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This supplement to

The American Journal of
Managed Care describes a
study that examined renin-
angiotensin-aldosterone
system (RAAS) inhibitor
dose levels in a US patient
population, investigated
the impact of hyperkalemia
on RAAS inhibitor dose,
and evaluated the asso-
ciation between dose levels
and clinical outcomes. The

results show that relatively

few patients were prescribed

maximum doses of RAAS
inhibitors, and dose and
usage declined following
hyperkalemia. Patients on
submaximum doses or who
discontinued RAAS inhibi-
tors had worse outcomes

than patients on maximum
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Evaluation of the Treatment Gap Between Clinical
Guidelines and the Utilization of Renin-Angiotensin-
Aldosterone System Inhibitors

Murray Epstein, MD; Nancy L. Reaven, MA; Susan E. Funk, MBA; Karen J. McGaughey, PhD;
Nina Qestreicher, PhD; John Knispel, MD

Abstract

Objectives: This study examined renin-angiotensin-aldosterone system (RAAS) inhibitor dose levels in a US patient
population and investigated the impact of hyperkalemia on RAAS inhibitor dose and the association between dose
levels and clinical outcomes.

Study Design: De-identified medical records from a large database of electronic health records (Humedica) for
patients 5 years of age or older with at least 2 serum potassium readings were analyzed (N = 205,108 patients; 1.7
million records).

Methods: Inclusion criteria required 1 RAAS inhibitor prescription and 12 months’ data prior to July 1, 2009 (index
date). Patients were classified by comorbidities (chronic kidney disease, heart failure, or diabetes) and RAAS inhibi-
tor dose level at index date, as determined by prescription information. Additional analyses examined RAAS inhibi-
tor dose changes following hyperkalemia and the frequency of cardiorenal adverse outcome/mortality or mortality
alone by post index dose level.

Results: Dose level was similarly distributed irrespective of patient comorbidity status, with RAAS inhibitors pre-
scribed at maximum dose in 19% to 26% of patients and submaximum dose in 58% to 65% of patients; RAAS
inhibitors were discontinued in 14% to 16% of patients. RAAS inhibitor dose was down-titrated after 16% to 21% of
hyperkalemia events and discontinued after 22% to 27% of hyperkalemia events. Cardiorenal adverse event/mortal-
ity and mortality occurred in 34.3% and 11.0% of patients who discontinued RAAS inhibitors, 24.9% and 8.2% of

patients on submaximum doses, and 24.9% and 4.1% of patients on maximum doses, respectively.

Conclusions: Relatively few patients were prescribed maximum doses of RAAS inhibitors, and dose and usage
declined following hyperkalemia. Patients on submaximum doses or who discontinued RAAS inhibitors had worse

outcomes than patients on maximum doses.

INTRODUCTION

Renin-angiotensin-aldosterone system

(RAAS)
inhibitors compzise a large class of drugs, which
includes angiotensin-converting“enzyme (ACE) inhibi-
tors, angiotensin-receptor blockers (ARBs), ditect renin
inhibitors, and mineralocorticoid receptor antagonists
(MRASs). Numerous randomized  clinical trials have
clearly demonstrated that RAAS inhibitors can reduce

the risk of death and slow disease progression in

Am J Manag Care. 2015,;21:5212-S220

For author information and disclosures, see end of text.

patients with heart failure (HF), chronic kidney disease
(CKD), and diabetes (DM).!7 Based on these results,
evidence-based treatment guidelines recommend the
use of RAAS inhibitors for patients with HF%® or
CKD™!" and for DM patients with hypertension and/
or renal insufficiency.”? The guidelines specifically rec-
ommend that RAAS inhibitors be titrated up to mod-
erate to high doses, as used in clinical trials, in order
for patients to derive optimal treatment benefits.%!?
However, the use of these drugs may be limited by their
potential to cause hyperkalemia.
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Utilization of Renin-Angiotensin-Aldosterone System Inhibitors

Although usually asymptomatic, clinical manifesta-
tions of hyperkalemia include muscle fatigue, paralysis,
and the more serious manifestations of cardiac arrhyth-
mia and cardiac arrest.'*!* Treatment guidelines provide
several recommendations for minimizing the risk of
hyperkalemia, including: avoiding RAAS inhibitor ther-
apy in patients who may be at risk of developing hyperka-
lemia, performing regular potassium monitoring, titrating
the dose of the RAAS inhibitor, and discontinuing drugs
that can interfere with renal potassium excretion prior to
initiating RAAS inhibitors.%!? Discontinuing or lowering
the dose of the RAAS inhibitor is recommended if hyper-
kalemia develops after initiating therapy.5!

