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Abstract

Background—Hyperkalemia is common and potentially dangerous in hospitalized patients; its
contemporary prevalence and prognostic importance following acute myocardial infarction are not
well described.

Methods—In 38,689 consecutive acute myocardial infarction patients from the Cerner Health
Facts database, we evaluated the association between maximum in-hospital potassium levels (max
K) and in-hospital mortality. Patients were stratified by dialysis status, and grouped by max K as
follows: <5 mEg/L, 5-<5.5 mEg/L, 5.5-<6.0 mEg/L, 6.0-<6.5 mEg/L, and = 6.5 mEqg/L.
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Multivariable logistic regression was used to adjust for multiple patient and site characteristics.
The relationship between number of hyperkalemic values and in-hospital mortality was also
evaluated.

Results—Of 38,689 acute myocardial infarction patients, 886 were on dialysis. The rate of
hyperkalemia (max K = 5.0 mEg/L) was 22.6% in non-dialysis and 66.8% in dialysis patients.
Moderate-severe hyperkalemia (max K = 5.5 mEq/L) occurred in 9.8% of patients. There was a
steep increase in mortality with higher max K levels. In-hospital mortality exceeded 15% once
max K =5.5 mEq/L regardless of dialysis status. The relationship between higher max K and
increased mortality risk persisted after multivariable adjustment. In addition, patients with greater
number of hyperkalemic values (vs. a single value) experienced higher in-hospital mortality.

Conclusions—Hyperkalemia is common in patients hospitalized with acute myocardial
infarction. Higher max K levels and number of hyperkalemic events are associated with a steep
mortality increase; with higher risks for adverse outcomes observed even at mild levels of
hyperkalemia. Whether more intensive management of hyperkalemia may improve outcomes in
acute myocardial infarction patients merits further study.

Keywords

Hyperkalemia prevalence; Acute myocardial infarction; Dialysis

Hyperkalemia is a common electrolyte abnormality that can lead to serious and potentially
fatal cardiac dysrhythmias.! Prior work has consistently supported the link between
hyperkalemia and adverse cardiovascular outcomes.1=2 In the modern era, the prevalence of
chronic kidney disease and diabetes, both associated with hyperkalemia, is rising.4>
Additionally, there has been widespread adoption of practices that increase the risk of
hyperkalemia in acute myocardial infarction survivors with or without incident heart failure.
Examples of such therapies include guideline-directed use of beta-blockers®,
mineralocorticoid receptor antagonists®, and renin angiotensin aldosterone system
antagonists.” The increase in the use of these medications has been associated with
significant increases in hyperkalemia-related hospitalization and deaths.”:8:10 Further,
procedures such as percutaneous intervention and coronary artery bypass grafting, are
common in the contemporary management of acute myocardial infarction, and may
indirectly contribute to the risk of hyperkalemia via the associated incidence of contrast-
induced nephropathy!! and acute kidney injuryl2, respectively.

While prior studies have examined the U-shaped relationship between serum potassium
levels and mortality following acute myocardial infarction, neither the contemporary
prevalence nor prognostic importance of various degrees of hyperkalemia have been
described. In addition, it is unclear whether or not resolution of hyperkalemia results in
improved outcomes. Further defining the risk associated with hyperkalemia in general, as
well as with varying degrees of hyperkalemia, could help identify patients who may derive
the greatest benefit from more aggressive hyperkalemia management. Accordingly, we
analyzed data from Cerner Health Facts, a database of patients hospitalized with acute
myocardial infarction in the United States between 2000-2008, to (1) examine the
prevalence and prognosis associated with hyperkalemia in patients hospitalized for acute
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myocardial infarction, according to dialysis status; (2) describe mortality outcomes based on
persistence versus resolution of hyperkalemia; and (3) evaluate mortality outcomes based on
the number of recorded hyperkalemia events.

METHODS

Study Design and Participants

Details regarding the Health Facts® registry have been previously described.1:13 Briefly,
Cerner Corporation’s Health Facts acute myocardial infarction database is a 67-center
registry of 39,759 consecutive patients with acute myocardial infarction hospitalized
between January 1, 2000 and December 31, 2008. Data collected included patients'
demographic characteristics, medical history, comorbidities (using the International
Classification of Diseases-Ninth Revision-Clinical Modification [ICD-9-CM], codes),
laboratory studies, medications, procedures, and complications.

