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, Abstract—Background: Hyperkalemia is a common,
potentially lethal clinical condition that accounts for a signif-
icant number of emergency department (ED) visits. Insulin
and dextrose are frequently used to manage patients with
hyperkalemia. Objective: This narrative review evaluates
several myths concerning hyperkalemia treatment with in-
sulin and dextrose in the ED and provides recommendations
based on the current evidence. Discussion: Hyperkalemia is
a life-threatening condition requiring emergent therapy.
One of these therapies includes insulin with glucose. Howev-
er, hypoglycemia after insulin use is a frequent complication
during hyperkalemiamanagement. The published literature
suggests that low pretreatment glucose, no history of dia-
betes mellitus, female gender, abnormal renal function,
and lower body weight increase the risk of hypoglycemia.
Several strategies can reduce the risk of hypoglycemia
with insulin therapy, which include using insulin 5 units or
0.1 units/kg instead of 10 units, administering dextrose
50 g instead of 25 g, or administering dextrose as a prolonged
infusion instead of a rapid intravenous bolus. Because insu-
lin may have a duration of action that exceeds dextrose, pa-
tients receiving insulin for hyperkalemia should be
monitored for hypoglycemia hourly for at least 4–6 h after
administration. Conclusion: Several myths surround hyper-
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kalemia management with insulin and dextrose. This review
evaluates the evidence concerning insulin and glucose for hy-
perkalemia and suggests several modifications to insulin and
dextrose dosing to reduce the risk of hypoglycemia. Pub-
lished by Elsevier Inc.
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INTRODUCTION

Hyperkalemia (potassium >5.0 mmol/L) is a common,
potentially life-threatening clinical condition that may
affect #10% of patients in the emergency department
(ED) (1–6). Hyperkalemia often affects patients with
acute kidney injury (AKI) or chronic kidney disease
(CKD), but it can also affect those with cardiovascular
disease, diabetes mellitus, sickle cell disease, liver or
kidney transplant, rhabdomyolysis, or those using
various medications, such as angiotensin-converting
enzyme inhibitors or angiotensin-receptor blockers
(5,7–11). Clinical manifestations include cardiac
dysrhythmias, respiratory depression, paralysis,
paresthesias, depressed tendon reflexes, vomiting, or
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diarrhea (1,7,9,11–14). These clinical manifestations are
associated with increased patient mortality and hospital
costs, emphasizing the importance of emergent
hyperkalemia management in the ED (8,15–18).
Numerous treatment options for hyperkalemia are
available and include agents that stabilize the cardiac
membrane, redistribute potassium into cells, and
enhance potassium elimination from the body (1,5–
7,9,11,12,19,20). Intravenous (IV) insulin is a popular
treatment option because of its rapid onset and
predictable hypokalemic effects (11,21). Although
insulin use for hyperkalemia treatment is typically well-
tolerated, some patients may experience serious adverse
drug events, such as hypoglycemia, despite concurrent
administration with dextrose. This narrative review pro-
vides emergency clinicians with improved understanding
of risk factors for hypoglycemia, dosing strategies, and
hypoglycemia monitoring considerations by addressing
several myths related to insulin use for hyperkalemia
management.

METHODS

To construct this narrative review, we searched PubMed
and Google Scholar using the keywords ‘‘hyperkalemia,’’
‘‘potassium,’’ ‘‘insulin,’’ ‘‘dextrose,’’ ‘‘cardiac arrest,’’
and ‘‘treatment.’’ We focused on acute management of
hyperkalemia with insulin and glucose and the risk of hy-
poglycemia. This search generated 333 results. We
included case reports and series, retrospective and pro-
spective studies, systematic reviews and meta-analyses,
clinical guidelines, and other narrative reviews. Articles
not in English, those presented as abstracts only, articles
that were not available in full text, and articles that were
outside the scope of this review were excluded. A total of
40 resources were selected for inclusion in this review. As
this is a narrative review, we did not pool individual study
data for further statistical analysis.

DISCUSSION

This review focuses on several components of hyperkale-
mia management with insulin by investigating myths
related to this topic. Each myth will be followed by a
pearl regarding insulin and glucose therapy for hyperka-
lemia.