Several observational and retrospective studies have
reported a large gap between recommendations in guide-
lines and real-world practice in the use of RAAS inhibitor
therapies.’*® A retrospective analysis of data from the
American Heart Association’s Get With the Guidelines—
Coronary Artery Disease database showed that less than
10% of eligible HF patients hospitalized for myocardial
infarction were prescribed an aldosterone agonist at dis-
charge,'” and a large European registry has reported that
while 67% to 92% of hospitalized HF patients were pre-
scribed the recommended RAAS inhibitor therapy, less
than 30% were up-titrated to the recommended target
dose.’® In order to better elucidate this apparent treatment
gap, this study undertook a comprehensive analysis of
a large database of electronic medical records (>7 mil-
lion patients) to evaluate: (1) whether RAAS inhibitors
are being prescribed according to treatment guidelines,
(2) what happens to RAAS inhibitor prescriptions after
hyperkalemia events, and (3) what the clinical outcomes
are in patients whose RAAS inhibitors are discontinued or
prescribed at doses lower than recommended in guidelines.

METHODS

Data Source and Patient Selection

De-identified medical records (2007-2012) for patients
5 years of age or older with at least 2 potassium readings
were obtained from Humedica, a large US database of
electronic health records (www.humedica.com). A total
of 1.7 million patient records met these criteria. Study
patients were individuals receiving care from providers
in integrated health delivery networks across the United
States, including those insured by commercial insurance,
Medicare, Medicaid, other health insurance, or no insur-
ance. For all study patients, the data include any services
provided in hospitals as well as office and outpatient

care. Medication data include written prescriptions and
medication administrations that occurred in-clinic and/
or in-hospital. Results were available for a limited num-
ber of lab tests.

Inclusion criteria required at least 1 outpatient RAAS
inhibitor prescription and 12 months of data prior to
July 1, 2009 (index date). RAAS inhibitors included
ACE inhibitors, ARBs, direct renin inhibitors, and select
MRAs. To ensure continuity, evidence that patient
engagement with the healthcare provider began at least
12 months prior to the index date and continued up to the
index date was required. This requirement is analogous to
requiring continuous enrollment in a claims data study.

Patients with end-stage renal disease (ESRD) at the
index date were excluded from the analysis of dose dis-
tribution and outcomes. The dose distribution analysis
further excluded patients with CKD stage 5 and acute
kidney injury. Response to hyperkalemia events was
evaluated for each hyperkalemia event in the data (2007-
2012) without restriction by patient comorbidity status.

Classification of Patient Comorbidity and RAAS
Inhibitor Dose Category

Patients were classified by disease comorbidity (CKD
stages 3-4 and /or HF or DM [types 1 and 2]) and age (<65
vs =65 years) prior to the index date using International
Classification of Diseases, Ninth Edition (ICD-9) diagnosis
codes; results of testing for estimated glomerular filtra-
tion rate (eGFR), left ventricular ejection fraction, and
glycated hemoglobin (if available); and prescriptions for
anti-DM medications. If multiple values were available
for a particular biomarker, the value indicating greatest
severity was utilized. A condition was deemed present if
identified by 1 or more indicators in the medical record,
irrespective of setting of care. Diagnosis codes used in
defining comorbidities generally reflect definitions used
by the US Renal Data System (USRDS) and are listed in
eAppendix 1 (available online at www.ajmc.com).'

