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Abstract

Background—Hyperkalemia is a potential threat to patient safety in chronic kidney disease
(CKD). This study determined the incidence of hyperkalemia in CKD and whether it is associated
with excess mortality.

Methods—This retrospective analysis of a national cohort comprised of 2,103,422 records from
245,808 veterans with at least one hospitalization and at least one inpatient or outpatient serum
potassium record during fiscal year 2005. CKD and treatment with ACE-1 and/or ARBs (RAAS
blockers) were the key predictors of hyperkalemia. Death within one day of a hyperkalemic event
was the principal outcome.

Results—Of the 66,529 hyperkalemic events (3.2% of records), more occurred inpatient (34937
(52.7%)) versus outpatient (31322 (47.3%)). The adjusted rate of hyperkalemia was higher in
patients with CKD than without CKD among individuals treated with RAAS blockers (7.67 vs.
2.30 per 100 patient months, p<0.0001) and those without RAAS blocker treatment (8.22 vs. 1.77
per 100 patient months, p<0.0001). The adjusted odds (OR) of death with a moderate (K*>5.5
and < 6.0mg/dl) and severe (K*= 6.0 mg/dl) hyperkalemic event was highest with no CKD (OR:
10.32, 31.64, respectively), versus Stage 3 (5.35, 19.52), Stage 4 (OR: 5.73, 11.56), or Stage 5
CKD (OR: 2.31, 8.02) with all p<0.0001 versus normokalemia and no CKD.

Conclusion—The risk of hyperkalemia is increased with CKD, and its occurrence increases the
odds of mortality within one day of the event. These findings underscore the importance of this
metabolic disturbance as a threat to patient safety in CKD.
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Introduction

Chronic kidney disease (CKD) is a common diseasel, affecting a growing number of
Americans, and it may be associated with a variety of electrolyte disturbances2. One such
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disturbance, hyperkalemia, is of great concern to providers treating patients with CKD
because of its possible implications for patient safety related to the potential for associated
adverse cardiac outcomes3-5. Patients with CKD may be predisposed to hyperkalemia for a
variety of reasons. Principal causes include their impaired glomerular filtration rate (GFR)
combined with a frequently high dietary potassium intake relative to residual renal function,
a commonly observed extracellular shift of potassium caused by the metabolic acidosis of
renal failure?:3, and most importantly, recommended treatment with renin-angiotensin
aldosterone system (RAAS) blockers that inhibit renal potassium excretion’=2.

Few studies have determined the frequency of hyperkalemia in a large CKD population and
the extent that this metabolic disturbance is associated with adverse outcomes. Such
information is needed to determine the significance of hyperkalemia as a disease specific
patient safety measure. In this study, we examined a national cohort of patients cared for
over a single year in the Veterans Health Administration (VHA) to determine the incidence
of hyperkalemia in CKD relative to non-CKD patients, and in the presence or absence of
treatment with a RAAS blocker. We determined the significance of hyperkalemia by
examining its association with subsequent short-term mortality in this population.

Study Design

This was a retrospective observational study of a national cohort of veterans cared for in the
Veterans Health Administration (VHA).

Setting and Data Sources

Participants

Variables

The setting and data sources used for this study have been previously reported and
described19. Briefly, the VHA national health care system provides care to veterans at
numerous inpatient and outpatient facilities across the country and is considered the largest
integrated national health care system in the United States!. The study data set was derived
from fiscal year 2005 and linked acute inpatient data to outpatient laboratory data and vital
status data for each veteran. The source data files included the Patient Treatment File (PTF),
the Outpatient Care File (OPC), and the Decision Support System (DSS) Laboratory Result
Files11:12, This study was approved by the Institutional Review Board of the University of
Maryland, Baltimore and the Research & Development Committee of the Maryland VA
Healthcare System.

The study population consisted of veterans with at least one hospitalization from 10/1/2004—
9/30/2005, an outpatient measure of serum creatinine prior to hospitalization (index CKD
date) and complete demographic data (race, gender, age) to determine estimated glomerular
filtration rate (eGFR) and CKD classification. The index GFR was calculated from the
serum creatinine obtained between one week and one year and most proximate to the
admission date of the index hospitalization. For inclusion in the study, patients also needed
at least one potassium value measured during the study year, and this potassium value could
be recorded during either an inpatient or outpatient period. If there was more than one record
per subject per day, we selected only the record with the highest potassium value of that day
for inclusion in the data set.

