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Abstract

Background—Renin angiotensin system (RAS) inhibitor use after acute myocardial infarction
(AMI) is a quality indicator, but there may also be reasons not to use this therapy. We sought to
determine how chronic kidney disease (CKD) and acute kidney injury (AKI) affected RAS
inhibitor prescription after AMI in patients with and without decreased ejection fraction (EF).

Methods—~Participants from the TRIUMPH registry were categorized by admission estimated
glomerular filtration rate (eGFR in ml/min/1.73m?; severe [<30], moderate [30-59], mild [60-89]
and no [=90] CKD) and occurrence of AKI (an increase in creatinine =0.3mg/dl or 250%). RAS
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inhibitor prescriptions at discharge were compared across categories of CKD, AKI and decreased
EF (<40% vs. 240%) using a hierarchical modified Poisson model.

Results—Among 4223 AMI patients (mean age 59.0 years, 67.0% male, 67.3% white), RAS
inhibitor use decreased significantly with lower eGFR (P <0.001), but there was no effect of
decreased EF on this relationship (interaction P = 0.40). Without AKI, severe and moderate CKD
were associated with significantly less RAS inhibitor use; relative risks (RRs) = 0.67 (95% Cls,
0.58-0.78) and 0.94 (0.90-0.99), respectively. When AKI occurred, CKD was associated with less
RAS inhibitor use: RR 0.84 (0.76-0.93) for mild CKD, 0.78 (0.68-0.88) for moderate CKD, and
0.50 (0.42-0.61) for severe CKD. EF <40% was associated with use (RR 1.11, 1.03-1.18),
independent of renal function.

Conclusions—CKD and AKI are associated with fewer RAS inhibitor prescriptions at
discharge, but in both AKI and non-AKI patients, eGFR was more strongly associated with use
than EF.

Keywords

Acute myocardial infarction; heart failure; chronic kidney disease; acute kidney injury; renin-
angiotensin system inhibitors

Introduction

Inhibition of the renin—angiotensin system (RAS) decreases cardiovascular (CV) morbidity
and mortality in patients with atherosclerosis[1-3] and with systolic heart failure (HF).[4, 5]
As such, the American College of Cardiology/American Heart Association (ACC/AHA)
guidelines recommend use of angiotensin converting enzyme inhibitors (ACEISs) in patients
with acute myocardial infarction (AMI) or stable ischemic heart disease (IHD), particularly
if systolic heart failure is present, unless contraindications exist.[6—-8] ACEIls and
angiotensin receptor blockers (ARBs, collectively classified with ACEIs as RAS inhibitors)
are used virtually interchangeably for IHD and HF, and their use after AMI in patients with
ejection fraction (EF) <40% is endorsed as a quality performance measure.[9]

Despite the proven benefits of these agents, their use is not without risk. One relative
contraindication to prescribing RAS inhibitors is a low estimated glomerular filtration rate
(eGFR) or a recent rise in serum creatinine. As such, clinical judgment is relied upon to
determine the risks and benefits of RAS inhibitor use in individual circumstances. While
RAS inhibitors have important benefits in the setting of chronic kidney disease (CKD),[10-
13] physicians may miss an opportunity to use RAS therapy in AMI patients with elevated
serum creatinine,[14] possibly due to the fear that renal function may deteriorate or that
hyperkalemia will ensue. This is of substantial clinical relevance since worsening renal
function (either acutely or more chronically) correlates with adverse CV outcomes in
patients admitted with AMI and could potentially indicate a population with a greater
absolute risk reduction from RAS therapy.[15-20]

In light of the complexity of balancing the risks and benefits of RAS therapy in patients with
impaired renal function at the time of an AMI, more insight into current practice patterns is
needed. To our knowledge, no large studies have investigated patterns of RAS inhibitor use
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upon hospital discharge following AMI in patients with kidney dysfunction. We therefore
examined demographic, clinical, and socioeconomic factors associated with RAS inhibitor
use in patients recovering from an AMI with a specific focus on the association of CKD,
AKI and left ventricular function on treatment patterns. We hypothesized that among AMI
patients eligible to receive RAS inhibitors at discharge, RAS inhibitor prescription would be
substantially lower in patients with more advanced CKD (whether or not HF was present).

