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BACKGROUND: Acute hyperkalemia (serum potassium >
5.1 mEg/L) is often treated with a bolus of IV insulin. This
treatment may result in iatrogenic hypoglycemia (glucose
< 70 mg/dl).

OBJECTIVES: The aims of this study were to accurately
determine the frequency of iatrogenic hypoglycemia
following insulin treatment for hyperkalemia, and to
develop an electronic health record (EHR) orderset to
decrease the risk for iatrogenic hypoglycemia.

DESIGN: This study was an observational, prospective study.

SETTING: The setting for this study was a university
hospital.

PATIENTS: All nonobstetric adult inpatients in all acute
and intensive care units were eligible.

INTERVENTION: Implementation of a hyperkalemia
orderset (Orderset 1.1) with glucose checks before and
then one, two, four, and six hours after regular intravenous
insulin administration. Based on the results from Orderset
1.1, Orderset 1.2 was developed and introduced to
include weight-based dosing of insulin options, alerts
identifying patients at higher risk of hypoglycemia, and

yperkalemia (serum potassium >5.1 mEg/L), if left
untreated, may result in cardiac arrhythmias, severe
muscle weakness, or paralysis."? Insulin administra-
tion can rapidly correct hyperkalemia by shifting se-
rum potassium intracellularly.?® Treatment of hyperkalemia with
insulin may lead to hypoglycemia, which, when severe, can
cause confusion, seizures, loss of consciousness, and death.
The use of regular and short-acting insulins to correct hyper-
kalemia quickly in hospitalized patients results in the greatest
risk of hypoglycemia within three hours of treatment.* None-
theless, monitoring blood glucose levels within six hours of
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tools to guide decision-making based on the preinsulin
blood glucose level.

MEASUREMENTS: Patient demographics, weight,
diabetes history, potassium level, renal function, and
glucose levels were recorded before, and then glucose
levels were measured again at one, two, four, and six
hours after insulin was administered.

RESULTS: The iatrogenic hypoglycemia rate identified
with mandatory glucose checks in Orderset 1.1 was 21%;
92% of these occurred within three hours posttreatment.
Risk factors for hypoglycemia included decreased renal
function (serum creatinine >2.5 mg/dl), a high dose of
insulin (>0.14 units/kg), and re-treatment with blood
glucose < 140 mg/dl. After the introduction of Orderset
1.2, the rate of iatrogenic hypoglycemia decreased to
10%.

CONCLUSIONS: The use of an EHR orderset for
treating hyperkalemia may reduce the risk of iatrogenic
hypoglycemia in patients receiving insulin while still
adequately lowering their potassium. Journal of Hospital
Medicine 2020;15:81-86. © 2020 Society of Hospital
Medicine

postinsulin administration is not a standard part of hyperkale-
mia treatment guidelines,® leaving the rates of hypoglycemia
in this setting poorly characterized.

Without standardized blood glucose measurement proto-
cols, retrospective studies have reported posttreatment hy-
poglycemia rates of 8.7%-17.5% among all patients with hy-
perkalemia,® and 13% among patients with end-stage renal
disease.* These estimates likely underestimate the true hypo-
glycemia rates as they measure blood glucose sporadically
and are often outside the three-hour window of highest risk
after insulin administration.

At the University of California, San Francisco Medical Cen-
ter (UCSFMC), we faced similar issues in measuring the true
hypoglycemia rates associated with hyperkalemia treatment.
In December 2015, a 12-month retrospective review revealed
a 12% hypoglycemia rate among patients treated with insulin
for hyperkalemia. This review was limited by the inclusion of
only patients treated for hyperkalemia using the standard ord-
erset supplied with the electronic health record system (EHR,;
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EPIC Systems, Verona, Wisconsin) and the absence of specific
orders for glucose monitoring. As a result, more than 40% of
these inpatients had no documented glucose within six hours
of postinsulin administration.

