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[ Abstract—Current guidelines for treatment of diabetic
ketoacidosis (DKA) recommend administration of an intra-
venous bolus dose of insulin followed by a continuous infu-
sion. This study was designed to investigate whether the
initial bolus dose is of significant benefit to adult patients
with DKA and if it is associated with increased complica-
tions. This was a non-concurrent, prospective observational
cohort study of adult patients who presented with DKA in
a 12-month period. Charts were divided into two groups
depending on whether they received an initial bolus dose of
insulin. Data on glucose levels, anion gap (AG), intravenous
fluid administration (IVF), and length of stay (LOS) were
collected. Primary outcome was hypoglycemia (need for
administration of 50% dextrose). Of 157 charts, 78 received
a bolus of insulin and were designated the treatment group,
the remaining 79 formed the control group. Groups were
similar at baseline and received equivalent IVF and insulin
drips. There were no statistically significant differences in
the incidence of hypoglycemia (6% vs. 1%, respectively,
p = 0.12), rate of change of glucose (60 vs. 56 mg/dL/h,
respectively, p = 0.54) or AG (1.9 vs. 1.9 mEq/L/h, respec-
tively, p = 0.66), LOS in the Emergency Department (8 vs.
7 h, respectively, p = 0.37) or hospital (5.6 vs. 5.9 days, p =
0.81). Equivalence testing revealed no clinically relevant
differences in IVF change, rate of change of glucose, or AG.
Administration of an initial bolus dose of insulin was not
associated with significant benefit to patients with DKA and
demonstrated equivalent changes in clinically relevant end-
points when compared to patients not administered the
bolus. © 2010 Elsevier Inc.

] Keywords—insulin; diabetic ketoacidosis; hypoglyce-
mia; infusions; intravenous; bolus

INTRODUCTION

Diabetes affects nearly 21 million people in the United
States, about 7% of the population (1). Diabetic ketoac-
idosis (DKA) was listed as the first diagnosis in approx-
imately 115,000 hospital discharges in 2003 (2). Initial
intravenous (IV) bolus dosing of insulin followed by a
continuous infusion (drip) is a common practice in the
Emergency Department (ED) treatment of DKA, as per
national guidelines (3,4). However, pediatric guidelines
for DKA treatment recommend against the bolus, pri-
marily due to concern for hypoglycemia and rapid
changes in serum osmolarity leading to cerebral edema
(5-8). The bolus dose is thought to be useful in over-
coming the relative insulin-resistant state in DKA, and
various hypotheses have been put forward to explain
this (9,10). However, there seem to be no data to
support the use of insulin bolus in adult patients.
Specifically, there is no data on whether the bolus dose
improves outcomes, shortens lengths of stay, or de-
creases utilization of resources. This, coupled with the
fact that the bolus dose has the potential for harm, led
us to design the current investigation.

The hypothesis for this investigation was that adult
patients who are administered an initial bolus dose of
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insulin (in addition to an insulin drip) have a higher
incidence of hypoglycemia and more frequently require
intravenous fluid (IVF) changes while in the ED, but
have similar lengths of stay and similar rates of decrease
of serum glucose and anion gap. Our objective was to
demonstrate that administration of an initial bolus dose of
insulin does not offer any clinically relevant benefit to
adult patients with DKA, has the potential for harm, and is
resource-intensive in the ED.

METHODS
Design

The study was designed as a non-concurrent, prospec-
tive, observational cohort study. We reviewed charts of
all adult (aged 18+ years) patients who presented to an
urban ED (90,000 visits/year) during a 12-month period
extending from July 2003 through June 2004. Only those
charts were included of patients assigned a diagnosis of
DKA, ketoacidosis, or metabolic acidosis upon discharge
from the ED (diagnosis as assigned in an electronic
database of ED visits). Exclusion criteria were as fol-
lows: 1) metabolic acidosis or ketoacidosis from causes
other than DKA (such as alcohol intoxication, starvation,
or sepsis); 2) insulin drip not administered; and 3) suf-
ficient data not available on review of medical record,
(for example, anion gap or serum glucose not checked
within 2 h of departure from ED).