Study population and protocol

Details regarding the study design of the TRIUMPH study have been previously published.
[21] Briefly, 4340 patients from 24 U.S. hospitals were enrolled between April 2005 and
December 2008. Inclusion criteria included patients > 18 years of age with a diagnosis of
AMI, biomarker evidence of myocardial necrosis and either prolonged (=20 minutes)
ischemic signs/symptoms or electrocardiographic ST-wave changes. Patients included must
have had creatinine available on admission and subsequent in-hospital creatinine values and
been discharged alive. Exclusion criteria included: (a) a documented contraindication to
RAS inhibitor, which was prospectively collected; (b) lack of a serum creatinine value on
admission; or (c) lack of a second creatinine value during hospitalization. RAS inhibitor
prescription at discharge was recorded.

The study was undertaken in accordance with the principles of the Declarations of Helsinki.
Each participating hospital obtained Institutional Research Board approval, and all patients
provided written informed consent.

Definition of terms

Moderate to severe systolic HF was defined as having a left ventricular ejection fraction
(LVEF) of less than 40%.[22] Renal function at baseline was determined by calculating the
estimated glomerular filtration rate (eGFR) from admission creatinine using the CKD-EPI
equation.[23] Patients with eGFR>90 ml/min/1.73m?2 were designated as “normal kidney
function”, while patients with eGFR 60 — 89 ml/min/1.73m2, 30 — 59 ml/min/1.73m?2, and <
30 mI/min/1.73m?2 were designated as having “mild”, “moderate”, and “severe” CKD,
respectively. End-stage renal disease (ESRD) was a separate category in our analysis, which
comprised patients on chronic dialysis. AKI was defined as an increase in the serum
creatinine level of 0.3 mg/dL or a 50% increase in the creatinine level during the hospital
stay, as compared with the admission value.[24]

Statistical Analysis

We divided the cohort into five groups of renal function according to eGFR (normal kidney
function, mild CKD, moderate CKD, severe CKD, and dialysis-dependent ESRD) and
compared the baseline characteristics across each category. Categorical variables were
compared with Chi-squared or Fisher exact tests and continuous variables were compared
with an independent one-way analysis of variance. We then compared the frequencies of
RAS inhibitor use at discharge between all renal function categories using the Mantel-
Haenszel trend test, stratified by presence or absence of AKI as well as by presence or
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absence of moderate to severe systolic HF. A Hierarchical modified Poisson model was used
to assess the independent association between renal function and RAS inhibitor use at
discharge. Site was entered as a random effect to account for patient clustering, and site-
level variation was explored with a median rate ratio (MRR), which estimates the average
likelihood of the same patient being treated with RAS at one random hospital as compared
with another. To avoid overestimation of effect sizes, modified Poisson model was used
because RAS inhibitor use occurred >10% of the time.[25]

To examine whether or not the occurrence of AKI had more of an impact in certain renal
function categories, we assessed the interaction of renal function category and AKI (of note,
cause of AKI was not available). A sensitivity analysis eliminated individuals who
experienced hyperkalemia during the admission. Covariates included race, gender, age,
insurance status, presence of LVEF dysfunction, occurrence of an STEMI, smoking status
obesity, and histories of myocardial infarction (MI)/percutaneous coronary intervention
(PCl)/coronary artery bypass grafting (CABG), congestive heart failure (CHF), atrial
fibrillation (AF), peripheral vascular disease (PVD), cerebrovascular accident (CVA),
hypertension (HTN), diabetes mellitus (DM, and dyslipidemia. Race, which was classified
as White/Caucasian, Black/African-American, or Other, was self-reported by the participant
and recorded by the study nurse coordinators; information on race was considered to be
essential since utilization of recommended medications varies by race. Approximately, 9.5%
of patients had missing covariate data: 9.2% were missing only 1 value and 0.3% were
missing 2 or 3 values, with the highest missing rate for any single variables being 5.3% (for
obesity). Missing covariate data was accounted for using single imputation with IVEWARE.
[26] All analyses were conducted using SAS v9.3 (SAS Institute, Inc., Cary, NC), and
statistical significance was determined by a 2-sided p-value of <0.05.