RAAS inhibitor prescriptions were classified by dose
level using the following dose categories: “supramaxi-
mum,” defined as any RAAS inhibitor dose above the
labeled dose; “maximum,” defined as the labeled dose;
“submaximum,” defined as any RAAS inhibitor dose
lower than the labeled dose; or “discontinued,” defined as
the absence of RAAS inhibitor prescriptions for a period
of more than 390 days subsequent to prior prescription.
The 390-day period allows 360 days (longest common pre-
scription length in the database) plus 30 additional days
for patients to see or contact their healthcare provider for
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B Figure 1. Distribution of RAAS Inhibitor Dose Levels by Comorbidity Group

®Maximum Dose ®Submaximum Dose = Discontinued

CKD 3-4 or HF or DM, N = 100,907 22% 62% 15%
CKD 3-4 or HF or DM, age >65yr, N = 54,779 23% 61% 15%
o CKD 3-4 or HF or DM, age <65 yr, N = 45,901 22% 64% 14%
g DM+HF+CKD 3-4, N = 4072
E‘ DM+HF2 N = 7980 21% 63% 14%
E DM+CKD 3-4,> N = 18,876 26% 58% 15%
HF, no CKD 3-4,4 N = 9653 19% 65% 15%
CKD 3-4, no HF4 N = 30,850 25% 58% 16%
0% 20% 40% 60% 80% 100%

% Patients

CKD indicates chronic kidney disease; DM, diabetes mellitus; HF, heart failure; RAAS, renin-angiotensin-aldosterone system.

2aComorbidity group does not exclude CKD stage 3 to 4.
bComorbidity group does not exclude HF.

cComorbidity group does not exclude CKD stage 3 to 4 or HF.
9DM was not excluded from these comorbidity groups.

a refill. Specific medications and their dose levels includ-
ed in each dose category are listed in eAppendix 2 (avail-
able online at www.ajmc.com). Results are not reported
for the small group of patients on supramaximum doses.

Dose Distribution Study

A patient-level analysis was performed to examine
RAAS inhibitor dose distribution as of the index date.
The distribution (number and percent) of patients by dose
category was assessed for the total study population and
for each of 10 comorbidity groups as listed in Figure 1.

Determining RAAS Inhibitor Dose Subsequent to
Hyperkalemia Event

An event-level analysis was used to examine
RAAS inhibitor dose changes following hyperkalemia.
Hyperkalemia was defined as any serum potassium
measurement above 5.0 mEq/L. All laboratory-reported
events of serum potassium of 5.1 mEq/L or higher were
classified by severity (mild, 5.1-5.4 mEq/L; moderate-
to-severe, 25.5 mEq/L). RAAS inhibitor prescription
status was assessed before and after each hyperkalemia
event, with a 390-day follow-up period for assessing

RAAS inhibitor dose following hyperkalemia. (The 390

days corresponds to the time period required to identify
discontinued RAAS inhibitor prescriptions.) Post hyper-
kalemia event dosing was compared with the last pre-
hyperkalemia dose (or prescription expiration) before the
hyperkalemia event. Outcomes were described as the per-
cent of hyperkalemia events for which the next RAAS
inhibitor dose represented maintenance of dose, down
titration, or discontinuation. Results were segmented by
RAAS inhibitor dose category (submaximum or maxi-
mum) at the time of the hyperkalemia event and severity
of the hyperkalemia event (mild or moderate-to-severe).

Outcomes Study

In this patient-level analysis, differences in clinical
outcomes between patients with submaximum or dis-
continued RAAS inhibitor versus those remaining on
maximum doses were evaluated in the total study popula-
tion and within disease categories (CKD 3-5, HF, or DM).
Adverse outcomes evaluated were CKD progression and
progression to ESRD (by eGFR laboratory value, diagno-
sis code, or chronic dialysis by procedure code); stroke
and acute myocardial infarction (by diagnosis code dur-
ing inpatient hospitalization); and coronary artery bypass
and percutaneous coronary intervention (by procedure
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M Table 1. Study Population Characteristics

Total dosing
study population

Total 195,327
Age, years, mean (SD) 62.5 (13.36)
Gender, n (%)

Female 102,777 (52.6)

Male 92,180 (47.2)