The electronic chart was reviewed by the study inves-
tigators to obtain data on glucose levels (via central
laboratory or point-of-care testing), anion gap determi-
nation, insulin administration, D50 administration and
IVF administration. Chart review was limited to the ED
course and laboratory tests checked within 2 h of depar-
ture from the ED. Baseline data (prior history of diabe-
tes, insulin or oral hypoglycemic agent usage before
arrival, and type of diabetes) were extracted from prior
medical records where available.

Prior approval was obtained from the Institutional
Review Board.

Definitions

Insulin drip was defined as a continuous IV administra-
tion of regular human insulin. Patients who received an
IV or subcutaneous (SC) dose of insulin in addition to
the drip on presentation to the ED were defined as having
received an insulin bolus. Diagnosis of DKA was defined
as an anion gap metabolic acidosis with increased serum
glucose and beta-hydroxybutyrate levels, necessitating
an insulin drip. Hypoglycemia was defined as need for IV

administration of a 50-g/dL solution of dextrose (D50).
IVF change was defined as change in the IVF solution
from normal saline (NS) to 5% dextrose in half-normal
saline (D5.45) or 5% dextrose in water (D5SW).

Treatment

All patients were treated at the discretion of the emer-
gency physician (EP). At our institution, adult patients
diagnosed with DKA are routinely started on an insulin
drip at 0.1 units/kg/h. Administration of an initial bolus
dose of 10 units (0.1-0.15 units/kg) of regular insulin is
per the prerogative of the EP. All patients receive an IV
bolus of NS followed by continuous infusion. Supple-
mental electrolyte administration is also determined by
the EP. Continuous IV glucose administration (in the
form of an IVF change to D5.45 or D5W) is started once
the blood glucose level reaches 200-300 mg/dL. All
patients diagnosed with DKA receive continuous moni-
toring of cardiac rhythm, blood pressure and pulse oxim-
etry, 1-2 hourly point-of-care glucose measurements,
and central laboratory serum electrolyte concentration
determination every 4—6 h. Patients remain in the ED
until they may be safely transported to their assigned
inpatient room. The insulin drip is discontinued once the
anion gap metabolic acidosis has resolved and a long-
acting form of insulin has been administered.

Data Analysis

Charts were divided into two groups based on whether
they were given an initial bolus dose of insulin. Baseline
data are compiled in Table 1. Our primary outcome of
interest was the incidence of hypoglycemia. Other end-
points were: 1) need for IVF change, 2) rate of decrease
in serum glucose and anion gap levels, and 3) length of
stay in the ED and the hospital.

The data were summarized and examined for possible
differences between the bolus and control groups. For
discrete variables, frequencies were examined and tests
of association performed. In most cases, results were
obtained through chi-squared tests. For two of the vari-
ables (hypoglycemia and history of insulin use) data
were sparse in two cells, therefore Fisher’s exact test was
substituted. Basic statistics were tabulated for all of the
continuous variables. In some cases (e.g., hospital
length-of-stay), a variable could have been treated as
continuous or ordinal. It was decided to treat these as
continuous, as the number of possible values was fairly
large and there were no obvious deviations from normal-
ity. t-Tests were run to examine differences between
groups. In most cases, pooled variances were assumed.
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Table 1. Baseline Characteristics

Bolus Group Control Group  p
n=78 n=79 Value

Age (years) 41 +15.9 40 = 15.0 0.63
Male (%) 41 (52.6%) 36 (45.6%) 0.38
History of diabetes? (%) 60 (77.9%) 65 (82.3%) 0.50
Type 2 diabetes (%) 24 (42.9%) 21 (32.8%) 0.26
Prescribed OHA before 8 (13.3%) 9 (13.9%) 0.93

arrival (%)
Prescribed insulin
before arrival (%)
Initial glucose level
(mg/dL)
Initial anion gap (mEg/L) 29.1 = 8.2

55(91.7%)  61(93.9%) 0.74

690 * 291 644 * 281 0.31

20383 0.90

Values are reported as mean = SD.
OHA = oral hypoglycemic agent.

Formal tests for equality of variance were performed and
in two cases (hospital length-of-stay and total IVF), there
was evidence of unequal variance, so the Satterthwaite
method was substituted. All statistical tests were two-
sided and performed at the 0.05 level of significance.