We subsequently designed and implemented an adult inpa-
tient hyperkalemia treatment orderset aimed at reducing iatro-
genic hypoglycemia by promoting appropriate insulin use and
blood glucose monitoring during the treatment of hyperkale-
mia. Through rapid improvement cycles, we iteratively revised
the orderset to optimally mitigate the risk of hypoglycemia
that was associated with insulin use. We describe implementa-
tion and outcomes of weight-based insulin dosing,” automat-
ed alerts to identify patients at greatest risk for hypoglycemia,
and clinical decision support based on the preinsulin blood
glucose level. We report the rates of iatrogenic hypoglycemia
after the implementation of these order-set changes.

METHODS

Design Overview

EHR data were extracted from Epic Clarity. We analyzed data
following Orderset 1.1 implementation (January 1, 2016-March
19, 2017) when hypoglycemia rates were reliably quantifiable
and following orderset revision 1.2 (March 20, 2017-September
30, 2017) to evaluate the impact of the orderset intervention.
The data collection was approved by the Institutional Review
Board at the University of California, San Francisco.

Additionally, we explored the frequency in which providers
ordered insulin through the hyperkalemia orderset for each
version of the orderset via two-month baseline reviews. Inves-
tigation for Orderset 1.1 was from January 1, 2017 to February
28, 2017 and for Orderset 1.2 was from August 1, 2017 to Sep-
tember 30, 2017. Insulin ordering frequency through the hyper-
kalemia orderset was defined as ordering insulin through the
adult inpatient hyperkalemia orderset versus ordering insulin
in and outside of the hyperkalemia orderset.

Last, we measured the nursing point of care testing (POCT)
blood glucose measurement compliance with the hyperkale-
mia orderset. Nursing utilization acceptance of the hyperka-
lemia orderset was defined as adequate POCT blood glucose
levels monitored in comparison to all insulin treatments via the
hyperkalemia orderset.

Setting and Participants

We evaluated nonobstetric adult inpatients admitted to UCSF
Medical Center between January 2016 and September 2017.
All medical and surgical wards and intensive care units were
included in the analysis.

Intervention

In June 2012, an EHR developed by Epic Systems was intro-
duced at UCSFMC. In January 2016, we designed a new EHR-
based hyperkalemia treatment orderset (Orderset 1.1), which
added standard POCT blood glucose checks before and at
one, two, four, and six hours after insulin injection (Appendix
1). In March 2017, a newly designed orderset (Orderset 1.2)
replaced the previous hyperkalemia treatment orderset {Ap-
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pendix 2). Orderset 1.2 included three updates. First, providers
were now presented the option of ordering insulin as a weight-
based dose (0.1 units/kg intravenous bolus of regular insulin) in-
stead of the previously standard 10 units. Next, provider alerts
identifying high-risk patients were built into the EHR. Last, the
orderset included tools to guide decision-making based on
the preinsulin blood glucose as follows: (1) If preinsulin blood
glucose is less than 150 mg/dL, then add an additional dex-
trose 50% (50 mL) IV once one hour postinsulin administration,
and (2) if preinsulin blood glucose is greater than 300 mg/dL,
then remove dextrose 50% (50 mL) with insulin administration.
Inclusion and exclusion criteria are shown in the Figure. All
patients who had insulin ordered via a hyperkalemia orderset
were included in an intention-to-treat analysis. A further analy-
sis was performed for patients for whom orderset compliance
was achieved (ie, insulin ordered through the ordersets with
adequate blood glucose monitoring). These patients were re-
quired to have a POCT blood glucose check preinsulin admin-
istration and postinsulin administration as follows: (1) between
30 to 180 minutes (0.5 to three hours) after insulin administra-
tion, and (2) between 180 and 360 minutes (three to six hours)
after insulin administration. For patients receiving repeated
insulin treatments for hyperkalemia within six hours, the first
treatment data points were excluded to prevent duplication.

Outcomes

We extracted data on all nonobstetric adult patients admitted
to UCSFMC between January 1, 2016 and March 19, 2017 (Or-
derset 1.1) and between March 20, 2017 and September 30,
2017 (Orderset 1.2).

