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Abstract

Background: The role of an impaired estimated glomerular filtration rate (eGFR) at hospital admission in the outcome of
acute kidney injury (AKI) after acute myocardial infarction (AMI) has been underreported. The aim of this study was to assess
the influence of an admission eGFR<60 mL/min/1.73 m? on the incidence and early and late mortality of AMI-associated
AKI.

Methods: A prospective study of 828 AMI patients was performed. AKI was defined as a serum creatinine increase of =50%
from the time of admission (RIFLE criteria) in the first 7 days of hospitalization. Patients were divided into subgroups
according to their eGFR upon hospital admission (MDRD formula, mL/min/1.73 m?) and the development of AKI: eGFR=60
without AKI, eGFR<60 without AKI, eGFR=60 with AKI and eGFR<60 with AKI.

Results: Overall, 14.6% of the patients in this study developed AKI. The admission eGFR had no impact on the incidence of
AKI. However, the admission eGFR was associated with the outcome of AMI-associated AKI. The adjusted hazard ratios (AHR,
Cox multivariate analysis) for 30-day mortality were 2.00 (95% Cl 1.11-3.61) for eGFR<60 without AKI, 4.76 (95% Cl 2.45-
9.26) for eGFR=60 with AKI and 6.27 (95% Cl 3.20-12.29) for eGFR<60 with AKI. Only an admission eGFR of <60 with AKI
was significantly associated with a 30-day to 1-year mortality hazard (AHR 3.05, 95% Cl 1.50-6.19).

Conclusions: AKlI development was associated with an increased early mortality hazard in AMI patients with either
preserved or impaired admission eGFR. Only the association of impaired admission eGFR and AKI was associated with an
increased hazard for late mortality among these patients.
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Introduction (>24 h) serum creatinine (SCr) increase of at least 1.5 from the
reference SCr or a greater than 25% decrease in the glomerular

filtration rate (GFR) compared to the reference GFR or a urine
have shown that the incidence of acute kidney injury (AKI) is output of less than 0.5 mL/kg/h for more than 6 h.
increasing at an alarming rate [1,2]. The development and

validation of the new AKI diagnostic criteria, namely RIFLE
(Risk, Injury, Failure, Loss, and End-Stage Kidney Disease) [3]
and AKIN (Acute Kidney Injury Network) [4], were significant
advancements in the study of the AKI syndrome and permit
accurate comparisons among different studies. The RIFLE criteria
[3] classify AKI into increasing levels of severity. The first level,
Risk, is defined as an abrupt (within 1-7 days) and sustained

Recent North American and European epidemiological studies

Ischemic heart disease is the leading cause of death among
adults in high-income countries and accounts for a substantial
fraction of the total disease burden globally. AKI is an important
and common complication after acute myocardial infarction
(AMI), affecting from 10 to 55% of the patients (this latter
number referring to patients suffering from cardiogenic shock) [5—
7]. The development of AKI is associated with unfavorable
outcomes and higher mortality after an AMI [5-10]. The
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mechanisms causing AKI in the first few days after an AMI are
multifactorial, including systemic and renal hemodynamic changes
secondary to an impaired cardiac output and an imbalance of
vasodilators and vasoconstrictors, the use of contrast media, and
immunological and inflammatory kidney damage resulting from
crosstalk between the heart and the kidney [11].

The effect of pre-existing renal dysfunction on AKI mortality
remains controversial and conflicting results have been published
[12-16]. Similarly, very few studies have assessed the role of
impaired estimated glomerular filtration rates (eGIFRs) at hospital
admission on the mortality of patients with AMI-associated AKI,
and no studies have been explicitly designed to assess whether an
impaired admission eGFR affects the prognosis of AMI-induced
AKI as defined by the RIFLE criteria.

The purpose of this study was to evaluate the association of a
decreased admission eGFR with the incidence and early and late
mortality of patients developing AKI, as defined by the RIFLE
criteria, in the acute phase of a myocardial infarction.

Results

Population characteristics

We evaluated 828 patients with a median age of 65 years
(interquartile range: 54 to 74), 65.5% of whom were male. Our
study population was composed of 7.7% black patients and 92.3%
non-black patients. Overall, at the time of the study, 69% of the
patients had a history of hypertension, 36.7% smoked, 25.7% were
diabetic, 22.6% were dyslipidemic, 41.7% had previously used
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin 1I
receptor blockers (ARBs), 8.8% had prior percutaneous coronary
mtervention (PCI), 15.5% had been affected by prior coronary
artery disease (CAD) with greater than 50% stenosis, 16.3% had
suffered from prior infarction and 8.5% of the patients had
previously undergone coronary artery bypass graft (CABG)
surgery. The median SCr of patients upon hospital admission
was 1.2 mg/dl (interquartile range: 1.0-1.5 mg/dL), and the
admission median eGFR was 63.1 mL/min/1.73 m? (interquar-
tile range: 47.5-81.3 mL/min/1.78 m?).

The systolic left ventricular function (LVF) was measured in 709
patients and was classified as normal in 29.7%, mildly dysfunc-
tional in 28.6%, moderately dysfunctional in 22.1% and severely
dysfunctional in 19.6% of them. ST elevation myocardial
infarction (STEMI) was diagnosed in 50.2% of the patients,
20.9% of whom presented with a Killip class >I and 54.5% of
whom presented with an anterior wall infarction. The overall in-
hospital mortality was 13.6%.

AKI incidence and mortality

AKI occurred in 121 (14.6%) of the patients, with 76 patients of
these patients (9.2%) in the Risk category, 37 patients (4.5%) in the
Injury category and 8 patients (1%) in the Failure category. The
30-day mortality rate was 38.8% (8.8% in the group without AKI,
p<<0.001), and the 30-day to 1-year mortality rate was 25.4%
(13% in the group without AKI, p-value = 0.006).