Myth 1: All Patients Have Similar Risk for Hypoglycemia
During Hyperkalemia Treatment with Insulin

Insulin causes an intracellular shift of potassium by stim-
ulating extracellular Na+-H+ antiporters, thereby promot-
ing sodium influx (22–25). Increased intracellular sodium
concentrations trigger the activation of the Na+-K+
ATPase transporter, which exchanges intracellular
sodium for extracellular potassium (22–25). IV insulin
is believed to cause a dose-dependent decrease in serum
potassium, with 10 units estimated to lower serum potas-
sium by 0.6 to 1.2 mEq/L (21). When administered intra-
venously, the potassium shifting effects of insulin occur
within 15 min of administration (21). IV insulin for the
treatment of hyperkalemia is not without risks, the most
common complication being hypoglycemia, with re-
ported rates ranging from 8.7% to 75% (21,26–30).

Pearl 1: The Risk of Hypoglycemia May be Elevated in
Those with Abnormal Renal Function, no History of
Diabetes Mellitus, Low Pretreatment Glucose, Lower
Body Weight, and Female Gender

Several factors affect the risk of hypoglycemia with insu-
lin therapy for hyperkalemia. Abnormal renal function
has been identified as a risk factor for hypoglycemia after
insulin administration (21,28,31). In a study evaluating
12 patients with end stage renal disease (ESRD) who
were given 10 units IV regular insulin with 25 g
dextrose, 9 patients (75%) developed hypoglycemia
(blood glucose [BG] <55 mg/dL) 1 h posttreatment
(21). Baseline BG before treatment was 88 mg/dL (21).
A more recent study by Apel et al. observed hypoglyce-
mia (BG < 60 mg/dL) in 13% (29/221) of patients with
ESRD who were treated with insulin (29). Garcia et al.
found an increased risk of hypoglycemic events in pa-
tients with elevated baseline serum creatinine at the
time of treatment with IV insulin (odds ratio [OR] 1.12,
95% confidence interval [CI] 1.02–1.23) (31). Several
proposed explanations for increased hypoglycemia risk
in those with renal dysfunction include decreased insulin
clearance, reduced renal gluconeogenesis, and reduced
glucagon release (22,32).

In addition to impaired renal function, no history of
diabetes mellitus, lower pretreatment glucose, lower
body weight, and female gender have also been identified
as risk factors (26,28–31,33). Apel et al. identified no
previous diagnosis of diabetes (OR 2.3, 95% CI 1.0–
5.1) and lower pretreatment glucose (104 6 63 mg/dL
vs. 162 6 148 mg/dL; p = 0.04) as risk factors for
hypoglycemia (29). Studies by Wheeler et al. and Coca
et al. found an increased risk of hypoglycemia when pre-
treatment glucose was <140 mg/dL (OR 4.3, 95% CI 1.4–
13.7; p = 0.01) and <120 mg/dL (OR 4.44, 95% CI 0.9–
21.57; p = 0.055), respectively (30,33). Garcia et al.
observed that higher pretreatment glucose decreased
hypoglycemia risk (OR 0.969, 95% CI 0.955–0.983;
p = 0.007) (31). Schafers et al. found an increased risk
of hypoglycemia in patients with lower body weight
(55.8 vs. 92 kg; p < 0.05) (28). Of note, 79% (15/19) of
patients who experienced hypoglycemia had concurrent
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AKI or ESRD (28). Wheeler et al. observed that females
were more likely to develop hypoglycemia compared
with males (OR 3.2, 95% CI 1.1–9.1; p = 0.03) (30).

Insulin or dextrose dose adjustment strategies should
be considered for patients with $1 risk factor for hypo-
glycemia, which will be discussed in subsequent sections.
Because the majority of patients who require treatment
for hyperkalemia have some degree of renal impairment,
and because lower pretreatment glucose has been identi-
fied as a risk factor by several studies, lower pretreatment
glucose should be the primary risk factor to prompt
consideration for dosage adjustment (26,28–31,33). If a
patient does not have lower pretreatment glucose, but
has combinations of other risk factors, dose adjustment
should also be considered.

Myth 2: Insulin 10 Units is Recommended for All Patients
with Hyperkalemia

Most references recommend administration of 10 to 20
units of insulin in combination with 25 to 50 g dextrose
to patients with severe hyperkalemia (serum potassium
exceeding 6–6.5 mmol/L) (6,7,9,19,20,22). However,
this may be associated with an increased risk of
hypoglycemia. Dextrose is typically administered in
combination with insulin to prevent hypoglycemia.
Although the combination of insulin 10 units with
dextrose 25 g is commonplace in the ED and inpatient
settings, hypoglycemia is common and may occur in
#75% of patients (21). This high incidence of hypoglyce-
mia has prompted some providers to question if 10 units
is necessary for all patients with hyperkalemia (22).