The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its final contents. The sources of funding
were an NIH (NIDDK) grant (K23 DK085378, to JBW) and, for TRIUMPH, a grant from
the NIH (NHLBI) to Washington University School of Medicine (SCCOR Grant
#P50HLO077113-01).

Study population

Of the 4316 TRIUMPH patients who survived to discharge, 39 had a documented
contraindication to RAS inhibitors and 54 were missing an admission or subsequent
creatinine, leaving 4223 participants in the analytic cohort (Figure 1). Their characteristics
are shown in Table 1. The mean age was 59.0 years, 67.0% were male, 67.3% were white,
31.0% had diabetes, and 66.7% had hypertension. Among the participants, 1220 (28.9%)
had normal kidney function, 1958 (46.5%) had mild CKD, 818 (19.4%) had moderate CKD,
and 146 (3.5%) had severe CKD based upon patients’ admission eGFR. Eighty-one (1.9%)
had dialysis-dependent ESRD. ST-elevation AMI was diagnosed in 1814 (43.3%)
participants, while inhospital PCI and CABG were performed in 65.4% and 9.0%,
respectively. During hospitalization, 498 (12.4%) participants developed AKI. Upon
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discharge, moderate to severe systolic dysfunction was documented in 783 (18.6%) of
participants.

RAS inhibitor prescription: effect of CKD

Overall, 3177 (75.2%) participants were prescribed RAS inhibitors at the time of discharge,
which varied by the presence of systolic dysfunction. Among those with EF < 40%, 81.7%
received RAS inhibitors as compared with 73.7% of those with EF = 40% (P<0.001). The
patterns of RAS inhibitor use by level of eGFR, stratified by presence of systolic HF are
shown in Figure 2 and Table 2. Generally, RAS inhibitor use decreased significantly as level
of eGFR decreased in both those with systolic HF and those without (Mantel-Haenszel trend
test P<0.001). For example, in patients with systolic HF, the rate decreased from 89.3% in
participants with eGFR = 90 mL/min/1.73m? to 52.4% in participants with eGFR < 30
mL/min/1.73m? (P for trend <0.001). The same general pattern was present in participants
with intact EF, where 76.1% received RAS inhibitors in the eGFR > 90 mL/min/1.73m?
group and 49.0% in the eGFR < 30 mL/min/1.73m? group (P for trend <0.001). Absolute
prescribing rates were higher for participants with EF < 40%, regardless of eGFR. In the
eGFR = 90 mL/min/1.73m2 group, RAS inhibitors were prescribed 13.2% less often, in
absolute terms, in participants with EF = 40% compared to EF < 40%, while in the eGFR <
30 mL/min/1.73m2 group, this difference was 3.4%. However, formal interaction testing
revealed that the difference by EF across categories of renal dysfunction was not significant
(P=0.40).

Because patients on dialysis are qualitatively different from others, they were not included
in the trend analyses. Patients on dialysis had rates of RAS inhibitor prescription between
those with eGFR < 30 mL/min/1.73m? and those with eGFR 30 — 59 mL/min/1.73m?, for
both categories of EF.

