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ABSTRACT

Introduction: Hyperkalemia is often managed
in the emergency department (ED) and it is
important to understand how ED management
and post-discharge outcomes vary by hyper-
kalemia severity. This study was conducted to
characterize ED management and post-dis-
charge outcomes across hyperkalemia severities.
Methods: Adults with an ED visit with hyper-
kalemia (at least one serum potassium lab mea-
sure above 5.0 mEq/L) were selected from US
electronic medical record data (2012–2018).
Patient characteristics, potassium levels, treat-
ments, and monitoring prior to and during the
ED visit were compared by hyperkalemia severity
(mild [[5.0–5.5 mEq/L], moderate [[5.5–6.0],

severe [[6.0]) using unadjusted analyses. Death,
immediate inpatient admission, 30-day hyper-
kalemia recurrence, and 30-day inpatient admis-
sion were also assessed by severity.
Results: Of 6222 patients included, 4432
(71.2%) had mild hyperkalemia, 1085 (17.4%)
had moderate, and 705 (11.3%) had severe
hyperkalemia. Chronic kidney disease
(39.9–50.1%) and heart failure (21.6–24.3%)
were common. In the ED, electrocardiograms
(mild, 56.5%; moderate, 69.6%; severe, 81.0%)
and patients with at least two potassium labo-
ratory values increased with severity (15.0%;
40.4%; 75.5%). Among patients with at least
two potassium laboratory values, over half of
patients (60.4%) had potassium
levels B 5.0 mEq/L prior to discharge. Use of
potassium-binding treatments (sodium poly-
styrene sulfonate: mild = 4.1%; moder-
ate = 17.1%; severe = 27.4%), temporizing
agents (5.6%; 15.5%; 31.6%), or dialysis (0.4%;
0.8%; 3.0%) increased with severity; treatment
at discharge was not common. Death (1.1%;
3.7%; 10.6%), immediate admission to inpa-
tient care (5.8%; 8.7%; 12.7%), 30-day hyper-
kalemia recurrence (2.9%; 19.0%; 32.5%),
30-day inpatient admission with hyperkalemia
(6.5%; 7.9%; 9.3%) also increased with severity.
Conclusion: Patients with moderate and severe
hyperkalemia experienced elevated risk of
hyperkalemia recurrence and hyperkalemia-re-
lated inpatient readmission following discharge
from the ED from a descriptive analysis. Future
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research to assess strategies to reduce hyper-
kalemia recurrence and inpatient admission in
this patient population would be beneficial.

Keywords: Electronic medical records;
Emergency department; Hyperkalemia; Post-
discharge; Real-world outcomes

Key Summary Points

Why carry out this study?

Hyperkalemia is a potentially life-
threatening electrolyte abnormality that
is associated with a substantial clinical
and economic burden

Although the clinical management of
hyperkalemia may necessitate treatment
in the emergency department, evidence
regarding patient outcomes in this setting
is limited

In this study, we described demographics
and clinical characteristics of patients
with mild, moderate, and severe
hyperkalemia who were managed in the
emergency department; additionally, we
describe the rates of monitoring,
treatment patterns, and rates of
subsequent recurrence and inpatient
admissions following discharge from the
emergency department

What was learned from this study?

In this descriptive analysis, patients with
moderate and severe hyperkalemia
experienced an increased risk of death and
direct inpatient admission after an
emergency department visit

Patients with moderate and severe
hyperkalemia also had higher rates of
hyperkalemia recurrence and
hyperkalemia-related inpatient
readmissions following discharge from the
emergency department

Additional research to identify strategies
aimed at reducing recurrence and
inpatient admissions is needed

INTRODUCTION

Hyperkalemia is an electrolyte disorder defined
as abnormally high levels of serum potassium
[1–4]. In 2014, 1.55% (3.7 million) of adults in
the general population in the United States (US)
were estimated to have hyperkalemia, with a
higher prevalence (6.35%) estimated for adults
with chronic kidney disease (CKD) and/or heart
failure [5]. The prevalence of hyperkalemia is
expected to increase owing to the increase in
prevalence of risk factors associated with
hyperkalemia (e.g., heart failure, hypertension,
CKD) [6]. Hyperkalemia presents a substantial
economic burden, as patients with hyper-
kalemic events incurred $15,606 higher 1-year
total healthcare costs than patients without
hyperkalemia [7].