The primary exposure was the presence of CKD, defined by an eGFR < 60 131 ml/min/
1.73m2 using the abbreviated MDRD equation’3. We elected to use one measure of renal
function to classify subjects with or without CKD because of the unavailability of repeated
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measures among a substantial portion of the study cohort. The use of a single measure of
renal function to identify patients with CKD is consistent with other large cohort
studies’:14-16_ If patients met the requirements for CKD, they were further classified by
stage of CKD based on their eGFR7.

Incidence of hyperkalemia was the primary outcome. Using previously defined thresholds
for hyperkalemia, we set moderate hyperkalemia to be a serum potassium level greater than
or equal to 5.5 mg/dl but less than 6.0 mg/dI18, with more severe hyperkalemia set at greater
than or equal to 6.0 mg/dI1?. To determine the significance of hyperkalemia after its
occurrence, mortality on the day of or the day following (1-day mortality) the hyperkalemic
event was chosen as the key adverse outcome. If there were multiple potassium records
associated with a 1-day period, the record with the highest potassium value was included in
the analysis, regardless of when it occurred in the 1-day period. We chose this short time
interval to ensure a feasible link between the hyperkalemic event and mortality and to
minimize the effect of potential case-mix confounders to this association.

Standard demographic characteristics, comorbidities, and use of RAAS blockers were
included in the analysis. Demographic data included gender, age at date of hospital
admission (18-56, 57-64, 65-75, and 76+), and race, which was characterized as Caucasian,
African-American or other. Comorbidities used in the analysis included cancer (excluding
non-melanomatous skin cancer), cardiovascular disease (a composite of cerebrovascular
disease, myocardial infarction and/or congestive heart failure), and diabetes. The Charlson
comorbidity index (CCI) was computed for each patient for descriptive purposes and
excluded cancer, diabetes and cardiovascular disease?%. All comorbidities were determined
using International Classification of Diseases, 9t revision (ICD-9CM) diagnosis codes from
inpatient and outpatient VHA records from October 1, 1999 to the date of the index date. A
variable indicating whether the patient had a prescription for Angiotensin Il Receptor
Blockers (ARB) and/or Angiotensin Converting Enzyme Inhibitors (ACE-1) within 30 days
of a potassium record was included in the analysis.

Measurements

To determine incidence of hyperkalemia, we expressed the cumulative frequency of events
per 100 patient-months of the contributed time of veterans to each sub-group during the
study period. To determine the association between hyperkalemia and mortality, survival
status within 1-day was linked with each record. We also conducted sub-analyses of
inpatient and outpatient events.

Statistical Methods

For descriptive analyses, we reported continuous variables with their mean values and
standard errors and N (%) for categorical variables. We used a Poisson regression model,
allowing for multivariate adjustments and variable follow-up times, to determine the
incidence rates of hyperkalemia in individuals with and without CKD. Results were reported
as adjusted rates (events per 100 patient months) within key strata including with and
without CKD, and with or without exposure to a RAAS blocker, and the average for each
adjustment variable.

To determine the adjusted risk of mortality associated with a potassium event, we calculated
an odds ratio of 1-day mortality using generalized estimating equations (GEE). This allowed
for repeated assessments of multiple potassium records and repeated vital status assessment
within each subject and controlling for multiple covariates.
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Results

Participants

The base study cohort included 247,176 patients; however, 1368 of these were excluded
because of missing index GFR (n=16) or potassium values (n=1352). The final study
population of 245,808 individuals had 2,764,658 potassium records; this set of records was
further restricted by limiting multiple values on any given day, leaving the final data set
including 2,103,422 records.

Descriptive Data

Table 1 lists the baseline characteristics of the study patients classified into groups based on
CKD status and whether or not the patient had experienced any hyperkalemic event (= 5.5
mg/dl). Patients with CKD were older, more likely to be male, white, on ACE-I and/or
ARBs, and have diabetes, CVD, cancer, and other comorbidities represented by the CCI.
Patients who experienced hyperkalemia were more likely to be male, African American,
older, and have diabetes, CVD, and CKD across all stages. Table 1 also includes the results
of a logistic regression model identifying risk factors for hyperkalemia in the study
population. The strongest risk factor for the development of hyperkalemia was the presence
and severity (stage) of CKD. As renal function declined, the odds of developing
hyperkalemia greatly increased. Use of ACE-1 and/or ARBs was also a significant risk
factor for development of hyperkalemia as was the presence of diabetes and two or more
other comorbidities represented by the CCI.