Pearl 2: Insulin Regular 5 Units or 0.1 Units/kg May be
as Effective as 10 Units with Lower Incidence of
Hypoglycemia

Several recent studies have compared insulin dosing stra-
tegies in patients with hyperkalemia to evaluate
potassium-lowering ability and propensity for hypogly-
cemia. Comparisons were 5 units vs. 10 units or 0.1
units/kg vs. 10 units (27,31,33–35). Pierce et al.
compared hospitalized adults with renal dysfunction
(CKD or AKI) who received either 5 or 10 units for
hyperkalemia; 25 g dextrose was given concurrently
regardless of the insulin dosing strategy (34). Decreases
in serum potassium were similar between groups
(1.1 6 0.91 mEq/L after 5 units vs. 1.08 6 0.89 mEq/
L after 10 units; p = 0.89), and there were no differences
in incidence of hypoglycemia (BG# 70mg/dL) or severe
hypoglycemia (BG < 50 mg/dL) (34). LaRue et al. also
compared 5 vs. 10 units in adults with hyperkalemia
managed in the ED (27). Patients receiving either insulin
dose were administered 25 g of dextrose initially, then
25 g 1 h later, followed by another 25 g an additional
2 h later as needed for BG < 70 mg/dL (27). Potassium
lowering was similar between groups (1 6 0.8 mEq/L af-
ter 5 units vs. 1 6 0.7 mEq/L after 10 units; 95% CI for
difference �0.1 to 0.1); however, the incidence of hypo-
glycemia (BG < 70 mg/dL) was significantly lower in the
5 units group (19.5% vs. 28.6%; 95% CI for difference
�16.8% to�1.3%) (27). There was no difference in inci-
dence of severe hypoglycemia (BG < 40 mg/dL) (27).
Finally, Garcia et al. compared insulin 5 to 10 units in
hospitalized adults with hyperkalemia (31). Patients
received 0 to 100 g of concurrent dextrose (92% received
between 25–50 g) (31). There was no difference in post-
insulin potassium reduction between groups
(0.81 6 0.58 mmol/L after 5 units vs.
0.9 6 0.68 mmol/L after 10 units; p = 0.221) or inci-
dence of hypoglycemia (BG < 70 mg/dL) (31). However,
a subset analysis of patients with baseline potassium
$6 mmol/L revealed greater potassium reduction after
10 units (1.08 mmol/L vs. 0.83 mmol/L; p = 0.018) (31).

Similar findings were observed in patients who were
given 0.1 units/kg vs. 10 units of insulin. Wheeler et al.
compared hospitalized adults treated with 0.1 units/kg
(maximum of 10 units) or 10 units (33). Fifty grams of
dextrose was given concurrently regardless of dosing
strategy (33). Potassium lowering was similar between
groups (1.34 6 0.94 mmol/L after 0.1 units/kg vs.
1.35 6 0.97 mmol/L after 10 units; p = 0.94), and there
were no differences in incidence of hypoglycemia
(BG < 70 mg/dL) or severe hypoglycemia
(BG < 40 mg/dL) (33). Brown et al. also compared hos-
pitalized adults given either 0.1 units/kg (maximum of
10 units) or provider choice of insulin dose (35). Patients
received 25 g of dextrose concurrently in either group
(35). Potassium lowering was similar between groups
(0.6 6 0.9 mmol/L after 0.1 units/kg vs.
0.6 6 0.6 mmol/L after provider choice; p = 0.67), and
there were no differences in incidence of hypoglycemia
(BG < 70 mg/dL) or severe hypoglycemia
(BG < 50 mg/dL) (35). Of note, insulin dosing was
similar between groups, as 0.1 units/kg patients received
8.3 6 1.6 units, while provider choice patients received
8.7 6 2.3 units (p = 0.08) (35).

To summarize, the efficacy of lower dose regimens of
insulin (5 units or 0.1 units/kg) in potassium reduction
was similar to 10 units; however, Garcia et al. observed
that a subset of patients with baseline potassium
$6 mmol/L experienced greater potassium reduction af-
ter 10 units (27,31,33–35). The incidence of
hypoglycemia or severe hypoglycemia was also similar
after lower dose or 10 unit regimens; however, LaRue
et al. found that the incidence of hypoglycemia was
significantly lower in those receiving 5 units (27,31,33–
35). These results suggest that lower-dose regimens



Figure 1. Recommended hypoglycemia risk reduction strategies for patients requiring insulin treatment for hyperkalemia.
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have similar efficacy but may be safer, especially in pa-
tients with multiple risk factors for hypoglycemia after
insulin therapy. In patients with no risk factors for hypo-
glycemia, traditional therapy (i.e., insulin 10 units with
dextrose 25 g) can be used. Providers can also consider
holding dextrose if the pretreatment glucose
is > 250 mg/dL (36).