Although mild hyperkalemia
([5.0–5.5 mEq/L) is often asymptomatic, sev-
ere forms of hyperkalemia ([ 6.0 mEq/L) may
be life-threatening, resulting in cardiac
arrhythmias and sudden death [2, 4, 8]. How-
ever, there is large inter-individual variation
and symptoms do not always correlate with the
absolute potassium level observed [9]. As a
result of these potentially fatal symptoms asso-
ciated with very high potassium levels, patients
are often managed in the emergency depart-
ment (ED) where they are recommended to
receive prompt and aggressive care [10, 11].
Following laboratory and electrocardiogram
(ECG) assessments to confirm elevated potas-
sium levels, treatment typically begins with
agents to stabilize the membrane (e.g., calcium
gluconate, calcium chloride) [9]. If there is no
resolution, agents that redistribute potassium
into cells (e.g., insulin and glucose or albuterol)
are utilized [9], and sodium bicarbonate may be
administered if metabolic acidemia occurs [9].
In the event that elevated potassium levels
persist, excess levels are eliminated through use
of potassium-binding agents, dialysis, and loop
diuretics [8–10, 12, 13]. Ongoing monitoring of
cardiac function using ECGs and laboratory
assessments of serum potassium levels are also
recommended for patients with moderate to
severe hyperkalemia within the ED [11].
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Evidence regarding the management of
patients with hyperkalemia in the ED and out-
comes following ED visits, such as hyperkalemia
recurrence, is limited [14–17]. One retrospective
study [16] showed that ED treatment patterns
varied widely and that higher potassium levels
were associated with increased rates of hospi-
talization and mortality. Other studies have
focused on the management of patients with
more severe hyperkalemia ([6.0 mEq/L), but
few studies have characterized mild or moderate
hyperkalemia.

Real-world evidence can help clinicians
manage patients with hyperkalemia across dif-
ferent severities in the ED. In this study, we
characterized the demographics and clinical
characteristics of patients with hyperkalemia in
the ED setting. We also examined the rates of
monitoring and treatments administered in the
ED setting as well as the rates of subsequent
inpatient admission and hyperkalemia recur-
rence after discharge from the ED. All analyses
were stratified by the severity of hyperkalemia.

METHODS

Data Source

This study was a retrospective cohort study
using electronic medical record (EMR) data
from the US Research Action for Health Net-
work (REACHnet) from 2012 to 2018. REACH-
net, formed in 2014, is one of nine clinical data
research networks participating in PCORnet,
the National Patient-Centered Outcomes
Research Network, and contains EMR data for
over five million patients of all ages, sexes, and
racial/ethnic groups from five different health
systems.

Compliance with Ethics Guidelines

The New England Independent Review Board
provided written approval for this study on
June 25, 2018 (NEIRB# 1-5667-1). Written and
verbal consent from participants are not appli-
cable to this study.

Sample Selection

The study population included adult patients
with at least one ED visit with hyperkalemia (at
least one potassium laboratory
value[5.0 mEq/L). Potassium laboratory
results were identified on the basis of Logical
Observation Identifier Names and Code
(LOINC) codes and laboratory names (Supple-
mentary Table 1). The first potassium laboratory
value during the ED visit was used to categorize
patients by hyperkalemia severity (mild
[[ 5.0–5.5 mEq/L], moderate [[5.5–6.0 mEq/L],
or severe [[6.0 mEq/L]). The ED admission date
was required to be at least 6 months after the
start of the data and the ED discharge date was
required to be at least 90 days prior to the end of
the data. Patients were also required to have at
least one additional encounter after the dis-
charge from the ED.

For patients with multiple eligible ED
admissions with hyperkalemia, the index ED
visit was randomly selected. The index date was
defined as the admission date for the index ED
visit with hyperkalemia. The baseline period
was defined as the 6-month period prior to the
index date. The period spanning from the index
date to the date of ED discharge was defined as
the ED visit period. The period up to 90 days
after ED discharge was defined as the post-dis-
charge period.

Study Variables

During the 6-month baseline period, patient
characteristics, comorbidities (identified using
the International Classification of Diseases-
Ninth/Tenth Revision [ICD-9, ICD-10] codes),
previous hyperkalemia treatments (identified
using RxNorm codes), and potassium laboratory
values were described (Supplementary Table 1).
Potassium levels, treatments, and monitoring
were described during the ED visit period.