For equivalence testing, clinical thresholds were pre-
defined as a minimum change in magnitude that would
be considered clinically relevant. For example, we pos-
tulated that if the bolus group and control group differed
in their IVF requirement by 500 mL or more, that dif-
ference would be clinically relevant. Similar thresholds
were set for rate of change of glucose (25 mg/dL/h), rate
of change of anion gap (1.0 mEq/L/h), ED length of stay
(2 h), and hospital length of stay (1 day). Testing for
equivalence was performed by computing the 95% con-
fidence interval (CI) around the difference between
means of the two groups, and comparing this to a clini-
cally significant threshold. This approach has been de-
scribed previously (11,12).

All statistical analyses were performed using Statisti-
cal Analysis Software, Version 9.1 (SAS Institute Inc.;
Cary, NC).

RESULTS

There were 321 charts that met the inclusion criteria, and
164 met one or more of the exclusion criteria. The most
common reasons for exclusion were: acidosis not due to
diabetic ketoacidosis (n = 112) and incomplete docu-
mentation (n = 25). A total of 157 charts were analyzed.
Figure 1 illustrates the details of patient flow through the
study.

Seventy-eight patients were determined to have re-
ceived an initial bolus dose of insulin and the remaining
(n = 79) were analyzed in the control group. The two
groups were similar at baseline with respect to age, sex

distribution, initial serum glucose level, initial anion gap,
insulin or oral hypoglycemic agent usage before arrival,
and past medical history and type of diabetes. Table 1
details the baseline characteristics. Data on the type of
diabetes were not available for five charts, and no prior
data were available for one chart. These charts were
excluded from the analysis for relevant baseline vari-
ables only.

More charts in the bolus group developed hypoglyce-
mia (5 patients, 6%) as compared to the control group (1
patient, 1%). This difference was not found to be statis-
tically significant (p-value of the comparison was 0.12).
The relative risk of hypoglycemia in the bolus group was
5.06 (95% CI 0.61-42.36). For our secondary outcomes,
the bolus group did not show a significantly increased
requirement for IVF change (23 patients [30%] vs. 20
patients [25%], respectively, p = 0.56). There were no
statistically significant differences between the two
groups in terms of total amount of IVF administration in
the ED (2450 * 934 vs. 2522 * 1172 mL, respectively,
p = 0.67), starting insulin drip rate (6.6 = 1.7 vs. 6.5 =
1.5 units/h, respectively, p = 0.70), rate of change of
serum glucose in the ED (60.1 * 38.2 vs. 56.0 = 454
mg/dL/h, respectively, p = 0.54), rate of change of anion
gap in the ED (1.9 £ 1.2 vs. 1.9 = 1.4 mEq/L/h,
respectively, p = 0.66), serum glucose level on discharge
from the ED (319 % 217 vs. 327 = 233 mg/dL, respec-
tively, p = 0.81), anion gap on discharge from the ED
(174 £ 6.5 vs. 17.8 = 7.4 mEq/L, respectively, p =
0.75) length of stay in the ED (7.9 = 5.0 vs. 7.2 = 4.1 h,
respectively, p = 0.37) and length of stay in the hospital
(5.6 = 5.3 vs. 5.9 = 6.9 days, respectively, p = 0.81).

321 charts met
inclusion criteria

Y

164 charts excluded

112 did not have DKA

25 had incomplete documentation
20 not administered insulin drip
6 transferred out of the hospital

1 duplicate medical record

Y

157 charts reviewed

N

78 received
bolus insulin

79 assigned to
control group

Figure 1. Patient flow through study.
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Table 2. Main Results

Equivalence Testing: Comparison of Cl
against Clinical Threshold

Bolus Group Control Group p Value Ormeans 95% ClI Threshold
Hypoglycemia (%) 5(6.4%) 1(1.3%) 0.12
IVF change (%) 23 (29.5%) 20 (25.3%) 0.56
Total IVF (mL) 2450 + 934 2522 + 1172 0.67 -72 —406 to +263 500
Starting insulin drip rate (U/h) 6.6 1.7 6.5+1.5 0.70
ED LoS (h) 79+5.0 72*+41 0.37 +0.7 —-0.8to +2.1 2.0
Hospital LoS (days) 5.6 +5.3 59+6.9 0.81 -0.2 —-2.2to +1.7 1.0
Final glucose (mg/dL) 319 + 217 327 + 233 0.81
Final anion gap (mEq/L) 174 £ 6.5 178 £7.4 0.75
A glucose (mg/dL/h) 60.1 = 38.2 56.0 + 45.4 0.54 +4.1 -9.1to +17.3 25.0
A anion gap (mEqg/L/h) 1912 1914 0.66 —0.09 —0.50to +0.32 1.00

Values are reported as mean + SD. For equivalence testing, the difference between means is noted as mean,g,,s — Mean qnro))-
IVF = intravenous fluids; ED = Emergency Department; LoS = length of stay; A = rate of change of; Cl = confidence interval;

8 = difference between.