We measured unique insulin administrations given that
each insulin injection poses a risk of iatrogenic hypoglycemia.
Hypoglycemia was defined as glucose <70 mg/dL and severe
hypoglycemia was defined as glucose <40 mg/dL. Covariates
included time and date of insulin administration; blood glucose
levels before and at one, two, four, and six hours after insulin
injection (if available); sex; weight; dose of insulin given for hy-
perkalemia treatment; creatinine; known diagnosis of diabetes;
concomitant use of albuterol; and concomitant use of cortico-
steroids. Hyperglycemia was defined as glucose >180 mg/dL.
We collected potassium levels pre- and postinsulin treatment.
The responsible team’s discipline and the location of the patient
(eg, medical/surgical unit, intensive care unit, emergency de-
partment) where the insulin orderset was used were recorded.

Statistical Analysis

Statistical analysis for our data included the x2 test for categor-
ical data and Student t test for continuous data. The bivariate
analysis identified potential risk factors and protective factors
for hypoglycemia, and logistic regression was used to deter-
mine independent predictors of hypoglycemia. Through bivar-
iate analyses, any factor with a P value below .05 was included
in the multivariable analyses to investigate a significant con-
tribution to hypoglycemia outcomes. Analyses for hypoglyce-
mia and severe hypoglycemia rates, potassium levels pre- and
postinsulin treatment, and hyperglycemia rates were done for
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Orderset 1.1 (1/1/16-3/19/17)
Features of the Orderset
1. Hyperkalemia Treatment Modalities
e Insulin 10 Units IV x1
e D50 25g IV x1
2. POCT Pre- and Post-Insulin Administration

352 Insulin Orders via Hyperkalemia Orderset

15 Orders Excluded for Repeat Treatment

337 Remaining Insulin Orders

112 Orders Excluded for Inadequate POCT
e Lack in Pre-BG

| e Lackin Post-BG First 3 hours

e Lack in Post-BG Latter 3 hours

> N =225

FIG. Flow Diagram Displaying the Study Cohort's Inclusion and Exclusion Criteria

Abbreviation: POCT, point of care testing.

both the intention-to-treat group and the group with all criteria
met. All analyses were rendered utilizing Stata version 14 (Stata
Corp LLC, College Station, Texas).

RESULTS
Baseline patient characteristics, initial insulin dosing, the treat-
ment team, and the location are shown in Table 1. With the im-
plementation of weight-based dosing, a lower dose of insulin
was administered with Orderset 1.2 compared with Orderset 1.1.
Orderset adherence rates for Orderset 1.1 and 1.2 were as
follows: Acute Care Floor 65% (70%), Intensive Care Unit 63%
(66%), and Emergency Department 60% (55%). A two-month
audit of orderset usage and compliance revealed that 73% (70
of 96) of insulin treatments were ordered through Orderset 1.1,
and 77% (71 of 92) of insulin treatments were ordered through
Orderset 1.2. The distribution of orderset usage across loca-
tion and primary service are shown in Table 1.
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Orderset 1.2 (3/20/17-9/30/17)
Features of the Orderset
1. Hyperkalemia Treatment Modalities
2. POCT Pre- and Post-Insulin Administration
3. Weight-Based Dosing for Insulin (0.1 units/kg)-NEW
4

. Provider alerts to Identofy At-Risk Patients for Hypoglycemia -
NEW

5. Concomitant Dextrose Administration Based on Pre-Insulin
Blood Glucose - NEW

-If Pre-Insulin Blood Glucose <150 mg/dL, then Add an
Additional Dextrose 50% (25g) IV Once 1-Hour Post-Insulin
Admonistration.

-If Pre-Insulin BLood Glucose is >300 mg/dL, then Dextrose
50% (25g) with Insulin Administration.