We queried the Health Facts database using ICD-9 codes. Documentation of acute
myocardial infarction required a primary discharge diagnosis of acute myocardial infarction,
using /nternational Classification of Diseases, Ninth Revision, Clinical Modification
(/CD-9-CM) diagnostic codes 410.xx, along with positive cardiac biomarkers. For this
analysis, we included 38,689 patients with biomarker-confirmed acute myocardial infarction
who also had at least 1 recorded potassium value (Figure 1). We included patients who had
only whole blood potassium measurements recorded as we used serum potassium values for
this analysis. Patients excluded from analysis were those admitted from hospice or
transferred from a critical access hospital and those with a length of stay over 31 days. Data
in the Health Facts database were obtained from patients' electronic medical records and
included demographic (age, sex, and race) and clinical information (medical history, in-
hospital procedures documented by /CD-9-CM codes), comprehensive laboratory data
(including all in-hospital potassium measurements), pharmacy data, in-hospital mortality
and hospital characteristics. All data were de-identified before being provided to the
investigators; thus this analysis was considered exempt from human subjects research review
by the Saint Luke's Hospital Institutional Review Board.

Definition of Hyperkalemia

Hyperkalemia was defined as at least one maximum in-hospital potassium level
measurement equaling 5 mEqg/L or greater. Moderate-severe hyperkalemia was defined as a
maximum potassium level equal to or greater than 5.5 mEg/L.

Inpatient Serum Potassium Measurements and Outcomes

The Health Facts database included all acute myocardial infarction patients' serum
potassium levels and their time of measurement relative to hospital admission. The
maximum serum potassium level was defined as the highest potassium level at any point
during hospitalization. Our primary focus was the relationship between maximum in-
hospital potassium levels and outcomes. All serum potassium values were measured and
reported in mEg/L (1 mEg/L = 1 mmol/L).
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The primary outcome for this analysis was in-hospital mortality stratified by dialysis status,
as documented in the Health Facts database. In secondary analyses, we examined in-hospital
mortality according to number of hyperkalemia values (1 vs. 2 vs. 3 or greater). We
subsequently evaluated mortality based on whether or not potassium normalized following
the highest measurement. We defined normalization as a mean potassium level of less than
5.0 mEg/L following the maximum in-hospital potassium measurement, while non-
normalization was defined as a mean potassium level greater than or equal to 5 mEqg/L
following the maximum in-hospital potassium measurement.

Statistical Analysis

Baseline demographics and clinical characteristics were compared among patients
categorized by the maximum in-hospital serum potassium levels: less than 5.0, 5.0 to less
than 5.5, 5.5 to less than 6.0, 6.0 to less than 6.5, 6.5 or greater mEg/L. Continuous
characteristics were compared using a linear trend test while categorical variables were
compared using the Mantel-Haenszel trend test. Hierarchical logistic regression was then
used (with hospital site as a random effect to account for clustering across centers) to assess
the independent association between maximum serum potassium levels and mortality, after
adjustment for potential patient- and hospital-level confounders.

Patients were stratified by dialysis status, and grouped into categories of max K (<5 mEg/L
[reference group], 5-<5.5 mEg/L, 5.5-<6.0 mEg/L, 6.0-<6.5 mEg/L, and = 6.5 mEqg/L). For
the multivariable models, predictor variables were chosen a prioribased on factors
previously shown to be associated with in hospital mortality. Covariates included in our
main model assessing the association of mortality with hyperkalemia in non-dialysis
dependent patients included age, sex, and race; baseline comorbidities captured by /CD-9-
CM codes (diabetes, heart failure, hypertension, cerebrovascular disease, peripheral vascular
disease, lung disease, dementia); other laboratory values on admission (glucose, white blood
cell count, hematocrit, glomerular filtration rate); peak cardiac troponin level (a marker of
infarct size); number of potassium checks per patient; cardiogenic shock and acute
respiratory failure on admission (determined by /CD-9-CM codes); in-hospital procedures
captured by /CD-9-CM codes (cardiac catheterization, percutaneous coronary intervention,
and coronary artery bypass graft surgery); in-hospital complications (acute kidney injury
defined by the Acute Kidney Injury Network as an increase in serum creatinine from
laboratory (not ICD-9-M codes) by =0.3 mg/dL from baseline, or a relative increase in
serum creatinine of =50%, during hospitalization); length of hospital stay; and medications
during hospitalization (fibrinolytic therapy, aspirin, clopidogrel, ticlopidine, p-blockers,
angiotensin-converting enzyme [ACE] inhibitors or angiotensin Il receptor blockers, calcium
channel blockers, nitrates, diuretics, bronchodilators, statins, insulin treatment, and oral
antihyperglycemic agents).