Equivalence Testing

The 95% Cls around the difference between the mean of
the bolus group and the control group were determined to
be: total IVF (—406—+263 mL), rate of change of glu-
cose (—9.1-+17.3 mg/dL/h), and rate of change of anion
gap (—0.50-+0.32 mEq/L/h). All of these fell within
our clinical thresholds (as defined previously), and all of
these cross zero, indicating that the bolus group did not
significantly differ from the control group. The 95% Cls
for ED length of stay (—0.8—+2.1 h) and hospital length
of stay (—2.2—+1.7 days) crossed zero but extended
beyond our clinical thresholds. The point estimate of ED
length of stay favored longer ED stays (by 0.7 h) in the
bolus group and longer hospital stays (by 0.2 days) in the
control group.
Results are summarized in Table 2.

DISCUSSION

Insulin administration and fluid and electrolyte manage-
ment form the mainstay of treatment for DKA, and EDs
across the country have developed protocols in line with
national guidelines for management of the same. The
American Diabetes Association recommends “an intra-
venous bolus of regular insulin at 0.15 units/kg body wt,
followed by a continuous infusion of regular insulin at a
dose of 0.1 unit/kg/h” as insulin therapy for adult patients
with DKA (5). They go on to state that “An initial insulin
bolus is not recommended in pediatric patients.”

The rationale behind use of bolus insulin in treatment
of DKA is unclear. With the invention of insulin in 1922,
it rapidly became the treatment of choice for DKA (13).
Subsequent studies seemed to indicate that larger doses
of insulin were more effective (14,15). Later studies in

the 1970s proposed that the more “physiologic” 0.1
units/kg/h dose was effective in controlling DKA (16—
19). Ensuing randomized controlled trials established the
same dose as having lesser incidence of hypoglycemia
with similar rates of resolution of hyperglycemia and
ketosis (20-22). A landmark randomized trial in 1977
compared IV, SC, and intramuscular (IM) administration
of insulin utilizing a bolus “primer” dose followed by an
infusion (23). They found similar outcomes in all three
groups, but noted a significantly greater need to repeat
the primer dose to obtain an “acceptable response” (10%
glucose decrement in the first hour) in the SC and IM
groups compared to the IV group. This was explained by
the fact that the IV route led to higher serum levels of
insulin, which was beneficial in causing a more rapid fall
in serum glucose and ketone bodies. However, this ben-
eficial effect could not be detected after the first 2 h of
therapy. Subsequently, it was shown that the primer dose
(0.44 units/kg) could be administered as an IV bolus or
as half IV and half IM or SC with similar results (24).
The use of bolus insulin is thought to be useful to
overcome a certain amount of insulin resistance that has
been found to exist in the DKA state, when compared to
well-controlled type 1 diabetes (9,10,25-27). The hyper-
osmolar state has been shown to contribute to this resis-
tance, and replacement of fluids and electrolytes has been
shown to make cells more responsive to insulin (25,28).
This raises the question of what benefit the bolus dose of
insulin provides, if careful management of fluid and
electrolyte issues is a priority. The pediatric literature
seems to recognize this, with guidelines published by the
American Diabetes Association and the European Soci-
ety for Paediatric Endocrinology recommending an IV
drip without the bolus dose of insulin (5,6). A bolus dose
of insulin has been shown (in pediatric groups) to accel-
erate the early decline in serum glucose without altering
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time to normoglycemia—this could be considered an
undesirable effect with higher potential for cerebral
edema (8). Another prospective study found no differ-
ence in decline of serum glucose level or serum osmo-
lality after the first hour, and similar times to achieve
normoglycemia (29).

