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Abstract
Background. Hypoglycemia is common in patients with end-stage renal disease (ESRD). We ident-
ified the incidence and timing of hypoglycemia and its risk factors in hospitalized patients with
ESRD after the treatment of hyperkalemia with insulin.
Methods.We conducted a retrospective study of all hospitalized adult patients treated with hemo-
dialysis who received intravenous insulin to treat hyperkalemia between 1 January 2011 and 31
December 2011. We identified patients who became hypoglycemic [blood glucose <3.3 mmol/L
(60 mg/dL)] after insulin administration.
Results. Two hundred and twenty-one episodes of hyperkalemia were treated with insulin, result-
ing in 29 episodes of hypoglycemia (13%). Factors associated with a higher risk of hypoglycemia in-
cluded no prior diagnosis of diabetes [odds ratio (OR) 2.3, 95% confidence interval (CI) 1.0–5.1,
P = 0.05], no use of diabetes medication prior to admission [OR 3.6, 95% CI 1.2–10.7, P = 0.02] and
a lower pretreatment glucose level [mean 5.8 ± 0.7 mmol/L (104 ± 12 mg/dL) versus 9.0 ± 0.6
mmol/L (162 ± 11 mg/dL), P = 0.04]. Hypoglycemia occurred at a median of 2 h after insulin admin-
istration and persisted for a median of 2 h.
Conclusions. The treatment of hyperkalemia with insulin in hospitalized patients with ESRD may be
complicated by hypoglycemia. Patients with a history of diabetes are less susceptible to this com-
plication. Our study supports the use of a protocol to provide dextrose support and blood glucose
monitoring for at least 3 h after insulin treatment of hyperkalemia.
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Introduction

Hyperkalemia is a common and potentially life-threaten-
ing complication in patients with end-stage renal disease
(ESRD) due to decreased renal excretion of potassium.
Elevated extracellular potassium can cause cardiac con-
duction abnormalities including ventricular fibrillation and
asystole [1]. The urgent treatment of hyperkalemia is used
when patients have electrocardiogramabnormalities asso-
ciated with hyperkalemia or a serum potassium ≥6 mmol/L
(mEq/L) [2]. Treatment includes stabilizing the cardiac
membrane with intravenous (IV) calcium, shifting potass-
ium into cells with IV insulin and albuterol and promoting
potassium excretion with sodium polystyrene sulfonate or
hemodialysis. For insulin, the commonly used regimen as
supported by the American Heart Association guidelines
and the Washington Manual of Critical Care is 10 units of
regular insulin given intravenously with 25 g dextrose [2,
3]. Despite dextrose with insulin, hypoglycemia is a recog-
nized complication of this treatment. In one study of the
use of 10 units regular insulin with 25 g dextrose for the
treatment of hyperkalemia in patients with ESRD, 9 of 12
(75%) of the patients had a blood glucose <3.1 mmol/L

(55 mg/dL) 1 h after treatment [4]. Patients with ESRD are
already at an increased risk of hypoglycemia due to
reduced renal clearance of insulin and decreased renal
and hepatic glucose production [5, 6]. We conducted a ret-
rospective study to identify the incidence of hypoglycemia
in the treatment of hyperkalemia with IV insulin in pat-
ients with ESRD. We evaluated when hypoglycemia oc-
curred, the length of time it persisted, and how much
dextrose was given in order to design a protocol for
glucose monitoring and dextrose administration to de-
crease this complication.

Materials and methods

We retrospectively collected data for all adult patients at
Rush University Medical Center who were treated with he-
modialysis and received IV regular insulin to treat hyper-
kalemia during a hospitalization between 1 January 2011
and 31 December 2011. None of the patients had perito-
neal dialysis. This study was approved by Rush University’s
Institutional Review Board. Data were collected from the
hospital’s electronic medical record system, including age,
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sex, race, weight, body mass index (BMI), diagnosis of dia-
betes, home medications, hospital medications and blood
glucose levels.

Episodes were excluded if there was no blood glucose
≥3.9 mmol/L (70 mg/dL) within 10 h before insulin or no
blood glucose within 6 h after insulin administration. Hypo-
glycemia was defined as a blood glucose level <3.3 mmol/L
(60 mg/dL). Measurements of glucose from serum, plasma
and point-of-care whole blood samples were included.
Whole blood capillary glucose levels <1.1 mmol/L (20 mg/
dL) were analyzed as 1.1 mmol/L (20 mg/dL). All oral and
IV doses of 25 g of dextrose were recorded if administered
with insulin and in the 6 h after insulin for each episode.

Standard descriptive analyses are provided using mean
and standard error for continuous variables or frequency
counts or percentages for categorical variables. To analyze
factors associated with hypoglycemia, the independent
sample t-test was used for continuous variables and χ2 for
categorical variables. The analysis was performed using
SPSS version 19 (Chicago, IL, USA).