Outcome Measures

Death during the ED visit and the proportion of
patients immediately admitted to inpatient care
from the ED (i.e., admitted to inpatient care on
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the same day as their discharge from the ED)
were reported. Among patients alive and not
immediately admitted to inpatient care, hyper-
kalemia recurrence (defined as at least one
potassium laboratory value[5.0 mEq/L in any
setting) was described within 30, 60, and
90 days of discharge from the ED. All-cause
inpatient admissions and inpatient admissions
with hyperkalemia (defined as an inpatient
admission with at least one potassium labora-
tory value[5.0 mEq/L) were also described
within 30, 60, and 90 days of ED discharge.

Statistical Analysis

Study variables and outcome measures were
described and compared among patients with
mild, moderate, and severe hyperkalemia.
Counts and percentages were provided for cat-
egorical variables and means and standard
deviations (SD) were provided for continuous
variables. Chi-squared tests for categorical vari-
ables and analysis of variance tests for contin-
uous variables were used to compare outcomes
in patients with mild hyperkalemia to patients
with moderate hyperkalemia and patients with
mild hyperkalemia to patients with severe
hyperkalemia; p\0.05 was considered statisti-
cally significant. All statistical analyses were
conducted using SAS 9.4.

RESULTS

Baseline Patient Characteristics
by Hyperkalemia Severity

A total of 6222 patients admitted to the ED with
hyperkalemia were eligible for the analysis,
among whom 4432 (71.2%) patients had mild
hyperkalemia, 1085 (17.4%) patients had mod-
erate hyperkalemia, and 705 (11.3%) patients
had severe hyperkalemia (Table 1). The mean
ages of patients with mild, moderate, and severe
hyperkalemia were similar (mild, 61.9; moder-
ate, 62.1; severe, 62.0 years). About half of
patients were female (mild, 51.7%; moderate,
51.9%; severe, 47.8%). Overall, the majority of

patients were White (49.0%) or African Ameri-
can (49.4%).

Comorbidities were common in patients
with an ED visit with hyperkalemia, with an
average Charlson comorbidity index (CCI) of
1.9 in mild patients, 2.2 in moderate patients,
and 2.4 in severe patients (mild vs. moderate
p\0.001, mild vs. severe p\0.001). Hyper-
tension was the most common comorbidity,
followed by CKD stage 3–5, type 2 diabetes, and
heart failure. Rates of CKD stage 3–5, end-stage
renal disease, acute kidney injury, and type 2
diabetes increased with severity of hyper-
kalemia. Heart failure, hypertension, and prior
renin–angiotensin–aldosterone system inhi-
bitor use were similar among patients in all
hyperkalemia severities (Table 1).

Comparison of Clinical Characteristics
Across Hyperkalemia Severities During
the Emergency Department Visit

Most patients with mild hyperkalemia (85.0%)
and over half of patients with moderate hyper-
kalemia (59.6%) had only one potassium labo-
ratory assessment during their ED visit
(Table 2). However, most patients with severe
hyperkalemia (75.5%) had at least two potas-
sium laboratory assessments. Among patients
with multiple potassium laboratory values,
potassium levels returned to B 5.0 mEq/L in
over half of all patients (mild, 59.7%; moderate,
65.5%; severe, 57.1%).

During the ED visit, patients with more sev-
ere hyperkalemia received more hyperkalemia
treatments, which included potassium-binding
treatments, temporizing agents, diuretics, or
dialysis (mild, 13.4%; moderate, 30.8%; severe,
45.7%; all p\0.001). Temporizing agents were
the most common treatment and were more
commonly used by patients with severe hyper-
kalemia (31.6%). Sodium polystyrene sulfonate
(SPS) treatment was reserved mostly for patients
with severe hyperkalemia (severe 27.4% vs. mild
4.1%, p\ 0.001). Diuretics, dialysis, and patir-
omer were not commonly used during the ED
visit (5.7%, 0.8%, 0.0% overall, respectively).
Among patients with available ECG data, the
proportion of patients receiving ECG
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Table 1 Baseline characteristics among patients with mild, moderate, and severe hyperkalemia during the 6 months prior to
the ED visit