Unknown 370 (0.2)
CKD stages 3-4, without HF, n (%)2 30,850 (15.8)
HF, without CKD stages 3-4, n (%)? 9653 (4.9)
CKD 3-4 + HF, n (%)? 7839 (4)
DM, n (%)° 75,349 (38.6)
DM + CKD stages 3-4, without HF 18,876 (9.7)
DM + HF, without CKD stages 3-4 7980 (4.1)
DM + CKD stages 3-4 + HF 4072 (2.1)

Patients with Outcomes
hyperkalemia event(s) study population
66,862 201,655
66.2 (12.71) 62.7 (13.39)
33,084 (49.5) 105,788 (52.5)
33,587 (50.2) 95,464 (47.3)
191 (0.3) 403 (0.2)
16,644 (24.9) 33,113 (16.4)
5613 (8.4) 10,354 (5.1)
6674 (10) 10,175 (5)
33,322 (49.8) 79,087 (39.2)
13,012 (19.5) 21,594 (10.7)
6917 (10.3) 9836 (4.9)
3855 (5.8) 5483 (2.7)

CKD indicates chronic kidney disease; DM, diabetes mellitus; HF, heart failure.

aDM was not excluded from these comorbidity groups.
bComorbidity group does not exclude CKD stages 3-4 or HE.

code); or all-cause mortality (from Social Security or
hospital records). Code sets were consistent with USRDS
methodology and are supplied in eAppendix 1 and
eAppendix 3 (availble online at www.ajmc.com).!’

End points included a composite measure of any
adverse outcome or mortality and mortality alone and
were assessed from July 1, 2009, until the patient’s last
interaction or December 31, 2012 (post index period;
median follow-up 3.4 years). Date of death was not
available; therefore, it was not possible to ascertain time
frames from last prescription /expiration to death.

For the composite end point, the most frequently
prescribed dose level of RAAS inhibitor was identified
for each patient during the post index period. RAAS
inhibitor dose category was reevaluated and adjusted for
patients who experienced an adverse outcome to ensure
that the dominant dose category did not reflect data occur-
ring after the adverse outcome; this adjustment resulted in
a higher or lower RAAS inhibitor dose category for 1.6%
and 3.5% of patients, respectively. For the end point of
mortality alone, all patients were classified according to
their last RAAS inhibitor dose level in the data.

Chi-square tests were carried out to compare differ-
ences in the proportion of adverse outcomes or death
between the various RAAS inhibitor dose groups. P
values for the 3 contrast comparisons were adjusted using
the step-down Bonferroni procedure of Holm to protect
the family-wise error rate at 0.05.%°

RESULTS

Study Population Characteristics

Table 1 shows the age, gender, and comorbidity clas-
sifications for the patient populations included in each
analysis. A total of 205,108 patients met the inclu-
sion criteria; of these, 66,862 (32.8%) experienced 1 or
more hyperkalemia events. Of the patients who experi-
enced hyperkalemia events, 58,520 (28.5%) experienced
1 or more mild hyperkalemia events and 30,912 (15.1%)
experienced 1 or more moderate-to-severe hyperkalemia
events. After excluding patients with ESRD, 201,655
patients were included in the outcomes analyses. After
further excluding patients with CKD stage 5 and acute
kidney injury, 195,327 patients were included in the dose
distribution study.

RAAS Inhibitor Dose Distribution

RAAS inhibitor dose level was similarly distributed
irrespective of patient comorbidity status. Maximum
doses were prescribed in 19% to 26% of patients, over
half of the patients (58%-65%) were prescribed submaxi-
mum doses, and 14% to 16% of patients discontinued
treatment with RAAS inhibitors as of the index date
(Figure 1). Supramaximum doses were prescribed in less
than 1% of patients (data not shown). The distribution
of patients by dose category was similar between patients
younger than 65 years and 65 years and older. Patients
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with HF were least likely to be prescribed maximum
doses of RAAS inhibitors (19%-21%), irrespective of
comorbidities (Figure 1).