Results

We identified 245 episodes where IV regular insulin was
administered to treat hyperkalemia. One episode was ex-
cluded because there was no documentation of blood
glucose within 10 h prior to insulin administration, and 23
episodes were excluded because therewas no documenta-
tion of blood glucose within 6 h after insulin administration.
Two hundred and twenty-one episodes were included in
the final analysis. These episodes occurred in a total of
133 patients. Sixty-seven of the 133 patients (50%) had
diabetes. Patient characteristics for the 221 episodes are
summarized in Table 1. The numbers of patients (in par-
entheses) with multiple treatment episodes analyzed are
as follows: two episodes (27), three episodes (19), four epi-
sodes (3), five episodes (2) and seven episodes (1). The ad-
ministered dose of IV insulin ranged from 4 to 10 units,
with 90% of episodes receiving 10 units.

Twenty-nine of the 221 (13%) episodes resulted in hy-
poglycemia. Blood glucose was between 2.8 and 3.3
mmol/L (51–60 mg/dL) in 16 episodes and ≤2.8 mmol/L
(50 mg/dL) in 13 episodes. Subcutaneous insulin or a con-
tinuous IV insulin infusion was administered within 24 h
of the index dose of IV insulin in 68 episodes; however,
there was only one episode of hypoglycemia in this group.
No patients received a sulfonylurea.

Seventy-five percent of hypoglycemic episodes occurred
within 3 h after insulin administration. Hypoglycemia

occurred at a median of 2 h [interquartile range (IQR) 1–3
h] and persisted for a median of 2 h (IQR 2–3 h). Age, sex
or race was not significantly different between the groups
with and without hypoglycemia. Patients who experi-
enced hypoglycemia tended to have a lower BMI.
Compared with those with an established diagnosis of

diabetes, patients without a prior diagnosis of diabetes
had an increased risk of experiencing hypoglycemia [odds
ratio (OR) 2.3, 95% confidence interval (CI) 1.0–5.1, P =
0.05]. Similarly, the risk for hypoglycemia was significan-
tly higher in those patients not receiving anti-diabetes
medications prior to admission [OR 3.6, 95% CI 1.2–10.7,
P = 0.02], compared with those who were taking them.
The mean pretreatment blood glucose level was signifi-
cantly lower in the nondiabetic patients 6.2 ± 1.9 mmol/L
(111 ± 34 mg/dL) as compared with the diabetic patients
[10.8 ± 10.3 mmol/L (194 ± 185 mg/dL), P < 0.001]. Themean
pretreatment blood glucose level was significantly lower in
the hypoglycemic group 5.8 ± 3.5 mmol/L (104 ± 63 mg/dL)
as compared with the nonhypoglycemic group [9.0 ± 8.2
mmol/L (162 ± 148 mg/dL), P = 0.04]. Mean nadir blood
glucose level after insulin was 2.6 ± 0.5 mmol/L (46 ± 9
mg/dL) in episodes with hypoglycemia versus [8.9 ± 5.7
mmol/L (160 ± 102 mg/dL), P = 0.01) in episodes without
hypoglycemia.
In 94% of the episodes, dextrose was given with insulin.

All patients with hypoglycemic episodes received 25 g of
dextrose with insulin, while 7% of patients without hypo-
glycemia received insulin without concomitant dextrose.
Three episodes of hypoglycemia occurred despite receiv-
ing dextrose with insulin and a second dose of dextrose 1
h later. Hypoglycemia occurred at 3, 4 and 6 h after insulin
in these three episodes. Four patients had multiple epi-
sodes of hypoglycemia (three patients with two episodes
and one patient with four episodes). All four of these
patients were nondiabetic.

Discussion

Hypoglycemia is common in patients with ESRD and can
occur by one or several mechanisms. First, renal insuffi-
ciency reduces insulin clearance and results in prolonged
insulin action and hypoglycemia. Second, hepatic glucose
production is reduced. In the nonfasting state, the liver is
the site of all endogenous glucose production through gly-
cogenolysis (75%) and gluconeogenesis (25%) [7]. Reduced
caloric intake associated with uremia decreases glycogen
stores and thus decreases glycogenolysis, and acidosis
and uremia decrease gluconeogenesis [8]. Third, renal

Table 1. Comparison of patient characteristics and treatments between those with and without hypoglycemic episodes following insulin treatment for
hyperkalemia

Hypoglycemic (n = 29) Nonhypoglycemic (n = 192) P-value

Age (years) 51 ± 14 56 ± 14 0.07
Male (%) 63 62 0.47
African American (%) 62 49 0.19
BMI (kg/m2) 25.9 ± 5.5 28.6 ± 7.4 0.06
History of diabetes (%) 34 54 0.05
Taking diabetes medication prior to admission (%) 14 70 0.02
Pretreatment glucose level mmol/L (mg/dL) 5.8 ± 3.5 (104 ± 63) 9.0 ± 8.2 (162 ± 148) 0.04
Nadir glucose level mmol/L (mg/dL) 2.6 ± 0.5 (46 ± 9) 8.9 ± 5.7 (160 ± 102) 0.01
Received dextrose with insulin (%) 100 93 0.17
Doses (25 g IVor oral) of dextrose given before hypoglycemia 1.2 ± 0.4 1.2 ± 0.5 0.20

Data are presented as mean ± SD unless otherwise noted.
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gluconeogenesis is reduced. In the fasting state, the
kidney contributes 10–25% of glucose production [9]. This
protective process is lost in ESRD and predisposes these
patients to fasting hypoglycemia [10]. Fourth, uremia can
blunt the release of counter-regulatory hormones such as
glucagon and catacholamines further limiting the body’s
defense against hypoglycemia [11].