Of the 33637 individuals who experienced hyperkalemia, 17822 (53.0%) had only one
hyperkalemic event = 5.5 mg/dl during the study period and the remainder had more than
one event. There were 70 individuals (0.21%) who had more than twenty events, and a
greater proportion of these patients had CKD, ACE-I and/or ARBs use, and diabetes than
the general population with hyperkalemia.

Incidence of Hyperkalemia

Table 2 categorizes the subjects into four groups based on CKD and treatment status with
ACE-I and/or ARBs. For each of these groups, the cumulative number of hyperkalemic
events, based on severity, was summed within the cumulative 100 patient-months of that
group. A total of 66259 hyperkalemic events (3.2% of total laboratory values) were
recorded, with a decreasing incidence of more 9 severe events. The adjusted rates show that,
regardless of treatment status, individuals with CKD were significantly more likely to have a
hyperkalemic event than those without CKD. However, the highest number of hyperkalemic
events per 100 patient months occurred in patients who had CKD and no treatment with an
ACE-I and/or ARB within the prior 30 days.

Risk of mortality with hyperkalemia

There were 6996 patients (2.8%) that died within one day of a blood draw when potassium
levels were recorded. Figure 1 shows the adjusted 1-day odds of death associated with each
hyperkalemic event based on severity of hyperkalemia and stage of CKD. The reference
group included those normokalemic records from individuals with neither CKD nor
hyperkalemia. Of note, among normokalemic events, there was a tendency toward a higher
risk of 1-day mortality when the events occurred in individuals with CKD, and the risk
reached significance among patients with stage 5 CKD relative to their counterparts without
CKD. For those events recorded within each stage of CKD, as the level of hyperkalemia
increased, the odds of death also increased. In contradistinction to the trend seen with
normokalemia, within each discrete level of hyperkalemia, there was an inverse relationship
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between stages of CKD and odds of death; as the stage of CKD becomes more severe, the
odds of death decrease.

Table 3 illustrates the odds of 1-day mortality associated with inpatient and outpatient
records from patients with and without CKD. The reference group in both the inpatient and
outpatient analyses was comprised of normokalemic records from patients without CKD. Of
the 66529 hyperkalemic events, 34937 (52.7%) occurred as inpatient and 31322 (47.3%)
occurred as outpatient events. In both the inpatient and outpatient analyses, the trends were
the same. The odds of death increased with severity of hyperkalemia; however, the risk of
death was greater in the absence of CKD versus when CKD was present. The risk estimates
in all categories tended to be higher with inpatient records than with outpatient records.

Discussion

Over the past decade, research has increasingly focused on studying patient safety in the
general population. Little attention, however, has been given to disease specific measures of
patient safety that are relevant to populations with chronic illness like CKD. In this analysis,
we focused on hyperkalemia as one measure of disease specific patient safety relevant to
health care provides managing patients with CKD.

Our results demonstrate that patients with CKD were significantly more likely than patients
without CKD to have a hyperkalemic event at all stages of renal disease. The results,
however, indicate that patients with CKD treated with a RAAS blocker are slightly less
likely to have both moderate and severe hyperkalemia than CKD patients who are not on
this treatment. The 1-day odds of death were greater after a hyperkalemic event compared to
a normokalemic event. However, hyperkalemic events in patients without CKD were
associated with higher odds of 1-day mortality than hyperkalemic events in patients with
CKD. There tended to be an inverse relationship between the severity (stage) of CKD and
odds of 1-day mortality following a hyperkalemic event, and more severe hyperkalemia was
associated with higher odds of death.

Prior studies’- % 21-23 have documented modest hyperkalemia associated with the use of
ACE-I and/or ARB in patients with CKD in the setting of a clinical trial. In six separate
clinical trials of over 1500 individuals with renal insufficiency, elevations in serum
potassium levels between 0.3 and 0.6 mg/dl occurred in 3-5% of subjects randomized to an
ACE inhibitor?4. Other trials have shown similar increases among patients assigned to
treatment with ARBs24. The observation in the present study that hyperkalemia is less
common among patients with CKD treated with a RAAS blocker has several potential
explanation. It is possible that the predisposition of CKD patients to developing
hyperkalemia may cause treating physicians to screen out prior to treatment of patients who
are prone to this metabolic disturbance. In those patients in whom they elect to treat with a
RAAS blocker, physicians may increase their surveillance for hyperkalemia or spend more
time determining means by which a patient can avoid this consequence of therapy. However,
our ability to elucidate the mechanism underlying this finding is limited and beyond the
scope of this study.