Comparison between patients with impaired and non-
impaired admission eGFRs

Patients with an impaired eGFR had a median admission SCr
of 1.5 mg/dl (interquartile range: 1.3-1.8 mg/dL) and a median
admission eGFR of 46.1 mL/min/1.73 m® (interquartile range:
36.7-52.8 mL/min/1.73 m?). Patients with non-impaired ¢eGFR
had a median admission SCr of 1.0 mg/dL (interquartile range:
0.8-1.2 mg/dl) and a median admission eGFR of 79.2 mL/min/
1.73 m? (interquartile range: 68.5-96.1 mL/min/1.73 m?).
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Among the study population, 46% had an admission
eGFR<60 mL/min/1.73 m®. When compared to the group of
patients with an admission eGFR=60 mL/min/1.73 m?, this
group was composed of a smaller proportion of men; was
significantly older; and had a significantly increased prevalence
of hypertension, diabetes, prior infarction, prior use of ACEIs/
ARBs and previously documented CAD, PCI or CABG. A
significantly higher number of patients with an admission
eGFR=60 mL/min/1.73 m® had an admission heart rate (HR)
>100 beats/min and a systolic blood pressure (SBP)
<100 mmHg. These patients were also more likely to have non-
ST elevation myocardial infarction (NSTEMI). When presenting
with STEMI, these patients exhibited a higher frequency of Killip
class >I (Table 1).

Patients with an impaired admission eGFR were significantly
less likely to receive B-blockers, ACEIs/ARBs, and clopidogrel and
were more likely to receive diuretics. Additionally, they were
significantly less likely to undergo coronary angiography, PCI,
CABG or any revascularization interventions during their
hospitalization than those with an admission eGFR=60 mL/
min/1.73 m® STEMI patients with an impaired admission eGFR
were significantly less likely to receive thrombolytic treatment or
any type of reperfusion therapy than subjects with an admission
eGFR=60 mL/min/1.73 m®. There was no difference between
the two groups in the thrombolysis in myocardial infarction
(TIMI) 3 flow rate or in the favorable reperfusion criteria after
reperfusion treatment (table 2).

Impaired admission eGFR had no impact on the incidence of
AKI, which was similar between the two groups. Patients with an
impaired admission eGFR were hospitalized significantly longer
and had significantly greater 30-day and 30-day to l-year
mortality rates than those with an admission eGFR=60 mL/
min/1.73 m? (Table 2).

Comparison of demographic and clinical characteristics
based on admission eGFR and the presence of AKI
Among the patients who had an admission eGFR=60 mL/
min/1.73 m? those who had AKI tended to be older (p<<0.001),
were more likely to have a HR>100 beats/min (p =0.013) and
were more likely to have a history of diabetes (p = 0.009). Among
patients with admission eGFRs<60 mL/min/1.73 m?, there were
no significant differences between subgroups with and without

AKI (Table 3).

Influence of admission eGFR and AKI on mortality—
univariate analysis

Among the patients who did not develop AKI, an impaired
admission eGFR was associated with significantly higher 30-day
and 30-day to 1-year mortality rates compared to patients with an
admission ¢eGFR=60 mL/min/1.73 m® (figures 1 and 2 and
Table 4).

Among the patients who developed AKI, the 30-day mortality
rate was similar between the groups with preserved or impaired
admission eGFR. The 30 day to l-year mortality rate was
significantly higher in patients with an impaired admission eGFR
and AKI compared to patients with an admission eGFR=60 mL/
min/1.73 m? and AKI (figures 1 and 2 and Table 4).

Influence of admission eGFR and AKI on mortality—Cox
multivariate analyses

The association between mortality and impaired admission
eGIFR and/or AKI development was evaluated among the four
groups.
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Table 1. Comparison of admission characteristics upon hospitalization between patients with not-impaired or impaired admission

eGFR.

Characteristics Total Cohort (n=828) a-eGFR=60 (n=447) a-eGFR<60 (n=381) p-value**
Age (y) 65 (54-74) 59 (49-71) 70 (61-75) <0.001
Male 65.5% 72.0% 57.7% <0.001
History of hypertension 69% 57.9% 81.9% <0.001
Current smoker 36.7% 44.5% 27.6% <0.001
History of diabetes 25.7% 19.2% 33.3% <0.001
Previous PCI 8.8% 6.7% 11.3% 0.021
Previous CABG 8.5% 5.1% 12.3% <0.001
Prior CAD (stenosis >50%) 15.5% 10.7% 21.0% <0.001
Previous AMI 16.3% 12.3% 21.0% 0.001
Prior use of ACEI/ARB* 41.7% 31.1% 54.1% <0.001
STEMI 50.2% 55.9% 43.6% <0.001
aSBP<<100 mm Hgf 6.3% 3.6% 9.5% 0.001
aHR (beats/min) 80 (70-95) 80 (70-92) 80 (70-100) 0.249
aHR >100 beats/min 16.5% 13.2% 20.5% 0.005
Killip class >1 20.9% 15.6% 28.9% 0.001

a-eGFR, admission estimated glomerular filtration rate (mL/min/1.73 m?); PCl, percutaneous coronary intervention; CABG, coronary artery bypass graft; CAD, coronary
artery disease; AMI, acute myocardial infarction; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; STEMI, ST elevation myocardial
infarction; aSBP, admission systolic blood pressure; aHR, admission heart rate. Continuous variables are presented as median values (with interquartile ranges).
Categorical variables are presented as percentages.

*n =821 for the total cohort, n=444 for a-eGFR=60 mL/min/1.73 m?, and n=377 for a-eGFR<60 mL/min/1.73 m>.

n =827 for the total cohort; n=380 for a-eGFR<60 mL/min/1.73 m>

*n=416 (STEMI patients).

