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Abstract

Objectives: In patients with hyperkalaemia, dextrose is
administered alongside insulin treatment to prevent
hypoglycaemia. However, the incidence of hypo-
glycaemia in the first 6 hours following this regimen re-
mains high, and frequent blood glucose monitoring is
essential. This study evaluates the frequency of blood
glucose monitoring following this insulin regimen.

Methods: This retrospective, multicentre study evaluated
adult patients (>18 years) who had been hospitalised for
hyperkalaemia (K > 5 mEq/mL) and managed using
intravenous insulin and dextrose. We excluded patients if
dextrose was not administered within 60 minutes of in-
sulin therapy. The primary outcome was the frequency of
serum blood glucose monitoring within 6 hours of the
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regimen. Secondary outcomes were the time between in-
sulin treatment and follow-up measurements, and the
incidence of hypoglycaemia (blood glucose <70 mg/dL).

Results: In total, 521 hyperkalaemia episodes were
available for analysis; 192 (36.9%) had at least one re-
ported follow-up measurement, 30 had at least two
follow-up measurements (5.8%), and six had at least
three follow-up measurements (1.2%). The median times
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of obtaining the first, second, and third blood glucose
measurements were 3 h (interquartile range [IQR]: 1.7
—4 h), 3.9 h (IQR: 3.2—5.1 h), and 4 h (IQR: 3.2—5.1 h),
respectively. The incidence of hypoglycaemia among the
episodes with follow-up was 4.8%.

Conclusions: The frequency of serum blood glucose
monitoring following insulin therapy was low and
inconsistent. This study emphasised the importance of
adopting protocols incorporating more frequent blood
glucose monitoring.

Hyperkalaemia;
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Introduction

Hyperkalaemia is a life-threatening electrolyte abnor-
mality commonly encountered in the emergency department
(ED).! It requires immediate management to minimise the
risk of mortality, which is approximately 10% of the
admitted patients.2 Different strategies can be used to
manage hyperkalaemia. Shifting potassium inside cells by
administering insulin is one of the most common
approaches taken by ED clinicians. The American Heart
Association recommends administering 10 units of
intravenous (IV) insulin, as well as 25 g of IV dextrose to
minimise the risk of hypoglycaemia.3

Recent studies have evaluated the incidence of hypo-
glycaemia after insulin plus dextrose treatment of hyper-
kalaemia because hypoglycaemia may be linked to patient-
oriented outcomes, including higher mortality and increased
length of hospital stay.4 The incidence of hypoglycaemia
ranges from 6.4% to 28.9% and can develop up to 6 hours
after insulin plus dextrose administration.’ © Different
strategies have been evaluated to minimise the risk of
hypoglycaemia and thus prevent patient harm. However,
the results are controversial, and hypoglycaemia remains a
concern. Pierce et al. investigated whether reducing the
insulin dose from 10 to 5 units decreased the risk of
hypoglycaemia. They found no significant differences
between the two dosing regimens. Similarly, Farina et al.
reported that administering 50 g of dextrose instead of 25 g
did not decrease the incidence of hypoglycaemia.(’*()

As hypoglycaemia shows a high incidence after insulin
plus dextrose treatment and there is no effective strategy to
minimise the risk, clinicians must monitor blood glucose for
up to 6 hours from the time of insulin administration. To our
knowledge, no studies have evaluated the frequency of blood
glucose monitoring following insulin administration. Thus,
the aim of this study was to evaluate the frequency of blood
glucose monitoring in patients receiving insulin plus dextrose
to treat hyperkalaemia. We hypothesised that the frequency
of blood glucose monitoring is low.

Materials and Methods
Study design and setting

A multicentre retrospective chart review study was con-
ducted in two hospitals in KSA. Both were large tertiary
hospitals in the western region with capacities of 1067 and
420 beds, respectively. There was no protocol in place for the
management of hyperkalaemia in either hospital. Ethical
approval was obtained from the two hospitals’ research
ethics committees.

Patient selection

The electronic databases at both hospitals, as well as the
patient medical records, were used to screen for inclusion
criteria. Adult patients (aged >18 years) admitted between
January 2018 and December 2019 were included if they had
received a regimen of IV insulin plus IV dextrose to manage
hyperkalaemia (potassium level >5 mEq/mL). Patients who
did not receive IV dextrose within 60 minutes of IV insulin
were excluded.