The observed lower 1-day mortality rate among patients with CKD versus those patients
without CKD and hyperkalemia has some plausible explanations. First, as kidney function
declines, there is likely to be an adaptive response which leads to a new increased steady
state serum potassium level. In patients with more severe kidney disease, there is also an
increased level of gut potassium excretion..

Potassium adaption is the response of the kidneys to a high dietary potassium intake2%:26, In
patients with chronic renal insufficiency, prior studies have described a compensatory
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response to chronic hyperkalemia in which the body eventually develops a new steady state
potassium level which is often significantly higher than normal?’-31, As GFR declines,
serum potassium levels increase as potassium filtration and secretion fall. When aldosterone
or other kaliuretic factors fail to maintain potassium homeostasis, extracellular [K*] may rise
until it reaches a level sufficient to produce a sustained increase in renal potassium
excretion32, Increased extrarenal potassium excretion through the gut is another adaptive
mechanism which gradually develops in patients with chronic renal failure as kidney
function declines33-35,

The lower mortality seen with hyperkalemia in CKD is consistent with evidence suggesting
that these patients may be less susceptible to cardiac toxicity from this metabolic disturbance
than patients without kidney disease. This may be attributable to the fact that patients with
CKD are more likely to develop chronic hyperkalemia, which is reported to be better
tolerated than an acute rise29:36:37_ |t has been noted that patients with CKD who develop
chronic hyperkalemia can have serum potassium levels in excess of 6.0 mg/dl without
apparent electrocardiographic or cardiovascular manifestations38-40, Acute hyperkalemia
can cause a rapid reduction in resting membrane potential leading to increased cardiac
depolarization, muscle excitability and possible ECG changes®1:42. These cardiac changes
may be altered in the renal population where the presence of other electrolyte disturbances
could influence the cardiac membrane potential3®.

The findings reported in this study have important clinical implications. They suggest that
patients with CKD and those who are treated with RAAS blocker have an increased risk of
hyperkalemia, but that risk may be somewhat lowered with proper patient selection for
RAAS treatment. The increased risk of death associated with hyperkalemia underscores the
importance of clinical monitoring and follow-up of patients with CKD or who are treated
with RAAS blockers to avoid the adverse outcomes that are associated with this metabolic
disturbance. Others have reported that a substantial portion of patients who have
hyperkalemia detected in a clinical setting do not have timely follow-up of this abnormal lab
value?3:44 Even though this study revealed an attenuation in the morality risk associated
with hyperkalemia and CKD consistent with the adaptive mechanisms described, the higher
frequency of this metabolic disturbance in this disease population suggests that patients with
CKD should be closely monitored to minimize adverse outcomes.

Retrospective analyses such as this one have several inherent limitations which should be
considered when interpreting the findings. First, the incidence of hyperkalemia is only
detected at the time of a clinically ordered blood test and does not account for the
occurrence of this metabolic disturbance at unobserved times. Therefore, our estimation of
the incidence of hyperkalemia is subject to the frequency of laboratory monitoring, which is
non-random among the veterans in this cohort. Nevertheless, the demonstrated odds of death
associated with hyperkalemia in both inpatient and outpatient labs, highlights the
significance of the detected events in this study. Using 1-day mortality as the outcome, we
were able to minimize the influence of confounding by severity of illness in the study. The
results of this study only included RAAS blockers, which are known to increase serum
potassium levels. However, it is quite possible that other agents may have influenced the
incidence of hyperkalemia. The emphasis in this study, however, was on that class of agents
which are a key element to disease management in CKD. Finally, patients with Stage 5 CKD
may have included individuals with ESRD who are on dialysis and as a result may handle
potassium differently than those subjects who were dialysis independent. Given the small
number of patients with Stage 5 CKD in the cohort, the proportion on dialysis was likely to
be small.
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The findings of this study support the consideration of hyperkalemia as a patient safety
measure in CKD. We have shown that this metabolic disturbance is more common in CKD
than in patients without this condition. Moreover, hyperkalemia is linked to increased odds