**comparison between eGFR=60 and <60 mL/min/1.73 m?.

doi:10.1371/journal.pone.0035496.t001

Table 2. Comparison between patients with not impaired and impaired admission eGFR regarding treatment, incidence of AKI,
length of hospitalization and mortality.

Variables Total Cohort (n=828) a-eGFR=60 (n=447) a-eGFR<60 (n=381) p-value
B-blockers 93.5% 95.1% 91.6% 0.043
ACEI/ARB 97.2% 98.7% 95.5% 0.006
Diuretics 57.2% 48.5% 67.5% <0.001
Clopidogrel 82.2% 85.7% 78.2% 0.005
Coronary angiography 82% 89.3% 73.5% <0.001
PCI 49% 53.7% 43.6% 0.004
CABG 6.4% 8.5% 3.9% 0.007
Any revascularization* 55.2% 61.5% 47.8% <0.001
Thrombolytic treatment 33.6% 40% 23% <0.001
Primary PCI for STEMI 48.3% 47.6% 47.6% 0.998
Any reperfusion therapyf 81% 86.4% 69.9% <0.001
TIMI 3 flow rate after reperfusion treatment 86.5% 83.7% 90.8% 0.131
Favorable reperfusion criteria 73% 76.5% 66.9% 0.064
Incidence of AKI 14.6% 13.4% 16.0% 0.293
Length of hospitalization (d) 743 (44-13.3) 6.9(4.3-12.2) 8.1(4.4-15.1) 0.014
30-day mortality 13.2% 8.9% 18.1% <0.001
30-day to 1-year mortality 14.4% 8.5% 22.5% <0.001

a-eGFR, estimated glomerular filtration rate upon admission (mL/min/1.73 m?); PCl, percutaneous coronary intervention; CABG, coronary artery bypass graft; ACEI,
angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers. Continuous variables are presented as median values (with interquartile ranges).
Categorical variables are presented as percentages.

*With PCl or CABG.

fwith primary PCl or a thrombolytic.

doi:10.1371/journal.pone.0035496.t002
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Table 3. Comparison of demographic and clinical characteristics based on admission eGFR and AKI development.

admission eGFR=60

admission eGFR<60

Characteristics without AKI (n=387) with AKI (n=60) without AKI (n=320) with AKI (n=61) p-value
Age (y) 59 (48-70) 70 (55-78)* 69 (61-75) 72 (61-77) <0.001
Male 73.1% 65.0% 57.8% 57.4% <0.001
Hypertension 56.6% 66.7% 81.3% 85.2% <0.001
Current smoker 45.7% 36.7% 26.9% 31.1% <0.001
Diabetes 17.3% 31.7%t 32.2% 39.3% <0.001
Previous PCl 6.2% 10.0% 12.5% 4.9% 0.019
Previous CABG 5.4% 3.3% 12.2% 13.1% 0.003
Prior CAD 10.9% 10.0% 20.9% 21.3% 0.001
Previous AMI 21.0% 13.3% 21.3% 19.7% <0.009
Prior use of ACEls/ARBs 29.9% 38.3% 54.7% 50.8% <0.001
STEMI 55.0% 61.7% 41.3% 55.7% <0.001
Admission SBP<100 mm Hg 2.8% 8.3% 8.2% 16.4% <0.001
Admission HR § 80 (70-92) 86 (70-100) 80 (70-97) 88 (77-110) 0.047
Admission HR >100 } 11.6% 23.3%** 19.4% 26.2 0.002

eGFR, estimated glomerular filtration rate (mL/min/1.73 m?); PCl, percutaneous coronary intervention; CABG, coronary artery bypass graft; CAD, coronary artery disease;
AMI, acute myocardial infarction; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; STEMI, ST elevation myocardial infarction; aSBP,
systolic blood pressure; HR, heart rate. Continuous variables are presented as median values (with interquartile ranges) and were analyzed by the Kruskal-Wallis test
followed by Dunn’s post-test. Categorical variables are presented as percentages and were analyzed by ¥? statistics with Bonferroni correction for post-test multiple

comparisons.

*p<0.001,

fp=0.009,

**p =0.013, admission eGFR=60, with AKI versus without AKI,
*(beats/min).

doi:10.1371/journal.pone.0035496.t003

30-day survival. An admission cGFR<60 mL/min/1.73 m®
without AKI was associated with an adjusted hazard ratio (AHR)
for death of 2.00 (95% CI 1.11-3.61). Patients with a non-
impaired admission eGFR and AKI had a death AHR of 4.76
(95% CI 2.45-9.26). The patients with an impaired admission
eGFR and AKI had the worst outcome with a mortality AHR of
6.27 (95% CI 3.20-12.29). The reference group was composed of
patients with an admission eGFR=60 mL/min/1.73 m? without
AKI (figures 1 and 3 and table 5).

30-day to l-year survival. The 30-day to l-year survival
rate was estimated for those patients who survived for 30 days after
AMI. Neither an impaired admission eGFR without AKI nor a

eGFR 2 60 without AKI 4

eGFR < 60 without AKI

——

eGFR 2 60 with AKI : & :

non-impaired admission eGFR with AKI were associated with late
mortality. In contrast, an impaired admission eGFR with AKI was
associated with a death AHR of 3.05 (95% CI 1.50-6.19) (figures 2
and 4 and table 6).