For the model evaluating relationship of dialysis dependence and in-hospital mortality
stratified by potassium level, the covariates included were nearly identical to those used in
the main model, except we did not include acute kidney injury or initial glomerular filtration
rate.
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In secondary analyses, we examined crude mortality rate according to the number of
hyperkalemic values (1 vs. 2 vs. 3 or greater). Next, we examined crude in-hospital mortality
rates according to whether or not the potassium levels normalized following the highest
potassium measurement using Ch/ square test. Additionally, a multivariable logistic
regression model was constructed to examine the relationship between post-maximum
potassium level normalization in patients with hyperkalemia and in-hospital mortality. For
this model, we used the same covariates as those included in the logistic model evaluating
the relationship of categories of hyperkalemia and in-hospital mortality. Lastly, we used a
sensitivity analysis to evaluate the association between varying degrees of hyperkalemia and
in-hospital mortality after excluding patients who died within 24 hours of admission.

Missing baseline data (mean number of missing items per patient= 0.34) were imputed using
IVEware (Imputation and Variance Estimation Software; University of Michigan’s Survey
Research Center, Institute for Social Research, Ann Arbor, MI). All remaining 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.

Study Population

Of 38,689 acute myocardial infarction patients in our analytic cohort, 886 (2.3%) were on
prior maintenance dialysis. The median number of acute myocardial infarction patients from
each hospital was 219 (interquartile range [IQR]: 48 to 1030). The 67 hospitals that
contributed data to this analysis were comparable in their characteristics to those reported in
other national registries: they were most commonly urban centers (88.5%), were less
frequently teaching hospitals (35.9%), and represented all geographic regions of the United
States (Northeast 38.5%, Midwest 25.6%, South 26.9%, and West 9%).

Hyperkalemia Prevalence and Prognosis

The prevalence of any hyperkalemia (max K >5 mEg/L) in the overall cohort was 23.6%,
while moderate-severe hyperkalemia (max K = 5.5 mEg/L) occurred in 9.8% of patients.
The median number of potassium measurements per patient with hyperkalemia was 8.0
(IQR, 4.0-14.0) vs. 3.0 (IQR, 2.0-6.0) in patients without hyperkalemia. The median length
of stay for patients with hyperkalemia was 7.3 days (IQR, 4.2-11.6) vs. 3.8 days (IQR, 2.5-
6.0) in patients without hyperkalemia. A maximum potassium level of 5 mEg/L or greater
occurred in 66.8% of patients who were dialysis-dependent and in 22.6% of patients who
were not dialysis-dependent. Moderate-severe hyperkalemia occurred in 41.0% and 9.1%
who were and were not dialysis-dependent, respectively. Patients with higher maximum
potassium levels were older and had a greater burden of comorbidities including higher
burden of heart failure, lung disease and acute kidney injury and any renal disease. They also
had lower median estimated glomerular filtration rate, lower hemoglobin, and higher glucose
and peak troponin levels (Table 1).

There was a steep increase in mortality with higher maximum potassium levels; this
relationship was linear in non-dialysis patients, while a plateau was observed in dialysis
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patients (Figure 2). In the overall cohort, patients with higher max potassium levels
experienced higher in-hospital mortality rates, as follows: 4.2%, 11.1%, 16.6%, 26.6%,
31.7% (p value for trend <0.001) for maximum potassium categories <5, 5 - <5.5, 5.5 - <6.0
mEg/L, 6 — <6.5 mEq/L, 6.5 mEq/L, respectively. The relationship between maximum
potassium and mortality persisted within each dialysis subgroup after multivariable
adjustment. Adjusted odds ratios (OR) for in-hospital mortality based on maximum
potassium of 5 — <5.5, 5.5 — <6.0 mEg/L, 6 — <6.5 mEq/L, 6.5 mEq/L versus <5 mEg/L
were 2.03 (95% CI 1.79-2.31), 2.79 (2.35-3.31), 4.62 (3.74-5.71), 4.97 (3.96-6.25)
respectively for patients who were dialysis-dependent. The odds for in-hospital mortality
among non-dialysis patients, in comparison to a reference potassium value of <5 mEg/L
were 1.62 (1.41-1.87), 2.02 (1.68-2.43), 3.18 (2.51-4.03), 3.37 (2.60—4.36). In a sensitivity
analysis excluding patients that died within 24 hours of admission from the primary model,
we found that in the odds of in-hospital mortality rates were similar to those of the primary
model (data not shown).

