such as older
age, hypertension and diabetes' ¥ and has been found to
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be associated with a higher rate of MI in epidemiological
studies" "

Impaired renal function and early post-MI HF

Previous studies have demonstrated higher Killip class
during acute MI in patients with impaired renal func-
tion™. We found that patients with lower eGFR had a
higher prevalence of cartly post-MI HF, despite a small
difference in EF between eGFR groups. Our multivari-
able models showed a significant continuous gradation
of risk of post-MI HF with decreasing eGFR, even
after adjusting for variables that differed between eGFR
groups. The lower limits of the confidence intervals for
the ORs probably reflect the wide spectrum of eGFR,
with 624 of 2160 patients in the study having a nor-
mal eGFR (and consequently low risk of post-MI HF).
Verma ¢ a/”" found no significant difference in early
post-MI EF between eGFR groups, but demonstrated
higher left ventricular mass index in patients with lower
eGFR. In addition to the association with diastolic dys-
function, higher left ventricular mass in patients with
impaired renal function may be a marker for increased
renin-angiotensin-aldosterone activity[zz], which in turn,
may contribute to HF through diverse mechanisms,
including impaired sodium and water excretion and de-
creased venous capacitancem’m.

Influence of EF on the relationship between impaired
renal function and HF
The relationship between renal function and eatly post-
MI HF was complex and was influenced by the degtree
of systolic dysfunction. Although, in general, patients
with impaired renal function had a significantly higher
prevalence of HF, this relationship was strongest in
patients with preserved EF and weakest when EF was low.
Other studies have explored the potential influence of
EF on the relationship between impaired renal function
and clinical outcome. In a single-center study of non-ST
elevation acute coronary syndrome, there was a step-wise
increase in 1-year all-cause mortality with worsening renal
function in patients with preserved as well as depressed
EF™. However, rates of HF were not reported in this
study and patients with ST elevation MI were excluded.
In a pooled analysis of the three arms of the CHARM
study, there was no interaction between eGFR and EF
for a composite endpoint of cardiovascular death or
HF hospitalization”. However, the entry criterion for
CHARM was symptomatic HF of at least 4 wk duration
and patients with recent MI (within 4 wk) were excluded.

Clinical implications

Traditionally, assessment of a patient’s risk of post-MI HF
has been based on knowledge of post-MI EE. However,
there is a complex relationship between EF, renal function
and post-MI HE This study suggests that the use of EF
for post-MI risk stratification in patients with impaired
renal function has limitations. Furthermore, risk stratifica-
tion can be improved by factoring in eGFR, particulatly in
patients with preserved EE. Of note, HF with preserved
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EF accounts for neatly half the cases of post-MI HF, and
is associated with increased mortality following MI”". Re-
nin-angiotensin-aldosterone blockade is well documented
to reduce rates of late post-MI HE, particularly in patients
with depressed EFE. It is not known if intensive renin-
angiotensin-aldosterone blockade during the acute phase
of MI affects rates of early post-MI HF in patients with
preserved EF and impaired renal function.

Strengths and limitations
This study specifically analyzed the association of impaired
renal function with HF and the influence of EF on this
association in a large series of patients with occluded
IRAs post-MI. A major strength of this study is that data
were collected prospectively using pre-defined criteria,
and important angiographic analyses were performed by a
core laboratory blinded to clinical information. A potential
limitation is that patients with creatinine > 2.5 mg/dL
at randomization were excluded. Point measurements
of serum creatinine were used to estimate GFR. The
present study was not designed to address the possible
mechanisms underlying our observations. Further studies
are needed to address the precise mechanisms of post-MI
HF in patients with impaired renal function, particularly in
the presence of preserved ER

In conclusion, a significant proportion of post-MI
patients with persistently occluded IRAs have impaired
renal function. Impaired renal function was associated
with an increased rate of early post-MI HE, and the as-
sociation was stronger in patients with preserved EE The
association between impaired renal function and HF in
patients with preserved EF has important implications
for management of peri-infarct HF and for post-MI risk
stratification.
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Background

Patients with impaired renal function are at increased risk of heart failure (HF) early
after a myocardial infarction (MI). HF after Ml in tumn is a potent predictor of death.
Research frontiers

The relationship between impaired renal function and post-MI HF has been
demonstrated mainly in patients with depressed ejection fraction (EF). However,
this relationship has not been well studied in patients with preserved EF. In this
study, the authors demonstrate that impaired renal function increases the risk of
post-MI HF in patients with a wide range of EF.

Innovations and breakthroughs

This study furthermore shows that the relationship between impaired renal
function and risk of post-MI HF is stronger in patients with preserved EF
compared to patients with depressed EF.

Applications
Traditionally, estimation of EF has been used to identify patients who are at
increased risk of adverse clinical outcome following a MI. By understanding the
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influence of impaired renal function on the risk of HF, we may include measures
of renal function in the risk stratification of patients with MI, particularly in patients
with preserved EF.

Terminology

EF is the proportion of the blood volume in the left ventricle at the end of diastole
that is ejected in systole. EF is expressed as a percentage and is a measure of
left ventricular systolic function. Renal function in this study was assessed by an
estimation of the glomerular filtration rate.

Peer review

This is an interesting substudy from a well respected trial (Occluded Artery Trial).
It can be published, however, the paper would gain a lot including echo and
further scoring data (i.e. GRACE score) and revision.
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