239 Insulin Orders via Hyperkalemia Orderset

14 Orders Excluded for Repeat Treatment

225 Remaining Insulin Orders

80 Orders Excluded for Inadequate POCT
e Lack in Pre-BG

e Lack in Post-BG First 3 hours

e Lack in Post-BG Latter 3 hours

> N =145

The patient distribution is shown in the Figure. In the Order-
set 1.1 period, there were 352 total insulin treatments utilizing
the newly revised UCSFMC adult inpatient hyperkalemia or-
derset that were used for the intention-to-treat analysis, and
there were 225 patients for whom compliance with orderset
monitoring was achieved. Notably, 112 treatments were ex-
cluded for the lack of adequate blood glucose monitoring. In
the Orderset 1.2 period, there were 239 total insulin treatments
utilizing the newly revised UCSFMC adult inpatient hyperkale-
mia orderset that were used for the intention-to-treat analysis,
and there were 145 patients for whom compliance with order-
set monitoring was achieved. During this phase, 80 treatments
were excluded for inadequate blood glucose monitoring.

Predictors of hypoglycemia following the implementation of
Orderset 1.1 are shown in Table 2, and the logistic regression
model of these risks is shown in Appendix Table 1. Female
gender, weight-based dosing of insulin exceeding 0.14 units/
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TABLE 1. Baseline Characteristics, Initial Insulin Dosing, and Treatment Team and Location?

Orderset 1.1

n=225

Age (y) 58.6 (14.4)
Female 78 (35%)
Weight (kg) 78.8(26.9)
Weight-Based Dose (units/kg) 0.12(0.05)
Preinsulin Glucose (mg/dL) 170 (140)
Serum Creatinine (mg/dL) 4.22 (3.64)
Type 2 Diabetes 77 (34%)
Concomitant Albuterol 72 (32%)
Concomitant Corticosteroid 14 (6%)
Location

Intensive Care Unit 87 (39%)

Medical/Surgical Unit 82 (36%)

Emergency Department 56 (25%)
Primary Service

Surgery 62 (28%)

Medicine Services® 61(27%)

Transplant 46 (20%)

Emergency Department 56 (25%)

Values Expressed as Mean (Standard Deviation) or Number (%)

*Data presented for patients for whom compliance with orderset glucose monitoring was achieved

5General and Subspecialty Medicine Services
P value from chi-squared test for location and primary service

kg, preinsulin blood glucose less than 140 mg/dL, and serum
creatinine greater than 2.5 mg/d| were associated with an in-
creased risk of hypoglycemia. A known diagnosis of Type 2 dia-
betes, concomitant albuterol within one hour of insulin admin-
istration, and corticosteroid administration within two hours of
insulin administration were associated with a decreased risk of
hypoglycemia.

The rates of hypoglycemia (<70 mg/dl) and severe hypogly-
cemia (<40 mg/dl) are shown in Table 3. During the Orderset
1.1 period, for patients with all criteria met, 48 of 225 (21%) had
hypoglycemia, and 11 of 225 (5%) had severe hypoglycemia. In
the first three hours after insulin administration, 92% (44/48) of
these hypoglycemic events occurred, with the remaining hy-
poglycemic events (8%, 4/48) occurring in the last three hours.

During the Orderset 1.2 period, for patients with all criteria
met, 14 of 145 (10%) had hypoglycemia, and three of 145 (2%)
had severe hypoglycemia. Ten of 14 (72%) of these hypoglyce-
mic events occurred in the first three hours, with the remain-
ing four hypoglycemic events (28%) occurring in the last three
hours.

An intention-to-treat analysis for hyperglycemia, defined as
glucose >180 mg/dl, revealed that during the Orderset 1.1 pe-
riod, 80 of 352 (23%) had hyperglycemia before insulin admin-
istration, and 38 of 352 (11%) had hyperglycemia after insulin
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Orderset 1.2

n=145 PValue
56.9 (17.0) 372
60 (41%) .245
75.7 (25.4) .349
0.09(0.02) <.0001
173 (114) .806
4.39(3.79) 714
54 (37%) 614
39(27%) 298
9(6%) .995
.083¢
41(28%)
56 (39%)
48 (33%)
A1
26 (18%)
37(26%)
34 (23%)
48 (33%)

administration. During the Orderset 1.2 period, 52 of 239 (22%)
had hyperglycemia before insulin administration, and 15 of 239
(6%) had hyperglycemia after insulin administration. Results
can be found in Table 3.