Mild
hyperkalemia

Moderate
hyperkalemia

Severe
hyperkalemia

p values

> 5.0–5.5 mEq/L > 5.5–6.0 mEq/L > 6.0 mEq/L Mild vs.
moderate

Mild vs.
severe(N = 4432) (N = 1085) (N = 705)

Demographics

Age (years), mean (SD) 61.9 (18.5) 62.1 (18.0) 62.0 (17.7) 0.76 0.97

Female, n (%) 2292 (51.7%) 563 (51.9%) 337 (47.8%) 0.94 0.06

Race, n (%) \ 0.05 \ 0.05

White 2178 (49.1%) 486 (44.8%) 382 (54.2%)

Black or African American 2185 (49.3%) 579 (53.4%) 307 (43.5%)

Asian, other, or missing 69 (1.5%) 20 (1.8%) 16 (2.3%)

Comorbidities

CKD (stage 3–5), n (%) 1768 (39.9%) 515 (47.5%) 353 (50.1%) \ 0.001 \ 0.001

CKD stage among patients

with CKD, n (%)

\ 0.05 \ 0.05

Stage 3 942 (53.3%) 240 (46.6%) 171 (48.4%)

Stage 4 305 (17.3%) 92 (17.9%) 54 (15.3%)

Stage 5 or ESRD 521 (29.5%) 183 (35.5%) 128 (36.3%)

ESRD, n (%) 228 (5.1%) 91 (8.4%) 64 (9.1%) \ 0.001 \ 0.001

Acute kidney injury, n (%) 633 (14.3%) 179 (16.5%) 154 (21.8%) 0.07 \ 0.001

Type 2 diabetes, n (%) 1618 (36.5%) 431 (39.7%) 288 (40.9%) 0.05 \ 0.05

Heart failure, n (%) 959 (21.6%) 264 (24.3%) 154 (21.8%) 0.06 0.94

Hypertension, n (%) 2731 (61.6%) 708 (65.3%) 452 (64.1%) \ 0.05 0.22

RAASi use, n (%) 1378 (31.1%) 344 (31.7%) 230 (32.6%) 0.72 0.44

Charlson Comorbidity Index

(CCI), mean (SD)

1.9 (2.3) 2.2 (2.4) 2.4 (2.5) \ 0.001 \ 0.001

Previous treatments used, n (%)

SPS or patiromer 238 (5.4%) 102 (9.4%) 89 (12.6%) \ 0.001 \ 0.001

Diuretics 1267 (28.6%) 319 (29.4%) 275 (39.0%) 0.62 \ 0.001

Dialysis 241 (5.4%) 96 (8.8%) 71 (10.1%) \ 0.001 \ 0.001

Potassium labs during baseline

Number of potassium labs, mean (SD) 5.9 (12.7) 7.6 (15.7) 11.0 (22.0) \ 0.001 \ 0.001
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monitoring increased with hyperkalemia sever-
ity (mild, 56.5%; moderate, 69.6%; severe,
81.0%; mild vs. moderate p\0.001, mild vs.
severe p\ 0.001). At ED discharge, only a small
proportion of patients received treatment with
a potassium-binding treatment (SPS or patir-
omer) (mild, 0.03%; moderate, 1.9%; severe,
5.2%; mild vs. moderate p\ 0.001, mild vs.
severe p\ 0.001).

Emergency Department and Post-
Discharge Outcomes Across Hyperkalemia
Severities

A total of 10.6% of patients with severe hyper-
kalemia died during their ED visit, compared
with 3.7% of patients with moderate hyper-
kalemia and 1.1% with mild hyperkalemia
(mild vs. moderate p\0.001; mild vs. severe
p\0.001). The proportion of patients directly
admitted to inpatient care increased as hyper-
kalemia severity increased (mild, 5.8%; moder-
ate, 8.7%; severe, 12.7%; mild vs. moderate
p\0.001, mild vs. severe p\ 0.001) (Table 2).