RAS inhibitor prescription: effect of AKI

Overall, AKI was associated with decreased use of RAS inhibitors at discharge (Table 2).
As baseline eGFR decreased, differential use between those with and without AKI tended to
increase. For example, there was only a 1.5% difference in use by AKI status in patients
with eGFR = 90 mL/min/1.73m2 (78.4% versus 77.9%), but an 11.0% difference in the
eGFR 60 — 89 mL/min/1.73m? group and a 13.3% difference in the eGFR < 30 mL/min/
1.73m2 group. The formal test of interaction of eGFR and AKI was significant (p < 0.01).
Notably, there was no interaction between AKI and level of EF (P=0.25) for RAS inhibitor
prescribing.

Factors associated with RAS inhibitor use

Figure 3 demonstrates the fully-adjusted strength of association between different patient
characteristics and the use of RAS inhibitors at discharge. AKI was found to have a
significant interaction with baseline kidney function. Among those without AKI, severe
(eGFR < 30 ml/min/1.73m2) and moderate (eGFR of 30 — 59 ml/min/1.73m?) renal
dysfunction were independently associated with significantly less use of RAS inhibitors
compared to those with normal renal function, having observed relative risks of 0.67 (95%
Cls 0.58 — 0.78) and 0.94 (0.90 — 0.99), respectively. There was no significant association
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between mild renal dysfunction (eGFR of 60 — 89 ml/min/1.73m?2) and with normal renal
function; RR = 0.99 (95% ClI’s 0.96 — 1.02).

Among those with AKI, lower eGFR was associated with less use of RAS inhibitors: RR
0.50 (0.42 — 0.61) for eGFR < 30 mI/min/1.73m2, RR 0.78 (0.68 — 0.88) for eGFR 30 — 59
ml/min/1.73m2, and RR 0.84 (0.76 — 0.93) for 60 — 89 mL/min/1.73m2. Dialysis patients
were also significantly less like to receive RAS inhibitors (RR 0.75, 0.67 — 0.83).
Participants with LVEF < 40% as well participants who experienced a STEMI were also
significantly more likely to receive a RAS inhibitor (RR 1.11 and 1.14, respectively),
independent of renal function.

In a sensitivity analysis, individuals (n = 36) who experienced hyperkalemia during
admission were excluded. Results of the model were nearly identical; among those without
AKI, severe and moderate renal dysfunction were again independently associated with
significantly less use of RAS inhibitors, with relative risks of 0.67 (0.58 — 0.78) and 0.95
(0.90 - 0.99), respectively; as before, there was no significant association with prescription
and mild renal dysfunction and normal renal function. Among those with AKI, lower eGFR
was associated with less use of RAS inhibitors: RR 0.52 (0.43 — 0.63) for eGFR < 30
ml/min/1.73m2, RR 0.78 (0.69 — 0.89) for eGFR 30 — 59 ml/min/1.73m?2, and RR 0.85 (0.76
—0.94) for 60 — 89 mL/min/1.73m?2. Dialysis patients were again significantly less like to
receive RAS inhibitors (RR 0.76, 0.69 — 0.85).

RAS inhibitor prescription: effect of site

The median rate ratio (MRR) for RAS inhibitor prescription across the 24 sites was 1.09,
suggesting little variation across centers in the use of RAS inhibitors, after adjusting for
patient characteristics.