Data collection

After proper data collection training, the data of eligible
patients were extracted using a standardised data collection
tool. The obtained data were then de-identified and saved
into a password-protected file. To identify eligible patients,
potassium levels >5 mEq/mL were used to generate reports
from the electronic database between January 2018 and
December 2019. Moreover, the patients’ medical records
were reviewed to confirm that the regimen was ordered to
manage hyperkalaemia. The collected data included age, sex,
weight, height, body mass index (BMI), episode location,
presence of diabetes or renal failure, need for dialysis, base-
line potassium level, baseline blood glucose level, type and
dose of insulin, time between insulin and dextrose, dextrose
dose, and any follow-up blood glucose measurements ob-
tained via finger stick blood sugar test or basic metabolic
panel.

Outcomes

The primary outcome was the frequency of blood glucose
measurement within 6 hours of insulin therapy. The sec-
ondary outcomes were the time between insulin and follow-
up blood glucose measurements, the frequency of blood
glucose measurement in each location, and the incidence of
hypoglycaemia (blood glucose <70 mg/dL).

Statistical analysis

Standard descriptive statistics using mean and standard
deviation were used to analyse normally distributed contin-
uous data, while median and interquartile range (IQR)
were used to analyse non-normally distributed continuous
data. Frequency counts and percentages were used in cases
of categorical variables. All statistical evaluations were
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performed using SPSS version 24 (IBM Corp., Armonk, NY,
USA).

Results

The medical records of 819 patients with hyperkalaemia
were screened for eligibility. Of these, 331 patients developed
521 episodes of hyperkalaemia that met the inclusion criteria.
None of the remaining patients met the inclusion criteria
because the insulin plus dextrose regimen was not adminis-
tered to manage elevated potassium levels. Dextrose was
administered concomitantly with insulin in all episodes of
hyperkalaemia. Accordingly, none of the 521 episodes was
excluded from the final analysis.

Approximately half the patients were male (52%), and the
mean age was 62 years (+16.2 years). The mean weight and
BMI were 73.4 kg (+18.6 kg) and 28 kg/m? (+7.1 kg/m?),
respectively. The baseline characteristics of the 521 episodes
are summarised in Table 1. Among the 331 patients, the
percentage of diabetes (81%), renal insufficiency (82%),
and dialysis (25%) was recorded. The median baseline
potassium level was 5.7 mEq/L (IQR: 5.4—6.1 mEq/L),
and the median baseline blood glucose level was 152 (IQR:
111.6—227.7) mg/dL. Most (91%) follow-up blood glucose
level measurements were obtained using a finger stick blood
sugar test. Regular insulin (99%) was the most common type
used. The predominantly administered dose of insulin was 10
units (90%), and 25 g of dextrose was administered in all
cases except one, in which 50 g was given. The number of
hyperkalaemia episodes managed in the ED, intensive care
unit (ICU), and general floor were 217 (42%), 43 (8%), and
261 (50%), respectively.

Main results

In 329 episodes (63.1%), no follow-up blood glucose
measurement was carried out, while one, two, and three
follow-up blood glucose measurements were performed in
192 (36.9%), 30 (5.8%), and six (1.2%) episodes, respec-
tively. The median times to the first, second, and third

Table 1: Baseline characteristics.

Baseline characteristics ("N = 521)

Age, years (mean, SD) 62 £+ 16.2
Female sex, n (%) 250 (48%)
Weight, kg (mean, SD) 73.4 + 18.6
BMI, kg/m? (mean, SD) 28 + 7.1
Diabetes, n (%) 421 (80.8)
Renal insufficiency, n (%) 427 (82)
Dialysis, n (%) 128 (24.6)
Baseline potassium level, 5.7 (5.4—6.1)

mEq/L (median, IQR)
Baseline blood glucose level,
mg/dL (median, IQR)

152 (111.6—227.7)

Regular insulin, n (%) 518 (99.4)
10 units of Insulin, n (%) 471 (90.4)
25 g of dextrose, n (%) 520 (99.8)

BMI, Body mass index; IQR, Interquartile range; SD, Standard
deviation.
“Refers to the number of episodes of hyperkalaemia.