Among patients not directly admitted to
inpatient care, the proportion of patients with
hyperkalemia recurrence within 30 days post-

discharge increased with hyperkalemia severity
(mild, 12.9%; moderate, 19.0%; severe, 32.5%;
mild vs. moderate hyperkalemia p\0.001, mild
vs. severe hyperkalemia p\0.001). Similar pat-
terns were observed within 60 and 90 days post-
discharge from the ED (Fig. 1). Across all sever-
ity cohorts, all-cause inpatient admissions were
similar 30 days post-discharge (mild, 14.9%;
moderate, 15.8%; severe, 14.0%). A similar
trend was observed for all-cause inpatient
admissions 60 and 90 days post-discharge
(Fig. 1). The proportion of patients with inpa-
tient admissions with hyperkalemia 30 days
post-discharge increased with hyperkalemia
severity (mild, 6.5%; moderate, 7.9%; severe,
9.3%; mild vs. moderate hyperkalemia p = 0.16,
mild vs. severe p\0.05) with similar trends
observed within 60 and 90 days post-discharge
(Fig. 1).

DISCUSSION

This study comprehensively characterized the
patient demographics and clinical characteris-
tics, hyperkalemia monitoring and manage-
ment practices, and post-discharge outcomes

Table 1 continued

Mild
hyperkalemia

Moderate
hyperkalemia

Severe
hyperkalemia

p values

> 5.0–5.5 mEq/L > 5.5–6.0 mEq/L > 6.0 mEq/L Mild vs.
moderate

Mild vs.
severe(N = 4432) (N = 1085) (N = 705)

Proportion with at least 1

potassium lab, n (%)

2948 (66.5%) 757 (69.8%) 487 (69.1%) \ 0.05 0.18

Among patients with at least 1 potassium lab

Any potassium labs[ 5 mEq/L, n (%) 543 (18.4%) 211 (27.9%) 189 (38.8%) \ 0.001 \ 0.001

Number of potassium labs[ 5 mEq/L,

mean (SD)

1.1 (3.0) 1.8 (3.6) 3.0 (5.7) \ 0.001 \ 0.001

p values for categorical variables were calculated using chi-squared tests; p values for continuous variables were calculated
using analysis of variance (ANOVA) tests
CKD chronic kidney disease, ED emergency department, ESRD end-stage renal disease, N number, RAASi renin–an-
giotensin–aldosterone system inhibitor, SD standard deviation, SPS sodium polystyrene sulfonate
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Table 2 Comparison of clinical characteristics among patients with mild, moderate, and severe hyperkalemia during the ED
visit

Mild
hyperkalemia

Moderate
hyperkalemia

Severe
hyperkalemia

p values

> 5.0–5.5 mEq/L > 5.5–6.0 mEq/L > 6.0 mEq/L Mild vs.
moderate

Mild vs.
severe(N = 4432) (N = 1085) (N = 705)

Death during ED visit, n (%)

Patients who died 50 (1.1%) 40 (3.7%) 75 (10.6%) \ 0.001 \ 0.001

Potassium lab values during ED visit

Number of potassium lab values,

mean (SD)

1.2 (0.5) 1.5 (0.9) 2.2 (1.4) \ 0.001 \ 0.001

Patients with C 2 potassium lab

values, n (%)

663 (15.0%) 438 (40.4%) 532 (75.5%) \ 0.001 \ 0.001

Among patients with C 2 lab values

First potassium lab value, mean

(SD)

5.3 (0.1) 5.8 (0.1) 6.7 (0.8) \ 0.001 \ 0.001

Last potassium lab value, mean

(SD)

4.8 (0.6) 4.8 (0.7) 4.9 (1.0) 0.96 \ 0.001

Potassium lab value returned

to B 5.0 mEq/L by the end

of the visit, n (%)

396 (59.7%) 287 (65.5%) 304 (57.1%) 0.06 0.4

Monitoring during ED visit, n (%)

Electrocardiograma 2151 (56.5%) 646 (69.6%) 532 (81.0%) \ 0.001 \ 0.001

Treatment during ED visit, n (%)