Discussion

Influence of admission eGFR on mortality due to AKI
Previous studies have demonstrated that either an impaired
renal function at admission or the subsequent development of AKI
negatively affects the outcome of patients suffering from an AMI
[9,10,17,18]. However, none of the studies prospectively and

eGFR < 60 with AKI - &>

r T T T T T —T—T—

0 10 20 30 40 50 60 70 80

Hazard Ratio

9.0

10.0 11.0 12,0 13.0 140 1.’;.0 0 10 20 30 40 50
Mortality (%)

Figure 1. Hospital admission eGFR, AKI development and 30-day mortality rates after acute myocardial infarction. Hazard ratio (Cox

multivariate analysis, left) and crude mortality (right).
doi:10.1371/journal.pone.0035496.g001
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Figure 2. Hospital admission eGFR, AKI development and 30-day to 1-year mortality rates after acute myocardial infarction. Hazard
ratio (Cox multivariate analysis, left) and crude mortality (right). Note that only the combination of an admission eGFR<60 mL/min/1.73 m? with AKI
was associated with a higher late mortality. * 30-day to 1-year mortality rates were estimated for patients who survived for 30 days after AMI.

doi:10.1371/journal.pone.0035496.g002

simultaneously assessed the role of an impaired admission eGFR
and AKI development, as defined by RIFLE criteria, on the
outcome of AMIs.

In this study, the use of Cox multivariate analysis clearly
revealed that the development of AKI was the predominant factor
associated with increased 30-day mortality, while an impaired
admission eGFR was strikingly associated with an increased long-
term mortality in patients with AMI-associated AKI. In fact,
during the period from 30 days to one year after hospital
admission, only the patients with an impaired admission eGFR
and AKI had significantly lower survival rates. These results
suggest that early mortality was largely related to the effects of
AKI, while long-term outcomes were influenced by AKI
development in addition to previously impaired renal function.

The factors leading to the remarkably higher mortality among
patients with an impaired admission eGFR and AMI-associated
AKI are not evident. One possible explanation for these poorer
outcomes may be the combination of a powerful AKI-induced
surge of inflammation along with the high prevalence of
cardiovascular risk factors, such as older age, diabetes, hyperten-
sion and a pro-inflammatory milieu already present in the group of
patients with impaired admission eGFR [11,19]. In addition, we
observed differences in the AMI treatment received in the two
groups; patients in the group with admission eGFRs<60 mL/
min/1.73 m? were less likely to receive pharmacological therapy

(univariate analysis).

or to undergo interventional procedures. Other authors have also
observed that AMI patients with an impaired admission eGFR
were offered less AMI treatment [20-23]. More severe cardiac
disease was also associated with higher mortality in the current
study. However, an association between an impaired admission
eGFR and the development of AKI remained independently
associated with a higher mortality hazard after controlling for
variables possibly related to cardiac function, past history and
treatment. Similarly, the overlap between impaired admission
eGIFR and AKI continued to be independently associated with a
higher mortality hazard after correction for the characteristics that
distinguish the group with impaired admission eGFRs from the
rest of the patient groups.

A limited number of studies have assessed the role of admission
eGFR on the outcome of AMI-associated AKI. A study on
STEMI patients [5] revealed that AKI, arbitrarily defined as a
creatinine elevation >0.5 mg/dL during hospitalization, was
associated with increased 30-day and l-year mortality rates. The
study did not find any effect of the admission renal function on
mortality due to AKI. It is important to note the differences
between this study and our own. We used the RIFLE definition
and a time frame of seven days for AKI diagnosis, and we
compared the mortality data among the groups by a multivariate
Cox proportional hazards regression. On the other hand, Gold-
berg et al. non-discriminately used an arbitrary absolute SCr

Table 4. Influence of impaired admission eGFR on 30-day and 30-day to 1-year mortality rates with and without AKI development

a-eGFR=60 a-eGFR<60 p-value
Mortality at day 30 n % (n) n % (n)
Without AKI 387 4.9% (19) 320 13.4% (43) <0.001
With AKI 60 35% (21) 61 42.6% (26) 0.39
Mortality at 30-days to 1-year* n % (n) n % (n)
Without AKI 308 8.1% (25) 217 19.8% (43) <0.001
With AKI 35 11.4% (4) 32 40.6% (13) 0.006

doi:10.1371/journal.pone.0035496.t004

@ PLoS ONE | www.plosone.org

a-eGFR, admission estimated glomerular filtration rate (mL/min/1.73 m?); AKI, acute kidney injury.
*estimated for those surviving at day 30 and who had complete follow-ups for up to one year or death.
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Figure 3. COX curve for 30-day survival among the four groups
divided into admission eGFR and AKI development. Admission
eGFR, estimated glomerular filtration rate upon admission (mL/min/
1.73 m?); AKI, acute kidney injury. For the comparison between
admission eGFR=60 without AKI and admission eGFR<60 without
AKI, p=0.020; between admission eGFR=60 without AKI and admission
eGFR=60 with AKI, p<0.001; for admission eGFR=60 without AKI and
admission eGFR<<60 with AKI, p<<0.001.

doi:10.1371/journal.pone.0035496.9g003

increase during any time point of hospitalization for AKI diagnosis
and compared the mortality by logistic regression. Another study
[24] evaluating AMI patients showed that AKI, defined as a
=25% decrease in eGFR at any point during hospitalization, was
associated with a higher 1-year mortality rate. The authors used
univariate analysis to assess the relationship between AKI and
chronic kidney disease (CKD), diagnosed as an admission eGFR
between 15 and 59 mL/min, and they concluded that AKI was a
risk factor for 1-year mortality independent of admission eGFR.
This conclusion must be taken with reservations because they did
not control for any potential confounding variables in their
analysis. Parikh et al. [6] examined the long-term mortality rate
after post-MI AKI in a large cohort of patients. In a secondary
analysis, the authors suggested that AKI in addition to CKD was
associated with a lower risk of death compared to AKI without
CKD. The inconsistency of these results with those of the present
study could be due to the design differences between the two
studies and to the limitations of the study by Parikh et al. [25]. We
used RIFLE criteria during the first week of hospitalization to
diagnose AKI, while Parikh et al. defined AKI by graded absolute
changes in the serum creatinine at any point during hospitaliza-
tion. As the authors acknowledged in their manuscript, “sicker
patients are more likely to have longer hospitalizations and thus
undergo more blood work and assessment of renal function,
increasing the probability of detecting a change in serum
creatinine level”. Another important difference between ours
and Parikh’s’ studies is that we assessed data from 2004 to 2008 in
a prospective database, and Parikh et al. used a retrospective
database to assess patients hospitalized from 1994 to 1996. As they
indicated in their manuscript, the treatment of AMI has
substantially improved in the last decade. Further limitations that
may affect their secondary analysis are acknowledged by the
authors, including the high number of excluded patients (93,784~
40% of the total cohort) and the lack of information concerning