In-hospital mortality according to potassium normalization

Of all patients with any hyperkalemia and at least one potassium measurement following the
maximum potassium level (n=7549), 6788 experienced potassium normalization to <5
mEq/L, and 761 patients’ levels did not. Following multivariable adjustment, patients whose
potassium level did not normalize were found to have greater than twice the odds of in-
hospital mortality (OR 2.22, 95% CI 1.74-2.78) as compared with those whose potassium
levels did normalize.

Mortality according to number of hyperkalemia values

Among patients with in-hospital hyperkalemia, the mortality rate was 13.4% for patients
with a single measurement of potassium =5 mEg/L, while it was 16.2% in patients who had
2 potassium measurements of a level of =5 mEqg/L, and 19.8% in patients with 3 or more
potassium measurements =5 mEg/L.

DISCUSSION

In this large multicenter, contemporary cohort with acute myocardial infarction, we found
that hyperkalemia occurred in approximately twenty percent of non-dialysis patients and
sixty five percent of dialysis patients. There was a graded mortality increase with higher
maximum potassium levels, particularly in non-dialysis patients; and with greater number of
hyperkalemia values. Furthermore, in-hospital mortality risk was more than double among
patients with hyperkalemia whose potassium levels remained persistently hyperkalemic
versus those whose levels normalized during hospitalization. To our knowledge, our study is
among the first to describe the prevalence of hyperkalemia, and the steep increase in-hospital
mortality associated with hyperkalemia in patients hospitalized with acute myocardial
infarction who are and are not dependent on renal replacement therapy.

Prior Studies

Reports of the prevalence of hyperkalemia in cardiovascular diseases have thus far been
variable. In a large cohort of patients hospitalized with acute myocardial infarction, Goyal et
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al examined the association of potassium levels with in-hospital ventricular arrhythmias,
cardiac arrest, finding an increase in the risk of in-hospital death among those with
potassium levels of 5.5 mEqg/L.1 Serum potassium levels in the high-normal or mildly
elevated range (4.5 — 5.5 mEq/L) were also associated with significantly increased
mortality.214 An older prior study included 1074 patients with acute myocardial infarction
and demonstrated a U-shaped relationship between potassium levels and early postinfarction
ventricular fibrillation events, but lacked power to show an association between potassium
level and mortality, and was performed in the era preceding current advancement in acute
myocardial infarction management.1>

Several studies have reported increased hyperkalemia trends associated with widespread
adoption of medications including angiotensin converting enzyme inhibitors16, aldosterone
receptor blockers?, spironolactone’18. Our study extends prior work by describing
mortality according to varying degrees of hyperkalemia, as well as examining outcomes
stratified by the number of hyperkalemia values and normalization (versus persistence) of
hyperkalemia.

Clinical implications

Recognition of hyperkalemia is especially important in patients with cardiovascular disease,
such as those with acute myocardial infarction. Our findings highlight the frequency of
hyperkalemia following acute myocardial infarction. Though treatment effect was not
evaluated in this analysis, it is noteworthy that resolution of hyperkalemia does portend a
better prognosis than persistent hyperkalemia. We feel that the poor prognosis associated
with hyperkalemia should prompt clinicians to evaluate their patients for potentially
modifiable factors that are associated with hyperkalemia following acute myocardial
infarction.. In terms of hyperkalemia management, the few more traditional approaches to
pharmacologic management of hyperkalemia, including intravenous insulin and sodium
bicarbonate, have conflicting data supporting their efficacy. Several new products are in
development, including patiromer calcium and sodium zirconium cyclosilicate (2S-9).19-21
Phase 3 clinical trials have been recently completed in outpatients with chronic kidney
disease and hyperkalemia. Although these novel treatment modalities may ultimately change
the way hyperkalemia is managed in the hospital, they are still undergoing investigation in
the acute and outpatient settings. Our study is particularly timely in light of development of
new medications for the management of hyperkalemia, and highlights an opportunity to
investigate the heterogeneity of treatment benefit of these agents. Furthermore, whether
more aggressive treatment of hyperkalemia will improve patient outcomes is still unknown,
and requires further study.