RAAS Inhibitor Dosing Subsequent to Hyperkalemia
Events

Laboratory records included 218,813 hyperkalemia
events (144,800 mild and 74,013 moderate-to-severe) in
66,862 patients. Analysis of RAAS inhibitor dosing
before and after these hyperkalemia events revealed
that a substantial proportion of patients had changes in
their dose following an instance of elevated serum potas-
sium, with dose changes occurring more frequently after
moderate-to-severe hyperkalemia events. Patients on a
maximum dose of a RAAS inhibitor were down-titrated
to a submaximum dose or discontinued the RAAS inhibi-
tor nearly half the time (47%) after moderate-to-severe
hyperkalemia events and 38% of the time after mild events
(Figure 2A). Among patients on submaximum doses
of RAAS inhibitors, moderate-to-severe hyperkalemia
events were followed by submaximum dose maintenance
in 55% of patients and discontinuation in 27% of patients,
compared with dose maintenance after 61% of mild
hyperkalemia events and discontinuation after 24% of
mild events (Figure 2B). In the remaining events, the data
period following the hyperkalemia event was insufficient
to determine subsequent RAAS inhibitor dose level.

Dose changes subsequent to hyperkalemia were simi-
lar in patients younger and older than 65 years (data not
shown). Patients 65 years or older on maximum dose
of RAAS inhibitor were down-titrated to submaximum
doses or discontinued 46% of the time after a moderate-
to-severe hyperkalemia event compared with 49% of the
time for patients younger than 65 years. In patients in
both age groups on submaximum doses, moderate-to-
severe events were followed by RAAS inhibitor discon-
tinuation in 27% of patients.

Cardiorenal Outcomes and Mortality by RAAS
Inhibitor Dose

Patients on submaximum doses or who continued
RAAS inhibitor therapy showed consistently worse
outcomes compared with patients on maximum doses,
irrespective of comorbidity status (Figure 3) or patient
age. Over 50% of patients with CKD stages 3 to 4 who
discontinued RAAS inhibitors experienced an adverse
outcome or died compared with 47.4% of patients on
submaximum doses and 42.6% of patients on maximum
doses (all comparisons P <.05) (Figure 3). Nearly 60% of

B Figure 2. Changes in RAAS Inhibitor Dose Subse-
quent to Hyperkalemia Events

B Figure 2A. Among Patients on RAAS Inhibitor at
Maximum Dose

B Maintained Dose ®m Down-titrated Dose Discontinued

75%

60%

47%
45%
38%

30%
52%
41%
15%

16% aie
o

Percent of Hyperkalemia Events

0%
Moderate-to-Severe

Hyperkalemia
(Potassium >5.5 mEq/L)

11,608 events

Mild Hyperkalemia
(Potassium 5.1-5.4 mEq/L)

23,556 events

RAAS indicates renin-angiotensin-aldosterone system.

B Figure 2B. Among Patients on RAAS Inhibitor at
Submaximum Dose

® Maintained Dose Discontinued

75%

60%

45%

30% 61%

55%

15%

Percent of Hyperkalemia Events

0%
Mild Hyperkalemia
(Potassium 5.1-5.4 mEq/L)

85,567 events

Moderate-to-Severe
Hyperkalemia
(Potassium >5.5 mEq/L)

43,170 events

RAAS indicates renin-angiotensin-aldosterone system.
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B Figure 3. Percent of Patients Who Experienced Adverse Outcomes or Mortality by Prior RAAS Inhibitor Dose

B Maximum Dose ®m Submaximum Dose = Discontinued

60.0%

40.0%

20.0%

Percent of Patients

0.0%
CKD Stages 3-4

(N = 43,288 total patients
across dose categories)

Heart Failure

(N = 20,529 total patients
across dose categories)

34.3%
24.9% | 24.9%

29.9% | 30.9%

Diabetes Total Population

(N = 79,087 total patients
across dose categories)

(N = 201,655 total patients
across dose categories)

CKD indicates chronic kidney disease; RAAS, renin-angiotensin-aldosterone system.