@ PLoS ONE | www.plosone.org
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Table 5. Cox proportional hazards model for 30-day
mortality.

Groups AHR (95% CI) p-value

admission eGFR=60 without AKI (n=387) 1.0
2.00 (1.11-3.61) 0.020
4.76 (2.45-9.26)

6.27 (3.20-12.29)

admission eGFR<60 without AKI (n=320)
admission eGFR=60 with AKI (n=60)
admission eGFR<60 with AKI (n=61)

<0.001
<0.001

eGFR, estimated glomerular filtration rate (mL/min/1.73 m?); AKI, acute kidney
injury; AHR, adjusted hazard ratio; Cl, confidence interval.

The model was adjusted for age creatine phosphokinase-MB, and admission
glycemia (categorized by quartiles with the first as a reference), gender (females
were used as the reference), history of prior coronary artery bypass graft, ST
elevation myocardial infarction, history of diabetes, history of hypertension,
admission Killip class >1, systolic blood pressure <100 mmHg, admission heart
rate >100 beats/min, clopidogrel use during hospitalization, use of diuretics,
coronary angiography during hospitalization, reinfarction, severe systolic left
ventricular dysfunction and any percutaneous coronary intervention performed
during hospitalization.

doi:10.1371/journal.pone.0035496.t005

the pharmacological treatment of these patients, making it
impossible to control for these therapies in the Cox analysis, as
was done in the present study. Finally, the left ventricular ejection
fraction (a strong predictor of long-term survival after AMI) was
unavailable in 39.4% of the non-AKI patients in this previous
study.

Opverall, studies regarding the prognostic effect of pre-existing
renal dysfunction on mortality after AKI have reported conflicting
results. Some reported a decrease in early mortality in patients
with overlapping AKI and CKD compared to the controls in
unselected cohorts of critically ill patients [26-28]. Conversely, a
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Figure 4. COX curve for 30-day to 1-year survival among the
four groups divided into admission eGFR and AKI develop-
ment. Admission eGFR, estimated glomerular filtration rate upon
admission (mL/min/1.73 m?); AKI, acute kidney injury. P=0.002 for the
comparison between admission eGFR=60 without AKI and admission
eGFR<60 with AKI, while the differences between the others groups
with an admission eGFR=60 without AKI were non-significant. * 30-day
to 1-year mortality rates were estimated for patients who survived for
30 days after AMI.

doi:10.1371/journal.pone.0035496.g004
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Table 6. Cox proportional hazards model for 30-day to 1-year
mortality*.

Groups AHR (95% ClI) p-value
admission eGFR=60 without AKI (n=308) 1.0

admission eGFR<60 without AKI (n=217) 1.12 (0.65-1.89) 0.696
admission eGFR=60 with AKI (n=35) 0.75 (0.26-2.16) 0.588

admission eGFR<60 with AKI (n=32) 3.05 (1.50-6.19) 0.002

*Estimated for patients who survived for 30 days after AMI.

eGFR, estimated glomerular filtration rate (mL/min/1.73 m?); AKI, acute kidney
injury; AHR, adjusted hazard ratio; Cl, confidence interval.

The model was adjusted for age, admission glycemia (categorized by quartiles
with the first as a reference), gender (females were used as the reference), ST
elevation myocardial infarction, history of diabetes, history of hypertension,
prior use of angiotensin-converting enzyme inhibitors or angiotensin Il receptor
blockers, admission Killip class >I, admission heart rate >100 beats/min,
clopidogrel use during hospitalization, diuretics use, coronary angiography
during hospitalization, reinfarction, severe systolic left ventricular dysfunction
and any percutaneous coronary intervention performed during hospitalization.
doi:10.1371/journal.pone.0035496.t006

study by Kolli et al, assessing 1,359 cardiac surgery patients [13]
showed that an impaired admission eGIR (<60 mL/min) was
associated with a higher mortality rate in patients who developed
AKI. Similarly, a study by Wu et al, which analyzed a very large
cohort of patients who developed postoperative AKI showed that
those patients with previous CKD had a higher risk of long-term
mortality than the patients without CKD [16]. Recently, an
interesting and elegant experimental study by Skott et al, showed
that even mild CKD led to an increased mortality rate in a rodent
model of AKI and multiple organ failure [14].

Influence of admission eGFR on the incidence of AKI

In this study, there was no difference in the incidence of AKI
between patients with an admission eGFR<60 mL/min or an
e¢GFR=60 mL/min. Similarly, Lombardi et al. [29] studied 1,749
patients after cardiac surgery and found no difference in the rates
of AKI development (41.9 versus 43.4%, respectively) between
patients with an admission eGFR<60 or an eGFR=60 mL/min.
Other studies have reported an association between pre-existing
CKD and AKI development [5,30]. It is unclear whether this
assoclation exists as a true primary cause-and-effect relationship or
if this association is due to confounding secondary comorbidities
that are associated with CKD, the increased exposure of this
population to nephrotoxic insults or the study bias. In fact, most of
the studies correlating increased AKI incidence with previous
CKD utilized a retrospective design with methodological short-
comings, including improper adjustments for comorbidities in
multivariate analyses. Furthermore, these studies often lack a
standardized protocol for the diagnosis of CKD and AKI.