of
su

mortality although the risk is lower in CKD versus non-CKD populations. These findings
ggest that the role of disease management in the manifestation of this candidate safety

measure is complex. However, given the association of hyperkalemia with CKD and the
elevated odds of death associated with hyperkalemia, this metabolic disturbance should be
considered a disease-specific safety event. More work is needed to see to what extent
alterations in disease management will reduce the incidence of this patient safety indicator.
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The odds ratio of death within 1 day of a moderate (K = 5.5 and < 6.0 mg/dl) and severe (=
6.0 mg/dl) hyperkalemic event in the study population stratified by stage of CKD.
Normokalemia (K < 5.5 mg/dl) and no CKD is the reference group. P < 0.001 for all
moderate and severe hyperkalemia groups, and p < 0.05 for Stage 5 with normokalemia
versus reference group.
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Table 2

Incidence of Hyperkalemia (per 100 patient-months) among patients with and without CKD and/or Renin

1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Angiotensin AldosteroneSystem (RAAS) blocker treatment

Number of events

Number of Patient Months

Adjusted Rated2

15302
577747
2.30 (2.26, 2.33)

10714
577747
1.63 (1.59, 1.66)

Potassium = 5.5 mg/dI Potassium Potassium
(inclusive) 25.5 and <6.0 mg/d| 2 6.0 mg/di
Total Number of Potassium Events 66259 44907 21352
Total Number of Patient Months 1581299 1581299 1581299
RAAS Blocker Treatment
CKD
Number of events 29023 19371 9652
Number of Patient Months 317701 317701 317701
Adjusted Rate .2 7.67 (7.57,7.78) 5.06 (4.97,5.14) | 2.60 (2.54, 2.66)
NO CKD

4588
577747
0.67 (0.65, 0.69)

No RAAS Blocker Treatment
CKD
Number of events
Number of Patient Months
Adjusted Ratel:?
NO CKD
Number of events

Number of Patient Months

Adjusted Ratel:Z

12709
146884
8.22 (8.07, 8.37)

9225
538967
1.77 (1.73,1.81)

8506
146884
5.43 (5.31, 5.56)

6316
538967
124 (1.21,1.27)

4203
146884
2.76 (2.68, 2.85)

2909
538967
0.53 (0.51, 0.55)

J'Adjusted rates are per 100 patient months, all p-values<0.0001, (95%CI)

Z'Adjusted for confounders: race, gender, age, CCl, cancer, diabetes, CVD, and RAAS blocker treatment within 30 days
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Table 3

Odds of Death within 1 Day of a Hyperkalemic Event, by Potassium Category and CKD

Potassium< 5.5 mg/dl
(No hypokalemia)

Potassium = 5.5 and
<6.0 mg/dl

Potassium = 6.0 mg/dI

INPATIENT
Number of records
No CKD
OR (95% Cl)1.2
Number of records
Number of death events

CKD
OR (95% Cl)4.2

1206165

1 (reference)

762136
2304 (0.3%)

1.12 (1.05, 1.19)

24190

11.38 (10.08, 12.84)

9611
312 (3.2%)

5.40 (4.72, 6.18)

10747

33.36 (29.72, 37.43)

4227
365 (8.6%)

15.82 (13.97, 17.93)

Number of records 444029 14579 6520
Number of death events3 1693 (0.4%) 256 (1.8%) 310 (4.8%)
OUTPATIENT

Number of events 830998 20717 10605

No CKD

OR (95% Cl)4.2

Number of records

Number of death events3

CKD
OR (95% C1)1.2

Number of records

Number of death events3

1 (reference)

554777
336 (0.06%)

0.99 (0.82, 1.18)

276221
200 (0.07%)

6.17 (4.16, 9.16)

7419
27 (0.4%)

2.73 (1.80, 4.11)

13298
25 (0.2%)

27.74 (20.66, 37.25)

3270
54 (1.7%)

13.06 (9.85, 17.30)

7335
63 (0.9%)
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3'Number of 1-day death events by records in each subgroup (%)

Odds ratio (OR) estimated from logistic regression models accounting for repeated glucose measures within individuals.

2. .. . A i
Adjusted for confounders: race, gender, age, CCl, cancer, diabetes, CVD, treatment with RAAS blocker within 30 days
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