patients with HF who discontinued RAAS inhibitors
experienced an adverse outcome or mortality compared
with 52.3% of patients on submaximum doses and 44.3%
of patients on maximum doses (all comparisons P <.05)
(Figure 3). Patients with DM had better outcomes than
patients in the HF or CKD stage 3 to 4 comorbidity
groups. A total of 41.3% of DM patients who discontin-
ued RAAS inhibitors experienced an adverse outcome or
mortality compared with 30.9% of patients on submaxi-
mum doses and 29.9% of patients on maximum doses (all
comparisons P <.05) (Figure 3). A comparison of patients
younger than 65 years versus patients 65 years and older
(data not shown) suggested that patients on submaxi-
mum doses or who discontinued RAAS inhibitors had
consistently worse outcomes compared with patients on
maximum dose regardless of age group, with the excep-
tion of patients with DM who were younger than 65 years
in whom maximum and submaximum RAAS inhibitor
doses were associated with similar levels of adverse out-
comes or mortality (20.5% and 19.8%, respectively).
Patients on submaximum dose or who discontinued
RAAS inhibitors died twice as frequently as patients on
maximum dose irrespective of comorbidity status (Figure 4)
or patient age. Mortality was recorded for 9.8% of patients

with CKD stage 3 to 4 on maximum doses of RAAS
inhibitors compared with 20.3% of patients on submaxi-
mum doses and 22.4% of patients who discontinued ther-
apy. Among patients with HF, mortality was recorded for
13.7% of patients on maximum doses of RAAS inhibi-
tors, compared with 27.7% on submaximum doses and
30.1% of patients who discontinued. Patients in the DM
category had the lowest mortality rates, with mortality
recorded for 5.0% of patients on maximum doses, 10.1%
of patients on submaximum doses, and 13.1% of patients
who discontinued RAAS inhibitor therapy.

DISCUSSION

Overall, the results of these analyses indicate that
there is a substantial gap between the recommendations
in treatment guidelines and the real-world prescribing
patterns for RAAS inhibitors. Among patients with car-
diorenal comorbidities for which RAAS inhibitors are
recommended by the guidelines, this retrospective analy-
sis showed that more than half were prescribed lower
than recommended doses and roughly 14% to 16% dis-
continued RAAS inhibitors. This observed discordance
with treatment guidelines is corroborated by evidence
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B Figure 4. Percent Mortality by Prior RAAS Inhibitor Dose

mMaximum Dose

= Submaximum Dose

= Discontinued

40%

20%

20.3% |22:4%

Percent of Patients

0%
CKD Stages 3-4

(N = 43,288 total patients
across dose categories)

Heart Failure

(N = 20,529 total patients
across dose categories)

Diabetes Total Population

(N = 79,087 total patients (N = 201,655 total patients
across dose categories) across dose categories)

CKD indicates chronic kidney disease; RAAS, renin-angiotensin-aldosterone system.

from the USRDS, which reported RAAS inhibitor use
in 52.5% of Medicare patients with CKD,?! and similar
results have been documented in registries designed to
prospectively evaluate adherence to treatment guidelines
for patients with HF.!>18

Although several studies have investigated RAAS
inhibitor prescribing patterns, the current study is the
first to our knowledge to investigate the association
between RAAS inhibitor prescribing patterns and hyper-
kalemia and the association between RAAS inhibitor
dose and clinical outcomes in a large database. A specific
strength in our evaluation of RAAS inhibitor treatment
patterns is that we were able to examine what prescrip-
tions physicians wrote, in contrast to earlier studies that
based their conclusions on prescription fills. Our results
suggest that the prescribing patterns for RAAS inhibi-
tors may be altered by the development of hyperkalemia.
Moderate-to-severe hyperkalemia events (serum potassi-
um 25.5 mEq/L) were followed by down-titration or dis-
continuation of RAAS inhibitor therapy in nearly half
of the patients on maximal doses and discontinuation in
nearly one-third of patients on submaximal doses.

An extremely important observation of this study is
that patients on submaximum doses or who discontin-

ued RAAS inhibitors had worse cardiorenal outcomes
and higher mortality than patients on maximum doses.
Taken together, these results highlight the extraordinary
challenge behind RAAS inhibitor prescribing decisions:
attempting to balance the risk of provoking hyperkale-
mia with the benefits to cardiorenal morbidity and mor-
tality. These decisions are further confounded by the fact
that those patients who are known to derive the most
benefit from these drugs (CKD patients with concomitant
DM or HF) are the same patients who are at highest risk
of developing hyperkalemia.?