Although not assessed in the present study, proteinuria, a
marker of renal injury, has been recently identified as an
important risk factor for the development of AKI in various
situations, such as following cardiac surgery [31-35].

Study limitations

This was a single-center observational prospective cohort study.

Systolic left ventricular function as assessed by echocardiogra-
phy was not always determined by the same observer.

The present study cannot be used to determine the effect of
CKD on the incidence and mortality of AKI because the
definition of CKD [36] requires the documentation of kidney
damage for three or more months. This time assessment is
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obviously difficult to obtain in this type of study, as most patients
have not undergone a renal function evaluation prior to their
admission for an acute illness.

AKI incidence was probable underestimated. The reference
SCr used for AKI diagnosis was the one obtained at the hospital
admission. It is likely that some patients were hospitalized already
with AKI, but because there was no SCr increase from the
reference SCr during the hospital stay, they were misdiagnosed as
non-AKI.

Finally, SCr measurements were performed on a clinical need
basis after discharge from the intensive care unit, which could also
lead to an underestimation of the incidence of AKI.

Conclusions

AKI development was negatively associated with the early
outcomes of AMI in patients with either non-impaired or impaired
admission eGFR. On the other hand, the presence of a low
admission eGFR in patients with acute myocardial infarction-
associated AKI was clearly associated with a significantly poorer
long-term prognosis. Additionally, this study confirmed, using
RIFLE criteria that AKI development in AMI patients is frequent
and is associated with a high mortality rate.

These results strongly suggest that patients with an impaired
admission eGIFR should have their renal function monitored
closely after an acute myocardial infarction. Clinical measures for
the prevention and early diagnosis of AKI must be taken to
potentially increase the survival rates of these patients. Moreover,
patients with an impaired admission eGFR who develop AKI must
have an extremely careful and detailed long-term follow-up to try
to avoid the poor long-term outcomes described in this study.

Methods

Ethics statement

The study protocol was approved by the Institutional Ethics
Committee on September 21, 2009 (“Comité de Ftica em
Pesquisa em Seres Humanos da Faculdade de Medicina de Sao
José do Rio Preto”, Sao José do Rio Preto, Brazil, process 4988/
2009), who agreed that informed consent was unnecessary due to
the purely observational and non-interventional nature of this
study (“Resolugao CNS 196/96”).

Patients

A total of 1,012 consecutive patients (October 2004-December
2008) with a STEMI or with a NSTEMI [37] were assessed using
a prospective database on thoracic pain from a single center.

Among the 1,012 patients, 184 were not included in the study
because they met the following exclusion criteria: admission
SCr=6.0 mg/dL, admission eGFR<15.0 mL/min/1.73 m? or
chronic dialysis (21 patients); death within 48 hours of admission
(49 patients); lack of at least two SCr measurements in the first
seven days of hospitalization (94 patients); obstructive AKI (3
patients); and a hospital stay <48 hours (17 patients).

Only the first hospital admission was considered if a patient had
more than one hospitalization for AMI during the study period.

Systolic left ventricular function

Systolic left ventricular function was classified as either normal
function or mild, moderate or severe dysfunction and was assessed
by echocardiography (based on medical need) in 85.6% of the
patients [38].
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SCr measurements, eGFR calculation and diagnostic
criteria for AKI

The SCr level was obtained at the time of hospital admission
and daily during the intensive care unit (ICU) stay. After ICU
discharge, the SCr was measured as needed. The SCr was assessed
using the Jaffé colorimetric method (ADVIA™ 1650, Bayer,
Germany).

The admission eGFR was assessed by the Modification of Diet
in Renal Discase (MDRD) formula [39] (mL/min/1.73 m?):
GFR = 186.3xSCr ~"1** % age ~%20% % ] 919 (if patient is black) *
0.742 (if female). It should be noted that this equation was not
specifically validated for this study population.

Patients were divided into 4 subgroups:

admission eGFR=60 without AKI

admission eGFR<60 without AKI

admission eGFR=60 with AKI

admission eGFR<60 with AKI

Patients were diagnosed with AKI if they had a SCr increase of
=1.5-fold over the admission value within the first seven days of
hospitalization (RIFLE criteria, stage Risk). The RIFLE criteria
definition of AKI using urinary output (<0.5 mL/kg for 6 h for
Risk) was not used in this study [40].

Outcomes

The primary endpoints were death from any cause within 30
days and 30-day to l-year mortality for those patients who
survived after 30 days. Patient follow-up after discharge was
conducted either by an electronic hospital system records review
or by mail or telephone contact of patients.

Statistical Analysis

Patients were categorized based on their admission eGFR (<60
or =60 mL/min/1.73 m? and on whether they developed AKI
during their hospitalization. The demographics and clinical
characteristics (presented as median values with interquartile
ranges) were compared by the Student’s t-test, Mann-Whitney test
or Kruskal-Wallis test followed by Dunn’s post-test for continuous
variables. The categorical variables (presented as numbers and
percentages) were compared using either ¥ statistics or Fisher’s
exact test. Bonferroni corrections were used for post-test multiple
comparisons.

Separate analyses were performed on the 30-day mortality rates
after the onset of AMI (n=2828) and on the 30-day to l-year

References

1. Ali T, Khan I, Simpson W, Prescott G, Townend J, et al. (2007) Incidence and
outcomes in acute kidney injury: a comprehensive population-based study. ] Am
Soc Nephrol 18: 1292-1298.