follow-up blood glucose measurements were 3 h (IQR: 1.7—4
h), 3.9 h (IQR: 3.2-5.1 h), and 4 h (IQR: 3.2-5.1 h),
respectively (Table 2). The frequencies of follow-up blood
glucose monitoring in each location were as follows: 57 ep-
isodes in the ED had at least one follow-up blood glucose
measurement (26.3%), while 10 episodes had more than one
(4.6%). In the ICU, 19 episodes had least one follow-up
measurement (44.2%) and two had frequent follow-up
measurements (4.6%). The general floor had the highest
percentage of follow-up blood glucose measurements, with
116 episodes having at least one follow-up measurement
(44.4%) and 24 having more than one (9.2%) (Table 3). The
incidence of hypoglycaemia among all episodes with blood
glucose measurement after the regimen was 4.8%.

Discussion

The main finding of the current study was the low fre-
quency of blood glucose monitoring following insulin plus
dextrose treatment. While many studies have concluded
that frequent blood glucose monitoring is important, our
study found that almost two-thirds (63%) of cases in
which insulin plus dextrose was administered, no follow-up
glucose measurement was performed within 6 hours.
Furthermore, the percentage of patients with frequent
blood glucose measurements was much lower (5.8%). These
results show that the current practices for managing
patients with hyperkalaemia using insulin plus dextrose
must be improved.

Hypoglycaemia following insulin therapy for hyper-
kalaemia has been an interesting area for research in recent
years because it can lead to poor patient outcomes. Brodo-
vicz et al. assessed the impact of hypoglycaemia on mortality
and length of stay among hospitalised patients who received
insulin. They reported that patients who developed

Table 2: Study outcomes.

Episodes with at least one follow-up blood glucose reading:

Frequency, n (%) 192 (36.9)
Source, FSBS, n (%) 173 (90.1)
Time between insulin administration and first 180 (100
reading in minutes, median (IQR) —240)
Hypoglycaemia, n (%) 9 4.7)

Episodes with at least two follow-up blood glucose readings:

Frequency, n (%) 30 (5.8)
Source, FSBS, n (%) 29 (96.7)
Time between insulin administration and second 235 (190
reading in minutes, median (IQR) —308)
Hypoglycaemia, n (%) 2(5.9)

Episodes with at least three follow-up blood glucose readings:

Frequency, n (%) 6 (1.2%)
Source, FSBS, n (%) 5(83.3)
Time between insulin administration and third 239 (194
reading in minutes, median, IQR —308)
Hypoglycaemia, n (%) 0 (0)
Total:
Frequency, n 228
Source, FSBS, n (%) 207
(90.8%)
Hypoglycaemia, n (%) 11 (4.8)

FSBS, Finger-stick blood sugar test; IQR, Inter quartile range.
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Table 3: Frequency of blood glucose monitoring at each location.

Episode location Episodes without

Episodes with at least one

Episodes with at least two  Episodes with at least three

follow-ups follow-up follow-ups follow-ups
Emergency department 160 (73.7%) 57 (26.3%) 9 (4.1%) 1 (0.5%)
(n =217)
Critical care (n = 43) 24 (55.8%) 19 (44.2%) 1(2.3%) 1(2.3%)
General floor (n = 261) 145 (55.6%) 116 (44.4%) 20 (7.7%) 4 (1.5%)

hypoglycaemia had a significantly higher inpatient mortality
rate (6.5% vs. 3.8, p < 0.0001) and longer length of stay
(median: 8.2 vs 5.2 days, p < 0.0001) than patients who did
not develop hypoglycaemia.4 Two other factors complicate
the issue: the high incidence of hypoglycaemia and the
timeframe in which patients may develop it. The incidence
of hypoglycaemia has ranged from 6.4% to 28.9% in
previous studies.”® The median time for hypoglycaemia
development is approximately 2—3 hours; however, Pierce
et al. found that patients can develop hypoglycaemia up to
7.5 hours after insulin therapy.7 Accordingly, many studies
have explored strategies that could minimise the risk of
hypoglycaemia, such as reducing insulin dose, increasing
dextrose dose, identifying hypoglycaemia predictors, and
anticipating the extent of blood glucose reduction.