Limitations of the study

Our study findings should be considered in the context of several potential limitations. We
recognize that hemolysis can contribute to hyperkalemia and that rates of hemolysis are
higher in initial emergency room phlebotomy specimens compared to those taken later when
in hospital. However, should a significant number of pseudohyperkalemic events have
occurred due to hemolysis, we feel that this would have biased our results toward the null. In
terms of the analysis, first, because of the observational nature of our analyses, we cannot
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rule out the possibility of residual confounding despite adjustment for numerous potential
confounders. Therefore, our data cannot be used to determine whether hyperkalemia is a
marker or mediator of adverse outcomes, particularly if the peak K occurred around the time
of a patient’s death. Second, we did not evaluate hyperkalemia treatment interventions in
this study, so no inference could be made regarding the cause of normalization (or lack
thereof) of hyperkalemia. Last, our study focused on in-hospital mortality; and did not
examine the relationship between hyperkalemia and other outcomes.

Our findings reveal that hyperkalemia is very common in patients hospitalized with acute
myocardial infraction, and associated with marked increases in mortality, even with mild
potassium elevations — both in patients with and without end-stage renal disease.
Furthermore, patients with more frequent and persistent hyperkalemia experience higher in-
hospital mortality as compared to those with transient potassium elevations. These results
should prompt further investigation to determine whether more aggressive management of
hyperkalemia can improve outcomes in patients hospitalized with acute myocardial
infarction.
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Statement of Clinical Significance

We describe the high prevalence of hyperkalemia in patients presenting
with acute myocardial infarction

There is a steep increase in-hospital mortality associated with
hyperkalemia in patients hospitalized with acute myocardial infarction
who are and are not dependent on renal replacement therapy

These findings are particularly topical in light of recently published
data exploring outcomes associated with use of novel pharmacologic
agents for the management of hyperkalemia
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Patients admitted for acute
myocardial infarction:

n=39759
Patients admitted from hospice or
critical care (n=81)
A 4
Eligible for analysis
n=39678
Patients with length of stay >31
days (n=393)
Patients without potassium
measurement or with whole blood
measurement only (n=54)
\ 4

( Analyzed (n=38689) J

Patients without
hyperkalemia
n=29560

Patients with hyperkalemia
n=9129

Figure 1. Flow chart of analytic cohort from Health Facts database
Flow chart of analytic cohort
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In Hospital Mortality by Severity of Hyperkalemia

50% A
0 Overall P values for comparison

45% 1 across max K categories <0.001 in
g 40% - both dialysis and non-dialysis
< subgroups
£ 35% - 33%
[a <
é‘ 30% A
s
5 25% 1
=
= 20% -
=
7 15% A
o
T
= 10% A

5% A
4%
0%
<5.0 5.0 to <5.5 5.5to <6 6 to <6.5 6.5 +

Maximum In-Hospital Potassium Level (mEq/L)

No Dialysis e= e= Dialysis

Figure 2. In-hospital mortality rates stratified by degree of hyperkalemia and dialysis status
In-hospital mortality in the Cerner Health Facts database stratified by categories of

hyperkalemia severity and dialysis status
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In Hospital Mortality by Severity of Hyperkalemia*

Non-Dialysis Dialysis
OR (95% Cl) OR (95% C1)
r o g].ez_g._u,msn 203(1.79,231)
1 2.02(1.68,2.43 L 2.79(2.35,3.31
MaxK:5.5-<6 : s 23 5 (235,331
T § 3.18 (2,51, 4.03) | 4,62 (3.74,5.71)
. 3.37(2.60,4.36 ? 4.97 (3.96, 6.25
MaxK: = 6.5 ; v ; )
| % ] | 1 | % | | 1
05 1 2 4 8§ 05 1 2 4 8

*all are compared to a reference group of max K <5

Model adjusted for patient demographics, AMI type, AKI, dlinical factors (HTN, HLD, heart failure, shock,
cerebrovascular disease, PVD, lung disease, acute respiratory failure, dementia, liver disease, CKD, ESRD,
diabetes), in hospital procedures (cath, PCl, CABG, mechanical ventilation), creatinine, GFR, glucose, Hb/HCT,
cardiac biomarkers, LOS, in hospital medications including ACE, ARB, insulin, and hospital characteristics

Figure 3. Adjusted in-hospital mortality based on severity of hyperkalemia
Adjusted and unadjusted odds of in-hospital mortality based on severity of hyperkalemia
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Table 2
Unadjusted in hospital mortality rate by number of hyperkalemia values

In-hospital mortality based on number of hyperkalemia events

Number of Hyperkalemia | In-Hospital Mortality | P-value for trend
0,

Values (%)

0 values =5 4.2

1 value =5 134
<0.0001

2 values of =5 16.2
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3 or more values =5

19.8
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