Schafers et al. [12] examined the incidence of hypoglyce-
mia after treatment of hyperkalemia with insulin in hospi-
talized adults. This study found that hypoglycemia [blood
glucose <3.9 mmol/L (70 mg/dL)] occurred in 19 of 219
patients (8.7%) and 58% of the hypoglycemia occurred
with the commonly used regimen of 10 units of IV insulin
with 25 g of dextrose. The results of their study and our
study suggest the need for additional dextrose. Their study
population included 67% of patients with acute renal injury
or ESRD, and the risk of hypoglycemia was higher in this
subset. Our study focused solely on patients with ESRD,
likely explaining the higher frequency of hypoglycemia.

Our study showed a 13% risk of hypoglycemia despite
dextrose with insulin, demonstrating that one dose of dex-
trose is not sufficient in some patients. This suggests the
need for additional dextrose support. The administration of
dextrose alone to stimulate endogenous insulin secretion is
not advised because, if there is inadequate insulin secretion
such as with insulin-dependent diabetes, the resultant hy-
perglycemia could increase plasma osmolarity, promote the
exit of potassium from cells and worsen hyperkalemia [13].

We suggest administering 25 g of dextrose with insulin
and 25 g of dextrose 1 h after insulin based on our result
that hypoglycemia occurred 1–3 h after insulin with dex-
trose. We think this regimen is superior to 50 g of dextrose
with insulin because it may lessen the initial hyperglyce-
mia, and the second dose may be more effective at pre-
venting hypoglycemia in the following 1–3 h. Another
potential solution is to treat with the standard 10 units of
regular insulin and dextrose 25 g followed by an infusion of
10% dextrose at 50 mL/h with close monitoring of blood
glucose for at least 3 h or until dialysis is initiated [13].

Hypoglycemia in our study persisted for 2–3 h after
insulin. This suggests the need for blood glucose monitor-
ing for 3 h after insulin. Since three episodes of hypoglyce-
mia in our study occurred despite dextrose with insulin
and dextrose 1 h after insulin, extending blood glucose
monitoring for 3 h after insulin will hopefully identify the
patients who require additional dextrose.

Our study has limitations. It is a retrospective study that
includes data from a time period when there was no set
protocol to treat hyperkalemia. Therefore, glucose moni-
toring varied according to the treating physicians. It is
possible that the hypoglycemia may have persisted longer
than the median 3 h reported, and that the frequency of
hypoglycemia may be underestimated. In addition, we do
not have the data regarding the timing of hemodialysis.
The dialysate used at our institution contains dextrose
5.6 mmol/L (100 mg/dL), therefore the initiation of hemo-
dialysis soon after insulin administration could have
prevented hypoglycemia. Also, without the timing of he-
modialysis, we could not comment on the change in
serum potassium with this treatment.

We used our data to design the Rush University protocol
for blood glucose monitoring and dextrose support with
IV insulin to treat hyperkalemia (Table 2). The protocol sti-
pulates universal administration of 25 g of dextrose at 0
and 60 min after IV insulin, and hourly monitoring of
blood glucose at 0, 60, 120 and 180 min. All blood glucose

levels <3.9 mmol/L (70 mg/dL) at 120 or 180 min are
treated with additional dextrose. Further study will explore
the efficacy and safety of this protocol.

In conclusion, patients with ESRD are at higher risk for
developing hypoglycemia than patients with normal renal
function. Thus, extra caution is required in the use of IV
insulin to treat hyperkalemia in this population. Our data
suggest a novel enhancement of the standard inpatient
hyperkalemia treatment protocol which could improve
patient safety.
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Table 2. Rush University protocol for glucose monitoring and dextrose
support for the treatment of hyperkalemia with IV insulin

1. Check blood glucose prior to insulin administration. If <3.9 mmol/L
(70 mg/dL), give dextrose 25 g prior to insulin.

2. Give insulin 10 units IV with dextrose 25 g.
3. Recheck blood glucose 1 h after insulin and dextrose administration,

and give dextrose 25 g irrespective of blood glucose level.
4. Recheck blood glucose at 2 and 3 h after insulin administration.

Give dextrose 25 g if blood glucose is <3.9 mmol/L (70 mg/dL).

Hypoglycemia in the treatment of hyperkalemia 3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