Any treatment 592 (13.4%) 334 (30.8%) 322 (45.7%) \ 0.001 \ 0.001

Any temporizing agent 248 (5.6%) 168 (15.5%) 223 (31.6%) \ 0.001 \ 0.001

Albuterol 185 (4.2%) 84 (7.7%) 103 (14.6%) \ 0.001 \ 0.001

Calcium 53 (1.2%) 74 (6.8%) 134 (19.0%) \ 0.001 \ 0.001

Insulin with glucose IV 31 (0.7%) 76 (7.0%) 123 (17.4%) \ 0.001 \ 0.001

Sodium bicarbonate IV 44 (1.0%) 49 (4.5%) 97 (13.8%) \ 0.001 \ 0.001

SPS 183 (4.1%) 186 (17.1%) 193 (27.4%) \ 0.001 \ 0.001

Patiromer 0 (0.0%) 0 (0.0%) 0 (0.0%) – –

Diuretics 225 (5.1%) 76 (7.0%) 53 (7.5%) \ 0.05 \ 0.05

Dialysis 19 (0.4%) 9 (0.8%) 21 (3.0%) 0.15 \ 0.001

Potassium binding treatments at discharge, n (%)

SPS at discharge 15 (0.3%) 21 (1.9%) 37 (5.2%) \ 0.001 \ 0.001
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among patients with hyperkalemia in the ED.
This study found that in the ED setting, patients
with moderate and severe hyperkalemia had
elevated rates of death and immediate inpatient
admission, using descriptive analyses. After ED
discharge, these patients also had higher rates of
inpatient admission and hyperkalemia recur-
rence. Given the arrival of the novel potassium
binders, the management of hyperkalemia has

entered a new era and this study provides a
contemporary description of the ED manage-
ment of patients with hyperkalemia by severity.

As a result of the potentially fatal conse-
quences of severe hyperkalemia, patients with
hyperkalemia are often managed in the ED
[11, 18]. The absence of robust and evidence-
based treatment guidelines for hyperkalemia
management in the ED has posed a challenge

Table 2 continued

Mild
hyperkalemia

Moderate
hyperkalemia

Severe
hyperkalemia

p values

> 5.0–5.5 mEq/L > 5.5–6.0 mEq/L > 6.0 mEq/L Mild vs.
moderate

Mild vs.
severe(N = 4432) (N = 1085) (N = 705)

Patiromer at discharge 0 (0.0%) 0 (0.0%) 0 (0.0%) – –

Direct admission to inpatient care, n (%)

Admitted to inpatient care from ED 252 (5.8%) 91 (8.7%) 80 (12.7%) \ 0.001 \ 0.001

ED emergency department, IV intravenous, N number, SD standard deviation, SPS sodium polystyrene sulfonate
aElectrocardiogram use was calculated among patients that had electrocardiogram data available (mild, n = 3808; moderate,
n = 928; severe, n = 657); p values for categorical variables were calculated using chi-squared tests; p values for continuous
variables were calculated using analysis of variance (ANOVA) tests

Fig. 1 Post-discharge events 30, 60, and 90 days after ED
visit by hyperkalemia severity among patients discharged
from the EDa. aCalculated among patients alive and not
immediately admitted to discharge after the ED visit (mild,
n = 4130; moderate, n = 954; severe, n = 550); p values
for categorical variables were calculated using chi-squared

tests; p values for continuous variables were calculated
using ANOVA tests. ED emergency department, HK
hyperkalemia, IP inpatient
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for treating hyperkalemia in the ED setting
[14–16]. Prior treatment algorithms that have
been published to aid in the clinical manage-
ment of hyperkalemia in the ED were largely
based on anecdotal experience and findings
from a small number of patients [8, 14]. How-
ever, a recent Kidney Disease: Improving Global
Outcomes Controversies Conference was held
where a multidisciplinary group composed of
emergency medicine specialists, nephrologists,
renal physiologists, endocrinologists, cardiolo-
gists, and dieticians convened to identify best
practices in the clinical management of hyper-
kalemia [9]. In addition to consensus on an
evidence-based treatment algorithm, this con-
ference highlighted the need for frequent eval-
uations to assess treatment success [9].

ECG monitoring and repeated assessments of
serum potassium levels is a common practice to
monitor hyperkalemia, particularly in acute
hyperkalemic episodes and among patients
with comorbidities [4, 13, 19]. In this study,
most patients with severe hyperkalemia were
monitored via ECG and had repeated laboratory
assessments of serum potassium levels, which
aligns with previous studies [16, 18, 20]. Tem-
porizing agents (e.g., albuterol, calcium, etc.)
were administered to 16–32% of patients with
moderate and severe hyperkalemia during the
ED visit. Although temporizing agents are
helpful in stabilizing cardiac function, they do
not eliminate excess potassium from the body
[3, 14, 19]. After treatment with a temporizing
agent, SPS was the most commonly used treat-
ment. However, SPS provides limited value in
the short-term management of hyperkalemia
and it is occasionally associated with severe
adverse events (e.g., colonic necrosis and
intense diarrhea) [14, 15]. The study results
pointed to a clear unmet need in treatment of
patients with hyperkalemia in the ED setting.