The lack of data supporting the use of bolus insulin
prompted us to design the present study. An observa-
tional chart-review design, with sample size based on
presentation in a 12-month period, was chosen for con-
venience. Inclusion criteria were designed to capture a
large number of patients with metabolic acidosis, and
exclusion criteria were used to narrow the population to
DKA patients. The equivalence of baseline characteris-
tics and administered therapies suggests equal distribu-
tion of potential confounding factors between the groups.
Our results are compatible with the published pediatric
literature, effectively demonstrating that the bolus insulin
did not increase the rate of decline of serum glucose or
correction of the anion gap.

Equivalence testing was done in an attempt to add
clinical relevance to our results. Thresholds were estab-
lished with the logic that if the change in the value of a
particular variable (purportedly caused by administration
of the bolus insulin) fell within this threshold, the EP
would not consider the change clinically relevant. For
example, if the change in anion gap per hour varied less
than = 1.0 mEq/L/h between the two groups, an EP
would consider this change to be clinically insignificant.
After calculating the 95% CI of the difference between
the means of the two groups, this interval was compared
to the threshold to determine if the difference would
exceed our pre-determined thresholds. Using the same
example, the difference in the rate of change of anion gap
between the two groups had a 95% chance of lying
between —0.5 and +0.32 mEq/L/h, values well within
our threshold. Our results did support the equivalency of
the two groups, with the rate of change of serum glucose
and anion gap falling within our thresholds. The ED and
hospital length of stay did exceed our thresholds; how-
ever, the point estimates of the same varied in opposite
directions, favoring longer ED stays in the bolus group
and longer hospital stays in the control group.

We hypothesized that the patients receiving an initial
bolus dose of insulin would have a higher incidence of
hypoglycemia, which we could detect as increased ad-
ministration of D50 to these patients. A trend toward this
was noted in our data, but it did not reach statistical
significance. From a review of the literature, we had
expected an accelerated early drop in serum glucose
levels in the bolus group, which would prompt the EP to
initiate an IV glucose infusion (DSW or D5.45). Less
than a third of patients required IVF changes, and the two
groups were similar in this respect. High initial serum

glucose may have contributed to this outcome; further-
more, the bolus insulin was found to be less efficacious
than initially expected. It is possible that our sample size
(convenience sample based on enrollment in a 12-month
period) was insufficient to detect a difference in the rare
outcome of hypoglycemia. However, given the fact that
the two groups had an equivalent rate of decline in
serum glucose, we believe that the initial bolus dose of
insulin has been shown to be minimally efficacious in
this regard.

LIMITATIONS

The major drawback of this study was the non-randomized
cohort design, hence no standard protocol was utilized
for treatment of DKA patients. Assignment to bolus vs.
control group was therefore dictated by EP preference,
and this may have introduced an undetermined con-
founding factor. However, we did find that relevant base-
line characteristics were equally distributed within the
two groups, as noted in Table 1. The groups were also
treated equally, as demonstrated by equivalent amount of
IVF administered and similar insulin drip rates (Table 2).
Our inclusion criteria of enrolling patients who were
given a diagnosis of DKA by the EP has the potential of
missing a number of eligible cases who would have been
included if the study was performed prospectively. How-
ever, due to the broad search criterion used to identify
charts, we feel that the number of missed cases is not
significant.

We chose a surrogate definition for hypoglycemia
(administration of D50, rather than an actual serum glu-
cose level), because patients displaying clinical signs or
symptoms of hypoglycemia when on an insulin drip are
often presumptively treated for hypoglycemia in our ED
and may not have a serum glucose measurement. This
may have significantly affected the incidence of hypo-
glycemia as reported in this study.

Our data analysis is limited to ED endpoints, and
hospital length of stay may be more significantly affected
by the patient’s Intensive Care Unit course. Finally, the
total amount of IVF administered to the patient was not
charted accurately in some patients, and the data used are
based on rate of administration and length of stay; al-
though this could have significantly affected the out-
come, such bias would be equally distributed between
the two groups.

CONCLUSION

In this study, administration of an initial bolus dose of
insulin (in addition to an insulin drip) was not associated
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with significant benefit to adult patients with DKA and
demonstrated equivalent changes in clinically relevant
endpoints, when compared to patients not administered
the bolus. Further randomized controlled trials are re-
quired before a firm recommendation can be made re-
garding use of bolus insulin in treatment guidelines for
DKA.
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