2. Collins AJ, Foley RN, Herzog C, Chavers B, Gilbertson D, et al. (2009) United
States Renal Data System 2008 Annual Data Report. Am J Kidney Dis 57:
S1-374.

3. Hoste EA, Clermont G, Kersten A, Venkataraman R, Angus DC, et al. (2006)
RIFLE criteria for acute kidney injury are associated with hospital mortality in
critically ill patients: a cohort analysis. Crit Care 10: R73.

4. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, et al. (2007) Acute
Kidney Injury Network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care 11: R31.

5. Goldberg A, Hammerman H, Petcherski S, Zdorovyak A, Yalonetsky S, et al.
(2005) Inhospital and 1-year mortality of patients who develop worsening renal
function following acute ST-elevation myocardial infarction. Am Heart J 150:
330-337.

6.  Parikh CR, Coca SG, Wang Y, Masoudi FA, Krumholz HM (2008) Long-term

prognosis of acute kidney injury after acute myocardial infarction. Arch Intern

Med 168: 987-995.

Marenzi G, Assanelli E, Campodonico J, De Metrio M, Lauri G, et al. (2010)

Acute kidney injury in ST-segment elevation acute myocardial infarction

complicated by cardiogenic shock at admission. Crit Care Med 38: 438-444.

~

@ PLoS ONE | www.plosone.org

Acute Kidney Injury after Myocardial Infarction

mortality rates for those patients (n =699) who survived past day
30. Patients who had been part of the follow-up period for less
than one year were not included (n=107) in the descriptive and
univariate analyses of the mortality rates at that time point.

We performed multivariate Cox proportional hazards regres-
sion analyses to evaluate the two mortality periods. The
association between mortality and admission ¢eGFR and AKI
development in the four subgroups in which patients were divided
was evaluated, controlling for clinically important variables and for
variables with a p-value<0.15 in the univariate analyses of
mortality in each period. The proportional hazards test and the
plotted cumulative survival estimate after the In (-In) transforma-
tion suggested that the hazards of these variables were propor-
tional for the period analyzed.

In the first period of multivariate Cox proportional hazards
regression analysis, the follow-up was censored at day-30 and was
adjusted for age, creatine phosphokinase MB (CPK-MB) and
admission glycemia (categorized by quartiles with the first as a
reference), gender (females were used as the reference), history of
prior CABG, STEMI, history of diabetes, history of hypertension,
admission Killip class >I, SBP<<100 mmHg, admission HR >100
beat/min, clopidogrel use during the hospitalization, use of
diuretics, coronary angiography during the hospitalization,
reinfarction, severe systolic left ventricular dysfunction (LVD)
and any PCI performed during the hospitalization.

The multivariate Cox proportional hazards regression analysis
of 30-day to l-year mortality rates included all patients who
survived for 30 days after AMI with censoring at 365 days. The
controlling variables were the same used for the 30-day analysis
with the exception of CPK-MB, history of prior CABG,
SBP<<100 mmHg and reinfarction. The prior use of ACEls or
ARBs was also controlled in this analysis.

Differences were considered statistically significant by a two-
tailed p-value<<0.05 and a confidence interval (CI) of 95%.

Analyses were performed with SPSS statistical software (version
15.0, Chicago, IL, USA).

Author Contributions

Conceived and designed the experiments: EAB RGB FBR. Performed the
experiments: EAB RGB FBR UST APO DMTZ. Analyzed the data: EAB
RGB FBR DMTZ. Contributed reagents/materials/analysis tools: EAB
RGB FBR DMTZ. Wrote the paper: EAB RGB FBR UST APO DMTZ.

8.  Newsome BB, Warnock DG, McClellan WM, Herzog CA, Kiefe CI, et al.
(2008) Long-term risk of mortality and end-stage renal disease among the elderly
after small increases in serum creatinine level during hospitalization for acute
myocardial infarction. Arch Intern Med 168: 609-616.

9. Goldberg A, Kogan E, Hammerman H, Markiewicz W, Aronson D (2009) The
impact of transient and persistent acute kidney injury on long-term outcomes
after acute myocardial infarction. Kidney Int 76: 900-906.

10. Amin AP, Spertus JA, Reid KJ, Lan X, Buchanan DM, et al. (2010) The
prognostic importance of worsening renal function during an acute myocardial
infarction on long-term mortality. Am Heart J 160: 1065-1071.

11. Ronco C, Haapio M, House AA, Anavekar N, Bellomo R (2008) Cardiorenal
syndrome. J Am Coll Cardiol 52: 1527-1539.

12. Khosla N, Soroko SB, Chertow GM, Himmelfarb J, Ikizler TA, et al. (2009)
Preexisting chronic kidney disease: a potential for improved outcomes from
acute kidney injury. Clin ] Am Soc Nephrol 4: 1914-1919.

13. Kolli H, Rajagopalam S, Patel N, Ranjan R, Venuto R, et al. (2010) Mild acute
kidney injury is associated with increased mortality after cardiac surgery in
patients with cGFR<60 mL/min/1.73 m® Ren Fail 32: 1066-1072.

14. Skott M, Norregaard R, Sorensen HB, Kwon TH, Frokiaer J, et al. (2010) Pre-
existing renal failure worsens the outcome after intestinal ischaemia and
reperfusion in rats. Nephrol Dial Transplant 25: 3509-3517.

April 2012 | Volume 7 | Issue 4 | 35496



20.

22.

23.

26.

27.

Ishani A, Xue JL, Himmelfarb ], Eggers PW, Kimmel PL, et al. (2009) Acute
kidney injury increases risk of ESRD among elderly. J Am Soc Nephrol 20:
223-228.

Wu VC, Huang TM, Lai CF, Shiao CC, Lin YF, et al. (2011) Acute-on-chronic
kidney injury at hospital discharge is associated with long-term dialysis and
mortality. Kidney Int 80: 1222-1230.