Discussion

Prescription of RAS inhibitors is an evidence-based cornerstone of care for the secondary
prevention of MI, particularly in patients with moderate to severe systolic HF (LVEF <
40%).[4, 5] However, concern exists about the use of RAS inhibitors in the context of
kidney disease, given that these agents can worsen renal function and promote
hyperkalemia. Because AMI patients frequently harbor significant underlying CKD, or
experience AKI during their hospital course, a fuller understanding of how RAS inhibitors
are used in this setting can inform future quality-improvement efforts. As such, our study
was designed to carefully examine the respective roles of decreased ejection fraction, CKD,
and AKI in RAS inhibitor prescription after AMI. Using a large, multi-center AMI registry,
we found that renal status, as determined by the presence of either CKD or AKI, appeared to
be more strongly associated with RAS inhibitor use after AMI than decreased ejection
fraction. While other studies have also demonstrated systematic underuse of several cardinal
post-AMI therapies, such as aspirin, 3-blockers, and ACE inhibitors, in patients with CKD
and dialysis-dependent ESRD,[20, 27-29] our study suggests that prescribers may be
preferentially weighing renal function, as opposed to EF, in their decision-making process.
This is an important finding, given what is known about both the beneficial effects and the
potential risks of these agents in the setting of AMI, heart failure and kidney disease.
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There is substantial interest in the cardiology community concerning optimal allocation of
cardiovascular treatments [30] so that the patients who are most likely to benefit from
specific treatments are the ones preferentially receiving them. In patients with AMIs, RAS
inhibitors should be prescribed unless contraindications are present, especially if systolic
heart failure is present. RAS inhibitors slow the progression of diabetic kidney disease,[10]
decrease proteinuria in CKD,[12] and inhibit fibrosis,[31] and therefore have a strong
rationale for use in most types of kidney disease. As such, AMI patients with CKD, and
especially those with low EF, would seem to be appropriate candidates for these drugs.

In contrast to this clinical logic, we found that RAS inhibitor use decreased significantly as
CKD stage worsened, with even dialysis-dependent patients having a rate below that of
individuals with eGFR 30 — 59 mL/min/1.73m2. Moreover, we found that while decreased
ejection fraction appeared to be a factor driving prescribing decisions, it was at best only a
modest one, given that our model revealed a RR of only 11% in a fully-adjusted model that
accounted for renal function. Indeed, at each stage of CKD, prescribing percentage was only
slightly higher in patients with low EF compared to those with intact EF, and there was no
statistical interaction between EF and stage of CKD upon formal testing.

Our finding of apparent underuse of RAS inhibitors, as noted previously by others,[32, 33]
suggests reluctance among prescribers to employ these agents in the setting of CKD. Such
reluctance, however, may not be justified in light of the results from clinical trials. For
example, the benefits of RAS inhibitors was studied in an analysis of 6867 participants with
CKD from the two SYMPHONY trials, which demonstrated that the 90-day mortality
benefits of ACE inhibitors were greatest in acute coronary syndrome patients with the most
advanced CKD.[17] Another report from the ADVANCE study, which enrolled patients
with new-onset coronary heart disease (CHD), suggested that the effect of CKD on
subsequent cardiovascular events and death might be accounted for almost fully by the use
of “cardioprotective” medications, such as HMG-CoA reductase inhibitors, B-blockers,
calcium channel blockers, and RAS inhibitors.[34] Nihilism about the benefits of RAS
inhibitors in preventing progression of CKD to ESRD should also not deter prescribing these
agents. In a post hoc analysis[35] of the RENAAL trial,[13] randomization to an ARB
(versus placebo) resulted in decreased risk of ESRD, an effect which increased, in relative
terms, as eGFR decreased. As a result, hesitancy in prescribing these agents may mean that
patients who might particularly benefit from RAS inhibitors, namely those with CKD and
decreased EF,[36] are not receiving it.

Acute, as opposed to chronic, kidney disease was also associated with RAS inhibitor
prescribing decisions. RAS inhibitor prescription rates decreased across strata of eGFR more
strongly when accompanied by AKI, as formally demonstrated by the statistical interaction
between CKD and AKI. This was not unexpected, given that worsening renal function
during the post-AMI period is associated with adverse outcomes.[18] Information as to the
cause of AKI was not available in our dataset; it is certainly possible that continuation of
pre-admission RAS inhibitors or early introduction of these agents (that is, prior to
discharge) was the cause of AKI in some patients. For some of these patients, withholding
RAS inhibitors at discharge would have been the appropriate clinical response. However,
while AKI is a undoubtedly a clinical scenario which demands particular scrutiny, careful
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consideration of the ramifications of RAS inhibitor-induced changes in creatinine and
potassium is required when weighing the benefits and risks of therapy. An acute post-
initiation rise in serum creatinine is most often a functional and reversible change, and is
associated with improved renal outcomes in diabetic patients with CKD;[37] this is likely
the case in patients with non-diabetic CKD as well. While a rise in serum potassium after
introduction of an ACEI or ARB is not uncommon[38] and, over the long term, is associated
with an increased rate of progression to ESRD, careful laboratory monitoring in the post-
initiation period can be used to identify patients at risk for this outcome[39] and therapy can
then be discontinued in those who manifest laboratory abnormalities. As such, patients
recovering from AKI, especially those with CKD or reduced EF, might be prudently
challenged with a RAS inhibitor at a future date following a return to baseline eGFR.