Few studies have evaluated whether reducing the insulin
dose minimises the rate of hypoglycaemia.” Brown et al.
found that weight-based insulin dosing (0.1 unit/kg) did
not significantly reduce the hypoglycaemia rate compared
to conventional dosing (p = 0.05).” Wheeler et al. reported
similar rates of hypoglycaemia between the weight-based
regimen and 10 units of IV insulin (p = 0.05).9 Other
researchers adjusted the dextrose dosing to mitigate the
risk of hypoglycaemia. Farina et al. evaluated the effect
of higher dextrose dose (50 g) and found that the results
were similar to those with the usual 25 g of dextrose
p = 0.11).8 In an alternative method, Cocoa et al.
reported a low rate of hypoglycaemia (6.1%) in patients
who received a standardised protocol consisting of 10
units of insulin plus 50 g of dextrose continuously infused
over 4 hours. However, it is difficult to draw a
conclusion since this study had no comparator group.lO

Predictors of hypoglycaemia have also been studied;
however, the evidence is conflicting. The reported predictors
of hypoglycaemia include: no prior history of diabetes
mellitus or antidiabetic medications,'' lower body weight,12
higher serum creatinine,’” and female sex.” The only
predictor to be reported in most studies was low baseline
blood glucose level.>? 1113715 attempts to identify
patients at high risk of hypoglycaemia, two studies have
evaluated the extent of blood glucose reduction following
insulin plus dextrose therapy. Both studies revealed that
the extent of blood glucose reduction is unpredictable.s’15

Previous studies have shown that there is no effective
strategy to mitigate the risk of hypoglycaemia when using
insulin plus dextrose therapy to manage hyperkalaemia, and
that frequent blood glucose monitoring is required to avoid
hypoglycaemia. The Institute for Safe Medication Practices
recommends monitoring blood glucose levels for up to 6
hours after insulin therapy.'® The current study revealed
that the frequency of blood glucose monitoring is low and

inconsistent, even in tightly controlled environments such
as the ICU. In fact, the median times to obtain the second
and third blood glucose measurements were similar (3.9
and 4 h, respectively). The time course of blood glucose
measurement following insulin plus dextrose regimen has
been described in previous studies.>'” The regimen results
in a transient increase in blood glucose level after the first
dextrose administration, followed by a subsequent
reduction. Considering the baseline blood glucose level, it
seems that blood glucose measurement within the first
hour is unnecessary; however, consideration should be
given to hourly monitoring for at least 5 additional hours
thereafter.

We hypothesised that the frequency of second and third
blood glucose measurements would be higher in the ICU and
general floor than in the ED as the median length of stay in
the ED ranges between 2.4 and 4.5 hours. However, our
results showed that the frequency of the second and third
blood glucose measurements was comparatively low, irre-
spective of location. To our knowledge, the incidence of
hypoglycaemia in the current study was lower than in all
previous studies, perhaps because previous studies have
included patients with at least one follow-up blood glucose
measurement, while our study included patients who
received the regimen but did not necessarily have their blood
glucose measured. In fact, 63% of the episodes had no
follow-up blood glucose readings. Accordingly, the true
incidence of hypoglycaemia may have been underestimated
in our study.

The study had several other limitations. Firstly, it
employed a retrospective design; therefore, the accuracy of
the collected data was limited to that of the medical
records. Secondly, some confounders that could have
affected the incidence of hypoglycaemia were not
controlled, namely concomitant medications, insulin dose,
and dextrose-containing infusions. Thirdly, the reported
incidence of hypoglycaemia may have been underestimated
because of infrequent blood glucose monitoring. Finally,
the data were collected from large academic medical centres
in KSA, and the results may not reflect practice in other
environments.

Conclusions

The current study revealed that blood glucose monitoring
was infrequent following IV insulin plus dextrose for
hyperkalaemia, irrespective of treatment location. Future
studies evaluating the reasons for inadequate monitoring of
blood glucose levels are needed. The results emphasised that
clinicians must adopt frequent and regular blood glucose
monitoring to avoid patient harm.
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Recommendations

When managing hyperkalaemia with insulin plus
dextrose, clinicians should adopt protocols that incorporate
frequent blood glucose monitoring at regular intervals to
avoid patient harm.
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