Current and Emerging Treatments for Hyperkalemia

Treatment for hyperkalemia often occurs in the acute
setting. Emergency treatments typically include insulin
or B-adrenoceptor agonists to quickly redistribute serum
potassium into cells and sodium gluconate to restore
the normal resting membrane potential of cardiac myo-
cytes.>* Loop diuretics can also be prescribed to promote
renal excretion of potassium and hemodialysis can be
administered to eliminate serum potassium.!>!#

Sodium-containing polystyrene sulfonate (SPS), a
potassium exchange resin that eliminates potassium in
the gut lumen, is an option for treating chronic hyper-

S218

B www.ajmc.com =

SEPTEMBER 2015



Utilization of Renin-Angiotensin-Aldosterone System Inhibitors

kalemia.’»'* However, the efficacy of SPS has never
been studied in a controlled clinical trial, and its use is
limited due to serious safety concerns, including a risk
for life-threatening intestinal necrosis.»*# Use of this
product is further limited because it contains sodium
as the counter ion. Caution is advised in patients who
cannot tolerate even small increases in sodium loads,
such as patients with HF, severe hypertension, or
marked edema, all of which are common comorbidities
in patients with CKD.!>!#

Two newly developed potassium-binding drugs, pati-
romer and sodium zirconium cyclosilicate (ZS-9), have
recently reported positive clinical trial results for the
management of hyperkalemia. Patiromer and ZS-9 are
cation exchangers that bind potassium in the gastrointes-
tinal tract in exchange for calcium (patiromer) or sodium
(ZS-9), thereby increasing fecal potassium excretion and
lowering serum potassium.?*?” Both drugs have demon-
strated the ability to restore normal serum potassium in
patients with hyperkalemia and to maintain normoka-
lemia after 28 days (ZS-9 and patiromer), and patiromer
has also shown safety and efficacy over 52 weeks.?**” The
adverse effects reported in the clinical trials for ZS-9 and
patiromer were generally similar to those for placebo.?*%
These products could represent a much-needed advance-

ment in the treatment of hyperkalemia.

Limitations

As is typical for retrospective database analyses, this
study evaluates associations but does not establish cau-
sality between hyperkalemia events and RAAS inhibi-
tor dose changes or between RAAS inhibitor dose and
adverse outcomes. A further limitation of the hyperka-
lemia analyses is the long follow-up period (390 days)
for identifying RAAS inhibitor dose changes, which
was dictated by the length of time required to identify
prescription discontinuations. It is also important to
note that the comorbid patient cohort identified in this
analysis did not exclude all patients for whom RAAS
inhibitor therapy is not guideline-recommended, such
as DM patients without cardiac or renal comorbidities
or patients who developed severe hyperkalemia after
initiating a RAAS inhibitor. Finally, these data do not
allow for an examination of at-risk patients who are
never prescribed RAAS inhibitors (eg, patients with
contraindications to RAAS inhibitor therapy). Despite
these limitations, the direction and magnitude of the
observed associations are important results that merit

further investigation.

CONCLUSIONS

Despite the presence of serious comorbidities, rela-
tively few patients are prescribed maximum guideline-rec-
ommended doses of RAAS inhibitors, and hyperkalemia
associated with RAAS inhibitor therapy was frequently
followed by reduction in dosage or discontinuation of
therapy. Patients on maximum doses of RAAS inhibitor
therapies experienced fewer cardiorenal adverse out-
comes or mortality compared with patients on submaxi-
mum doses or who discontinued RAAS inhibitors. These
findings warrant further evaluations of the relationship
between hyperkalemia and subsequent RAAS inhibitor
dosing, as well as between RAAS inhibitor dose levels
and adverse outcomes.
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eAPPENDIX 1. /ICD-9 CODES USED FOR CLASSIFICATION OF COMORBIDITIES

Diabetes

Diabetes included both type I and type II and was defined as any occurrence of International Classification of Diseases,
Ninth Edition (ICD-9) diagnosis codes 250.xx, 357.2, 362.0x, or 366.41; glycated hemoglobin =6.5%; or any outpatient
prescription for an anti-diabetes medication.