Pre- and posttreatment potassium levels are shown in Ta-
ble 3. An intention-to-treat analysis for potassium reduction
postinsulin administration revealed that during the Orderset
1.1 period, there was an absolute reduction of 0.73 mmol/L,
while during the Orderset 1.2 period, there was an absolute
reduction of 0.95 mmol/L.

DISCUSSION
Treatment of hyperkalemia with insulin may result in significant
iatrogenic hypoglycemia. Prior studies have likely underes-
timated the incidence of hyperkalemia treatment-associat-
ed hypoglycemia as glucose levels are rarely checked within
three hours of insulin administration.® In our study, which was
designed to ensure appropriate blood glucose measurement,
21% of insulin treatments for hyperkalemia resulted in hypogly-
cemia, with 92% of hypoglycemic events occurring within the
first three hours.

For the Orderset 1.1 period, patient risk factors identified for
iatrogenic hypoglycemia postinsulin administration were female
sex, doses of regular insulin greater than 0.14 units/kg, prein-
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TABLE 2. Predictors of Hypoglycemia following Implementation of Orderset 1.1

Treatments without Treatments with
Hypoglycemia Hypoglycemia
Orderset 1.1 (n=177) (n=48) PValue
Female® 67 (38%) 11(23%) .070
>0.14 Units/kg Insulin® 48 (27%) 24 (50%) .005
Preinsulin Blood Glucose <140 mg/dL® 79 (45%) 41 (85%) <.0001
Serum Creatinine > 2.5 mg/dL? 87 (49%) 32(67%) .040
Diagnosed with Type 2 Diabetes® 67 (87%) 10 (13%) .039
Concomitant Albuterol® 49 (28%) 23 (48%) .008
Concomitant Corticosteroid® 11 (6%) 3 (6%) 993
Risk Factors®; Protective Factors®
TABLE 3. Rates of Hypoglycemia, Hyperglycemia, and Potassium Levels with Ordersets 1.1 and 1.2
Orderset 1.1 Orderset 1.2 PValue

Hypoglycemia
All Criteria Met (n) 225 145

Glucose <70 mg/dl° 48 (21%) 14 (10%) <.008

Glucose <40 mg/dP 11 (5%) 3(2%) .207
Intention to Treat (n) 352 239

Glucose <70 mg/dI* 56 (16%) 19 (8%) <.006

Glucose <40 mg/dP 14 (4)% 5(2%) .149
Hyperglycemia (glucose > 180 mg/dl)
Intention to Treat

Pretreatment? 81(23%) 53 (22%) .781

Posttreatment? 39(11%) 14 (6%) .059
Potassium Levels (mEq/L)
Intention to Treat

Pretreatment potassium® 6.12(0.71) 6.23(0.83) .092

Posttreatment Potassium® 5.39 (0.94) 5.27 (0.85) 125

Potassium Reduction Posttreatment® 0.73(0.85) 0.95 (0.80) .002

*Values Expressed as n (%)

“Values Expressed as Mean (Standard Deviation)

sulin blood glucose less than 140 mg/dL, and serum creatinine
greater than 2.5 mg/dL. These results are consistent with studies
suggesting that preinsulin blood glucose levels less than 140
mg/dL and the standard 10 units of insulin for hyperkalemia
treatment may increase the risk of hypoglycemia.*”?

To decrease the risk of iatrogenic hypoglycemia, we rede-
signed our hyperkalemia insulin orderset to address the stron-
gest predictors of hypoglycemia (doses of regular insulin great-
er than 0.14 units/kg and preinsulin blood glucose less than 140
mg/dL). The main changes were weight-based insulin dosing
(based on previously published data)® and adjustment of glu-
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cose administration based on the patient’s glucose levels."
Following these changes, the rates of both hypoglycemia and
severe hypoglycemia were statistically significantly reduced.
In addition, of the 14 hypoglycemia events identified after the
introduction of Orderset 1.2, five could have been prevented
(36%) had the protocol been strictly followed. These five hy-
poglycemia events occurred later than one-hour postinsulin
administration in patients with blood sugars < 150 mg/dL prior
to insulin administration. In each of these cases, Orderset 1.2
called for an additional dextrose 50% (50 mL) IV bolus, which
likely would have prevented the subsequently recorded hypo-
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glycemia. In other words, our orderset indicated that these pa-
tients received an additional bolus of dextrose. However, they
did not receive their glucose at the appropriate time, contrib-
uting to the hypoglycemia events. The orderset did not include
a best practice alert (BPA) to remind providers about the extra
dextrose bolus. In the future, we plan to add this BPA.