The proportion of patients who died during
the ED visit increased as the severity of hyper-
kalemia increased (mild, 1.1%; moderate, 3.7%;
severe, 10.6%; all p\0.001). Many previous
studies [2, 16, 21] also reported an increase in
mortality with increased hyperkalemia severity.
For example, a 2017 retrospective study found
that compared to patients with normal potas-
sium levels (3.5–5.0 mEq/L), patients with

‘‘severely elevated’’ potassium levels
([6.0 mEq/L) had five times higher odds of
dying (95% confidence interval 2.9–8.6) [16].
However, a recent study found that reducing
potassium levels to\ 5.5 mEq/L in the ED was
associated with a 50% mortality reduction after
adjusting for age, creatinine, comorbidities, and
initial potassium level, which highlighted the
importance of appropriate management of
hyperkalemia in the ED setting [17].

At the end of the ED visit, 34–43% of the
patients still had elevated potassium levels (i.e.,
[5.0 mEq/L). However, at discharge, only a
small proportion of patients (less than 6% in the
severe group) received treatment with a potas-
sium-binding treatment (SPS or patiromer). The
gap between the elevated potassium level at the
end of the ED visit and the low prescription rate
of hyperkalemia treatment at discharge may
indicate an unmet need for post-ED manage-
ment of hyperkalemia. The post-discharge bur-
den of hyperkalemia recurrence and
hyperkalemia-related inpatient admission fur-
ther demonstrate such an unmet need.

Using a large EMR database, this study
characterized ED management and post-dis-
charge outcomes across hyperkalemia severities;
future studies that examine predictors of post-
ED outcomes including hyperkalemia recur-
rence and inpatient admission would be valu-
able. Furthermore, as the awareness of the
unmet need of patients with hyperkalemia
increases, in both the ED and post-discharge
settings [22], there is an impetus to understand
how clinicians can more effectively treat
patients within the ED and after discharge from
the ED to ultimately lower rates of hyper-
kalemia recurrence and readmission. With the
development of novel potassium binders [23],
future studies are needed to identify which
patient groups (e.g., those with moderate to
severe hyperkalemia or with recurring hyper-
kalemia) would benefit the most from emerging
therapies.

Limitations

The findings in this study offer a valuable
benchmark that can help healthcare
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stakeholders assess progress in the clinical
management of hyperkalemia. This study, con-
ducted in a large EMR database, provides a rich
data source including laboratory data and lon-
gitudinal information on patients with care
across multiple settings, which enabled a char-
acterization of events that occurred both during
and after an ED visit. One of the limitations of
the study is that although we assessed a large
number of variables at baseline and during the
ED visit, not all clinical characteristics were
assessed such as serum bicarbonate level.
Despite that recent meta-analysis [24] has
shown that risk of hyperkalemia and mortality
among patients with ESRD can be partially
dependent on the duration of between-dialysis
period, we found the proportion of stage 5 or
patients with ESRD increased as hyperkalemia
severity increases. However, we did not have the
data on duration of between-dialysis period to
provide additional insights into this patient
population with ESRD.

Although the large number of patients in
this study likely comprise a representative
sample of patients with hyperkalemia in
Louisiana, the generalizability of this study may
be limited if the management of hyperkalemia
in Louisiana differs from other areas in the US.
Additionally, because out-of-network health-
care encounters were not captured in the EMR
database, the baseline and post-discharge results
in this study may be slightly underestimated.

CONCLUSIONS

Patients with moderate and severe hyper-
kalemia experienced elevated risk of death and
direct inpatient admission after an ED visit, as
well as hyperkalemia recurrence and hyper-
kalemia-related inpatient readmissions follow-
ing discharge from the ED, from a descriptive
analysis. Additional studies are warranted to
assess strategies to reduce recurrence and inpa-
tient admission in this patient population.
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