Heart Failure

Heart failure was identified as any occurrence of ICD-9 diagnosis codes 398.91, 402.x1, 404.x3, 425.xx, 428.xx, or
V42.1; or a left ventricular ejection fraction less than 40%.

Renal Conditions

Chronic Kidney Disease

CKD Stage 2: ICD-9 code 585.2 or single estimated glomerular filtration rate (eGFR) 60-89
CKD Stage 3a: single eGFR 45-59

CKD Stage 3b: single eGFR 30-44

CKD Stage 4: ICD-9 code 585.4 or single eGFR 15-29

CKD Stage 5: ICD-9 code 585.5 or single eGFR <15

ESRD (as an exclusion or an outcome) was defined as ICD-9 code 585.6, single e GFR <10, or the initiation of chronic
dialysis (defined as first calendar month including a dialysis procedure on 4 separate dates).

Acute Kidney Injury (exclusion) was defined as ICD-9 diagnosis codes 584.5-584.9.

eAPPENDIX 2. RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM INHIBITOR DRUGS
AND MAXIMUM DOSE LEVELS

Evaluated renin-angiotensin-aldosterone system (RAAS) inhibitor drugs and their maximum doses, listed in
descending order of observed frequency at index: lisinopril, 40 mg; losartan, 100 mg; valsartan, 320 mg; benazepril,
80 mg; olmesartan, 40 mg; enalapril, 40 mg; spironolactone, 200 mg; irbesartan, 300 mg; ramipril, 10 mg; quinapril, 80
mg; telmisartan, 80 mg; candesartan, 32 mg; captopril, 450 mg; fosinopril, 40 mg; trandolapril, 8 mg; moexipril, 30 mg;
aliskiren, 300 mg; eplerenone, 100 mg; perindopril, 8 mg; eprosartan, 800 mg; azilsartan, 80 mg.

Aliskiren / valsartan formulated 150 mg-160 mg (a partial dose of each of 2 RAAS inhibitor drugs) was considered a
partial dose (submaximum).

eAPPENDIX 3. ADVERSE OUTCOME DEFINITIONS

Coronary artery bypass graft was defined as a qualifying code (Current Procedural Terminology [CPT] or Healthcare
Common Procedure Coding System [HCPCS] code 33140 33141 33510 33511 33512 33513 33514 33516 33517 33518
33519 33521 33522 33523 33530 33533 33534 33535 33536 33570 33575 35600 S2204 S2204 S2205 S2206 S2207 S2208 or

S2209; ICD-9 procedure code 36.10 36.11 36.12 36.13 36.14 36.15 36.16 36.17 36.19 36.2 36.3 36.31 36.32 36.33 36.34 or
36.39) occurring during a hospital inpatient stay or emergency department visit.

Percutaneous coronary intervention was defined as a qualifying code [CPT or HCPCS code 9292092921 92924 92925
92928 92929 92933 92934 92937 92938 92941 92943 92944 92973 92980 92981 92982 92984 92995 92996 C9304 C9600
C9601 C9602 C9603 C9605 C9606 CI607 CI608 or G0290 or G0291 or S2220; International Classification of Diseases,
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Ninth Edition (ICD-9) procedure code 00.66 17.55 36.01 36.02 36.05] occurring during a hospital inpatient stay or emer-
gency department visit.

Acute myocardial infarction was defined as an ICD-9 diagnosis code in Clinical Classifications Software (CCS)
category 100 Acute MI (410%) occurring during a hospital inpatient stay or emergency department visit.

Stroke was defined as an ICD-9 diagnosis code in CCS category 109 (Acute CVD) or 110 (Precere occl) [[CD-9 diag-
nosis code 346.60 346.61 346.62 346.63 430 431 432.0 432.1 432.9 433.0 433.00 433.01 433.1 433.10 433.11 433.2 433.20
433.21 433.3 433.30 433.31 433.8 433.80 433.81 433.9 433.90 433.91 434.0 434.00 434.01 434.1 434.10 434.11 434.9 434.90

434.91 or 436] occurring during a hospital inpatient stay or emergency department visit.
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