The hypoglycemia rate identified by Orderset 1.1 was 21%
and the hypoglycemia rate identified by the Orderset 1.2 was
10%. The severe hypoglycemia rate identified by Orderset 1.1
was 5% and the severe hypoglycemia rate identified by Order-
set 1.2 was 2%. The hypoglycemia and severe hypoglycemia
rates significantly decreased after the introduction of Orderset
1.2. To mimic a real-world clinical setting, where monitoring of
blood glucose is not always achieved multiple times within a
six-hour timeframe of postinsulin treatment for hyperkalemia,
we conducted an intention-to-treat analysis. Even when includ-
ing patients for whom full blood glucose monitoring was not
achieved, the introduction of Orderset 1.2 was associated with
a significant decrease in the hypoglycemia rate.

To demonstrate whether weight-based dosing of insulin was
as effective as a standard dose for hyperkalemia treatment,
we compared the impact of Orderset 1.1, which only had the
option for single standard doses of insulin, with the impact of
Orderset 1.2, which included weight-based dosing options.
With the introduction of Orderset 1.2, there was a significant
decrease in serum potassium, indicating that weight-based
dosing options may not only prevent hypoglycemia but may
potentially provide more effective hyperkalemia treatment.

We also compared the rate of hyperglycemia (a glucose
>180 mg/dl) pre- and posttreatment (Table 3). Although not
statistically significant, the rate of hyperglycemia decreased
from 11% to 6%, suggesting a trend toward decreased hyper-
glycemia with orderset usage.

As orderset usage for hyperkalemia management only oc-
curred approximately 75% of the time, likely, forcing the use
of these ordersets would further reduce the incidence of treat-
ment-associated hypoglycemia. To encourage the use of ord-
ersets for hyperkalemia management, our medical center has
largely restricted insulin ordering so that it can only be done
through ordersets with the proper precautions in place, re-
gardless of the indication. Furthermore, adherence to all the
blood glucose monitoring orders embedded in the ordersets
remained suboptimal irrespective of managing the service or
clinical setting. While we believe that 100% of postglucose
monitoring should be possible with appropriate education
and institutional support, in some clinical environments, check-
ing glucose levels at least twice in a six-hour window (postinsu-
lin treatment) might be prohibitive. Since 92% of hypoglycemic
events occurred within the first three hours postinsulin ad-
ministration, checking glucose prior to insulin administration
and within the first four hours following insulin administration
should be prioritized.

Finally, development and implementation of these hyperka-
lemia treatment ordersets required an experienced multidisci-
plinary team, including pharmacists, nurses, hospitalists, endo-
crinologists, and EHR system programmers.'?' We, therefore,
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encourage interprofessional collaboration for any institutions
seeking to establish innovative clinical protocols.

This analysis was limited to the insulin administration meet-
ing our inclusion criteria. Thus, we could not identify a true hy-
poglycemia rate for treatments that were not followed by ade-
quate blood glucose monitoring postinsulin administration, or
for insulin administration ordered outside of the hyperkalemia
ordersets.

CONCLUSION

The use of a comprehensive EHR orderset for the treatment of
hyperkalemia with predefined times for blood glucose mon-
itoring, weight-based insulin dosing, and prompts to warn
providers of an individual patient’s risk for hypoglycemia may
significantly reduce the incidence of iatrogenic hypoglycemia.

Disclosures: Dr. Prasad serves as a paid consulting epidemiologist for EpiEx-
cellence,LLC, outside the submitted work. All other authors have nothing to
disclose.
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