Myth 3: Dextrose 25 g is Adequate to Avoid
Hypoglycemia for All Patients Receiving Insulin for
Hyperkalemia

Dextrose 25 g (e.g., 50 mL of 50% dextrose [D50]) as an
IV bolus with 10 units of IV insulin is commonly recom-
mended to prevent hypoglycemia during emergent man-
agement of hyperkalemia (2,9,12,36,37). This
combination is widely believed to be sufficient to
ensure that hypoglycemia does not develop after insulin
administration. However, hypoglycemia has been
reported in 13–75% of patients receiving this
combination (21,27,29). Comparison of the duration of
action of dextrose and insulin IV boluses illustrates
why hypoglycemia may occur. In patients with normal
renal function, D50 boluses typically have a duration of
action of 1 h, compared with the 4–6 h duration of
action of regular insulin (9). Because of decreased renal
clearance of insulin, patients with CKD are at higher
risk of hypoglycemia, and may have an even greater
gap in glycemic coverage compared with those with
normal renal function (7,36). This gap in coverage has
been identified in several studies. Pierce et al. compared
patients with AKI or CKD who received either 5 or 10
units of IV insulin for hyperkalemia management in
addition to 25 g of dextrose (34). Hypoglycemia occurred
after 4 h in 28.6% of patients who received 10 units (me-
dian 2.5 h [interquartile range 1.75–4 h]) and in 14.3% of
patients who received 5 units (median 2.37 h [IQR 1.25–
3.25 h]). (34). Notably, 1 patient in the 10 units group
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experienced hypoglycemia 7.5 h postinsulin administra-
tion (34). Additional studies by Schafers et al. and McNi-
cholas et al. reported times to hypoglycemia of 3 h and
2.37 h, respectively (28,38). The alarmingly high
frequency of hypoglycemia suggests that 25 g of
dextrose may be inadequate for hypoglycemia
prevention in many patients.

Pearl 3: Higher Doses of Dextrose or Prolonged
Infusions May be Required to Prevent Hypoglycemia

Modifications to dextrose dose or infusion time may
decrease the likelihood of hypoglycemia after insulin
administration. Coca et al. described one strategy
involving dextrose infusion for hypoglycemia prevention
(30). In this study, patients with AKI and non–dialysis-
dependent CKD received 10 units IV insulin with
dextrose 50 g (500 mL of dextrose 10%) infused over
4 h (30). Only 6.1% of treatments (10/164) resulted in hy-
poglycemia within 8 h after the end of the insulin-
dextrose infusion (30). The average hypoglycemia onset
was 3.5 h; however, 1 patient experienced hypoglycemia
6 h postinfusion (30).Wheeler et al. also assessed patients
given insulin (either 10 units or 0.1 units/kg) and dextrose
50 g (dextrose product and infusion duration not stated)
(33). Hypoglycemia was observed in 19.7% of those
given 10 units and 10.6% of those given 0.1 units/kg
(p = 0.22) (33). The mean or median onset of hypoglyce-
mia was not reported (33).

Farina et al. recently evaluated if dextrose 50 g was
more likely to prevent hypoglycemia compared with
25 g in patients receiving insulin 10 units (dextrose prod-
uct and infusion duration not stated) (39). Patients were
matched based on baseline rates of AKI, ESRD, and dia-
betes mellitus and assessed for hypoglycemia and hyper-
glycemia #4 h after insulin administration (39). At 1 h
postinsulin, 8.3% of patients receiving 50 g developed
hypoglycemia compared with 15.8% of those receiving
25 g (p = 0.11) (39). At 4 h postinsulin, 5% of those
receiving 50 g developed hypoglycemia vs. 4.2% of 25-
g patients (p = 1) (39). Hyperglycemia (glucose
>180 mg/dL) rates were higher in 50-g patients at 1 h
postinfusion (52.5% vs. 26.7%; p = 0.001) but not at
4 h postinsulin (10.8% in the 50-g group vs. 14.2% in
the 25-g group; p = 0.56) (39). Among patients with a
baseline BG < 110 mg/dL, hypoglycemia rates 1 h post-
insulin were significantly lower in those who received
dextrose 50 g (10.8% vs. 35.4%; p = 0.002) (39). Higher
dextrose dose did not affect hyperglycemia rates in dia-
betic patients at 1 h (53.1% after 50 g vs. 40.6% after
25 g; p = 0.45) or 4 h (18.8% after 50 g vs. 31.2% after
25 g; p = 0.39) after infusion (39).