Goldenberg I, Subirana I, Boyko V, Vila J, Elosua R, et al. (2010) Relation
between renal function and outcomes in patients with non-ST-segment elevation
acute coronary syndrome: real-world data from the European Public Health
Outcome Research and Indicators Collection Project. Arch Intern Med 170:
888-895.

Szummer K, Lundman P, Jacobson S, Schén S, Lindbick J, et al. (2010)
Relation between renal function, presentation, use of therapies and in-hospital
complications in acute coronary syndrome: data from the SWEDEHEART
register. J Intern Med 268: 40-49.

Sarnak M]J, Levey AS, Schoolwerth AC, Coresh J, Culleton B (2003) 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. Hypertension 42: 1050-1065.

Rodrigues F, Bruetto R, Torres U, Otaviano A, Zanetta D, et al. (2010) Effect of
kidney disease on acute coronary syndrome. Clin J Am Soc Nephrol 5:
1530-1536.

Shlipak MG, Heidenreich PA, Noguchi H, Chertow GM, Browner WS, et al.
(2002) Association of renal insufficiency with treatment and outcomes after
myocardial infarction in elderly patients. Ann Intern Med 137: 555-562.
Reddan DN, Szczech L, Bhapkar MV, Moliterno DJ, Califf RM, et al. (2005)
Renal function, concomitant medication use and outcomes following acute
coronary syndromes. Nephrol Dial Transplant 20: 2105-2112.

Inrig JK, Patel UD, Briley LP, She L, Gillespic BS, et al. (2008) Mortality,
kidney disease and cardiac procedures following acute coronary syndrome.
Nephrol Dial Transplant 23: 934-940.

Lazaros G, Tsiachris D, Tousoulis D, Patialiakas A, Dimitriadis K, et al. (2012)
In-hospital worsening renal function is an independent predictor of one-year
mortality in patients with acute myocardial infarction. Int J Cardiol 155:
97-101.

Bouzas-Mosquera A, Vazquez-Rodriguez JM, Peteiro J, Alvarez-Garcia N
(2009) Acute kidney injury and long-term prognosis after acute myocardial
infarction. Arch Intern Med 169: 87.

Waikar SS, Curhan GC, Wald R, McCarthy EP, Chertow GM (2006) Declining
mortality in patients with acute renal failure, 1988 to 2002. ] Am Soc Nephrol
17: 1143-1150.

Chertow GM, Christiansen CL, Cleary PD, Munro C, Lazarus JM (1995)
Prognostic stratification in critically ill patients with acute renal failure requiring
dialysis. Arch Intern Med 155: 1505-1511.

@ PLoS ONE | www.plosone.org

34.

36.

37.

38.

39.

40.

Acute Kidney Injury after Myocardial Infarction

. Waikar SS, Liu KD, Chertow GM (2008) Diagnosis, epidemiology and

outcomes of acute kidney injury. Clin J Am Soc Nephrol 3: 844-861.
Lombardi R, Ferreiro A (2008) Risk factors profile for acute kidney injury after
cardiac surgery is different according to the level of baseline renal function. Ren
Fail 30: 155-160.

Singh P, Rifkin DE, Blantz RC (2010) Chronic kidney disease: an inherent risk
factor for acute kidney injury? Clin J Am Soc Nephrol 5: 1690-1695.

Grams ME, Astor BC, Bash LD, Matsushita K, Wang Y, et al. (2010)
Albuminuria and estimated glomerular filtration rate independently associate
with acute kidney injury. J Am Soc Nephrol 21: 1757-1764.

. James MT, Hemmelgarn BR, Wiebe N, Pannu N, Manns BJ, et al. (2010)

Glomerular filtration rate, proteinuria, and the incidence and consequences of
acute kidney injury: a cohort study. Lancet 376: 2096-2103.

Doi K, Negishi K, Ishizu T, Katagiri D, Fujita T, et al. (2011) Evaluation of new
acute kidney injury biomarkers in a mixed intensive care unit. Crit Care Med
39: 2464-2469.

Huang TM, Wu VC, Young GH, Lin YF, Shiao CC, et al. (2011) Preoperative
proteinuria predicts adverse renal outcomes after coronary artery bypass
grafting. J Am Soc Nephrol 22: 156-163.

Coca SG, Jammalamadaka D, Sint K, Thiessen Philbrook H, Shlipak MG, et al.
(2012) Preoperative proteinuria predicts acute kidney injury in patients
undergoing cardiac surgery. J Thorac Cardiovasc Surg 143: 495-502.

Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, et al. (2005)
Definition and classification of chronic kidney disease: a position statement from
Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int 67:
2089-2100.

Thygesen K, Alpert JS, White HD (2007) Universal definition of myocardial
infarction. J Am Coll Cardiol 50: 2173-2195.

Cheitlin MD, Alpert JS, Armstrong WF, Aurigemma GP, Beller GA, et al.
(1997) ACC/AHA guidelines for the clinical application of echocardiography:
executive summary. A report of the American College of Cardiology/American
Heart Association Task Force on practice guidelines (Committee on Clinical
Application of Echocardiography). Developed in collaboration with the
American Society of Echocardiography. J Am Coll Cardiol 29: 862-879.
Levey A, Bosch J, Lewis J, Greene T, Rogers N, et al. (1999) A more accurate
method to estimate glomerular filtration rate from serum creatinine: a new
prediction equation. Modification of Diet in Renal Disease Study Group. Ann
Intern Med 130: 461-470.

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P (2004) Acute renal
failure - definition, outcome measures, animal models, fluid therapy and
information technology needs: the Second International Consensus Conference
of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 8: R204-212.

April 2012 | Volume 7 | Issue 4 | 35496