Perhaps most difficult to explain is our finding of low rates of use in patients undergoing
chronic dialysis. While RAS inhibitors can promote hyperkalemia even in patients who are
functionally anephric (hypothesized to be via inhibition of the intestinal Na/K ATPase),[40]
there is some evidence that ACE inhibitors are beneficial in this patient population.[41-43]
Further, both heart failure and its precursor, left ventricular hypertrophy, are common in
dialysis patients, providing added rationale for use of these agents when safe and practical.
Because dialysis patients have serum potassium levels measured routinely on a monthly
basis, potentially untoward effects are relatively easy to detect and monitor.

Our findings should be interpreted in the context of several potentially important limitations.
The use of the admission creatinine to estimate eGFR and therefore define the presence of
CKD is imperfect, since an impaired eGFR at time of admission may be a result of the AMI
itself rather than be reflective of baseline CKD. This could result in misclassification of
chronic disease as acute. We may have underestimated the appropriateness of withholding
these agents if, for example, patients had discomfiting rises in serum creatinine or
potassium, untoward effects which a provider want to avoid in the post-AMI period. We
also did not have information on hypotension, which would an appropriate reason to
withhold RAS inhibitors. In addition, while the TRIUMPH study collected extensive
patient-level data, unmeasured confounding may still be present. Finally,, little follow-up
data was available to better define adverse renal consequences for using, or not using, RAS
inhibitors at discharge, and so more work is required to examine post-discharge RAS
inhibitor prescribing patterns.

Conclusions

We found, in a large, multi-center, US population of AMI patients, that use of RAS
inhibitors decreased as eGFR declined. CKD appeared to play a larger role in RAS inhibitor
prescriber decisions than did the presence of a reduced ejection fraction, and the
combination of AKI and CKD was a particularly large barrier to the prescription of these
drugs. However, given what is known about the benefits and risk of RAS inhibitors in both
the post-AMI and CKD settings, it is possible that patients who would benefit from these
drugs are not receiving them; more work is needed.
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TRIUMPH cohort from 24 U.S. centers

n=4340

!

Surviving to discharge

n = 4316 remaining

)

Without contraindications to RAS inhibitors

n = 4277 remaining

!

With adequate initial and subsequent Cr
values for eGFR assessments

n = 4223 remaining
in final cohort

Figure 1.
Flowchart demonstrating the creation of the study cohort.

Abbreviations: RAS, renin-angiotensin system; Cr, creatinine; eGFR, estimated glomerular
filtration rate
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Renin-angiotensin system inhibitor use proportion by estimated glomerular filtration rate.
X-axis values are estimated glomerular filtration rates, in mL/min/1.73m?2

Abbreviations: EF, ejection fraction
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Rate ratio for discharge prescription of a RAS inhibitor
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Forest plot of rate ratios for discharge prescription of a renin-angiotensin system inhibitor.
Abbreviations: HTN, hypertension; DM, diabetes mellitus; MI, myocardial infarction; PCI,

percutaneous coronary intervention; CABG; coronary artery bypass grafting; CHF,
congestive heart failure; Afib, atrial fibrillation; CVA, cerebrovascular accident; PVD,

peripheral vascular disease; STEMI, ST-elevation MI; EF, ejection fraction; AKI, acute

kidney injury; eGFR, estimated glomerular filtration rate.
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