Based on these findings, dextrose 50 g or prolonged
infusion rates appear to reduce the risk of hypoglycemia,
especially in patients with lower baseline BG levels. The
risk of hyperglycemia appears to be minimal and short-
lived when compared with lower doses (e.g., 25 g).
Combining lower insulin dose strategies with higher
dextrose dose strategies would likely be the best approach
to reducing hypoglycemia risk; however, this hypothesis
requires further evaluation.

Myth 4: Patients Receiving Insulin and Dextrose for
Hyperkalemia Do Not Require Monitoring for
Hypoglycemia

As described previously, the onset of hypoglycemia after
insulin administration commonly ranges from 2–4 h,
despite concurrent dextrose administration
(28,30,34,38). However, hypoglycemic events have
been documented#7.5 h postinsulin administration (34).

Pearl 4: Patients Receiving Insulin for Hyperkalemia
Should be Monitored for Hypoglycemia Hourly for 4–6 h
After Administration

Based on these findings, BG monitoring should be per-
formed hourly for the first 4–6 h after treatment with in-
sulin. A recent publication by the Institute for Safe
Medication Practices recommends monitoring BG for
$6 h after insulin administration, even if concurrent
dextrose is given (40). Monitoring is evenmore important
in those with risk factors for hypoglycemia (e.g., lower
baseline glucose, receiving higher insulin doses) or in
those unable to communicate symptoms of hypoglycemia
(e.g., dementia, altered mental status, or mechanically
ventilated). As-needed dextrose boluses should be proac-
tively ordered for these patients to prevent delays if hypo-
glycemia treatment is required.

Consideration of patient risk factors for hypoglycemia
with insulin and dextrose therapy, along with utilization
of several strategies for insulin and dextrose administra-
tion, can reduce the risk hypoglycemia. Figure 1 shows
several strategies for insulin and dextrose administration.

CONCLUSIONS

Hyperkalemia is a common clinical condition that ac-
counts for a significant number of ED visits. Insulin is
frequently used to manage these patients, especially those
with severe hyperkalemia or those with life-threatening
symptoms. Although most emergency clinicians are
familiar with insulin and dextrose therapy, they may be
unaware of the risk of hypoglycemia after treatment. Pa-
tients who are at an increased risk of hypoglycemia
include those with low pretreatment glucose, no history
of diabetes mellitus, female gender, abnormal renal func-
tion, or lower body weight. Strategies to prevent
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hypoglycemia include using insulin 5 units or 0.1 units/kg
instead of 10 units, administering dextrose 50 g instead of
25 g, or administering dextrose as a prolonged infusion
(e.g., 4 h) instead of a rapid IV bolus. Patients receiving
insulin for hyperkalemia should be monitored for hypo-
glycemia hourly for at least 4–6 h after administration.
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ARTICLE SUMMARY

1. Why is this topic important?
Insulin and dextrose are often used in the emergency

department management of hyperkalemia; however, hy-
poglycemia can occur.
2. What does this review attempt to show?

This narrative review evaluates several myths concern-
ing hyperkalemia treatment with insulin and dextrose in
the emergency department and provides recommenda-
tions based on the current evidence.
3. What are the key findings?

Hypoglycemia is a common complication with hyper-
kalemia therapy. Risk factors include low pretreatment
glucose, no history of diabetes mellitus, female gender,
abnormal renal function, and lower body weight. Based
on the current evidence, strategies to reduce the risk of hy-
poglycemia with insulin therapy include using insulin 5
units or 0.1 units/kg instead of 10 units, administering
dextrose 50 g instead of 25 g, or administering dextrose
as a prolonged infusion instead of a rapid intravenous
bolus. Because insulin may have a duration of action
that exceeds dextrose, patients who are receiving insulin
for hyperkalemia should be monitored for hypoglycemia
hourly for at least 4–6 h after administration.
4. How is patient care impacted?

Therapy for hyperkalemia often includes insulin and
dextrose; however, several myths surround this therapy.
This review evaluates the evidence suggesting that modi-
fications to insulin or dextrose dosing can reduce the risk
of hypoglycemia.
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