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Abstract—Current guidelines for treatment of diabetic
etoacidosis (DKA) recommend administration of an intra-
enous bolus dose of insulin followed by a continuous infu-
ion. This study was designed to investigate whether the
nitial bolus dose is of significant benefit to adult patients
ith DKA and if it is associated with increased complica-

ions. This was a non-concurrent, prospective observational
ohort study of adult patients who presented with DKA in
12-month period. Charts were divided into two groups

epending on whether they received an initial bolus dose of
nsulin. Data on glucose levels, anion gap (AG), intravenous
uid administration (IVF), and length of stay (LOS) were
ollected. Primary outcome was hypoglycemia (need for
dministration of 50% dextrose). Of 157 charts, 78 received
bolus of insulin and were designated the treatment group,

he remaining 79 formed the control group. Groups were
imilar at baseline and received equivalent IVF and insulin
rips. There were no statistically significant differences in
he incidence of hypoglycemia (6% vs. 1%, respectively,

� 0.12), rate of change of glucose (60 vs. 56 mg/dL/h,
espectively, p � 0.54) or AG (1.9 vs. 1.9 mEq/L/h, respec-
ively, p � 0.66), LOS in the Emergency Department (8 vs.
h, respectively, p � 0.37) or hospital (5.6 vs. 5.9 days, p �

.81). Equivalence testing revealed no clinically relevant
ifferences in IVF change, rate of change of glucose, or AG.
dministration of an initial bolus dose of insulin was not
ssociated with significant benefit to patients with DKA and
emonstrated equivalent changes in clinically relevant end-
oints when compared to patients not administered the
olus. © 2010 Elsevier Inc.

ECEIVED: 26 January 2007; FINAL SUBMISSION RECEIVED:

CCEPTED: 2 November 2007
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INTRODUCTION

iabetes affects nearly 21 million people in the United
tates, about 7% of the population (1). Diabetic ketoac-

dosis (DKA) was listed as the first diagnosis in approx-
mately 115,000 hospital discharges in 2003 (2). Initial
ntravenous (IV) bolus dosing of insulin followed by a
ontinuous infusion (drip) is a common practice in the
mergency Department (ED) treatment of DKA, as per
ational guidelines (3,4). However, pediatric guidelines
or DKA treatment recommend against the bolus, pri-
arily due to concern for hypoglycemia and rapid

hanges in serum osmolarity leading to cerebral edema
5–8). The bolus dose is thought to be useful in over-
oming the relative insulin-resistant state in DKA, and
arious hypotheses have been put forward to explain
his (9,10). However, there seem to be no data to
upport the use of insulin bolus in adult patients.
pecifically, there is no data on whether the bolus dose

mproves outcomes, shortens lengths of stay, or de-
reases utilization of resources. This, coupled with the
act that the bolus dose has the potential for harm, led
s to design the current investigation.

The hypothesis for this investigation was that adult
atients who are administered an initial bolus dose of

y 2007;
27 Ma
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nsulin (in addition to an insulin drip) have a higher
ncidence of hypoglycemia and more frequently require
ntravenous fluid (IVF) changes while in the ED, but
ave similar lengths of stay and similar rates of decrease
f serum glucose and anion gap. Our objective was to
emonstrate that administration of an initial bolus dose of
nsulin does not offer any clinically relevant benefit to
dult patients with DKA, has the potential for harm, and is
esource-intensive in the ED.

METHODS

esign

he study was designed as a non-concurrent, prospec-
ive, observational cohort study. We reviewed charts of
ll adult (aged 18� years) patients who presented to an
rban ED (90,000 visits/year) during a 12-month period
xtending from July 2003 through June 2004. Only those
harts were included of patients assigned a diagnosis of
KA, ketoacidosis, or metabolic acidosis upon discharge

rom the ED (diagnosis as assigned in an electronic
atabase of ED visits). Exclusion criteria were as fol-
ows: 1) metabolic acidosis or ketoacidosis from causes
ther than DKA (such as alcohol intoxication, starvation,
r sepsis); 2) insulin drip not administered; and 3) suf-
cient data not available on review of medical record,
for example, anion gap or serum glucose not checked
ithin 2 h of departure from ED).
The electronic chart was reviewed by the study inves-

igators to obtain data on glucose levels (via central
aboratory or point-of-care testing), anion gap determi-
ation, insulin administration, D50 administration and
VF administration. Chart review was limited to the ED
ourse and laboratory tests checked within 2 h of depar-
ure from the ED. Baseline data (prior history of diabe-
es, insulin or oral hypoglycemic agent usage before
rrival, and type of diabetes) were extracted from prior
edical records where available.
Prior approval was obtained from the Institutional

eview Board.

efinitions

nsulin drip was defined as a continuous IV administra-
ion of regular human insulin. Patients who received an
V or subcutaneous (SC) dose of insulin in addition to
he drip on presentation to the ED were defined as having
eceived an insulin bolus. Diagnosis of DKA was defined
s an anion gap metabolic acidosis with increased serum
lucose and beta-hydroxybutyrate levels, necessitating

n insulin drip. Hypoglycemia was defined as need for IV g
dministration of a 50-g/dL solution of dextrose (D50).
VF change was defined as change in the IVF solution
rom normal saline (NS) to 5% dextrose in half-normal
aline (D5.45) or 5% dextrose in water (D5W).

reatment

ll patients were treated at the discretion of the emer-
ency physician (EP). At our institution, adult patients
iagnosed with DKA are routinely started on an insulin
rip at 0.1 units/kg/h. Administration of an initial bolus
ose of 10 units (0.1–0.15 units/kg) of regular insulin is
er the prerogative of the EP. All patients receive an IV
olus of NS followed by continuous infusion. Supple-
ental electrolyte administration is also determined by

he EP. Continuous IV glucose administration (in the
orm of an IVF change to D5.45 or D5W) is started once
he blood glucose level reaches 200–300 mg/dL. All
atients diagnosed with DKA receive continuous moni-
oring of cardiac rhythm, blood pressure and pulse oxim-
try, 1–2 hourly point-of-care glucose measurements,
nd central laboratory serum electrolyte concentration
etermination every 4–6 h. Patients remain in the ED
ntil they may be safely transported to their assigned
npatient room. The insulin drip is discontinued once the
nion gap metabolic acidosis has resolved and a long-
cting form of insulin has been administered.

ata Analysis

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

The data were summarized and examined for possible
ifferences between the bolus and control groups. For
iscrete variables, frequencies were examined and tests
f association performed. In most cases, results were
btained through chi-squared tests. For two of the vari-
bles (hypoglycemia and history of insulin use) data
ere sparse in two cells, therefore Fisher’s exact test was

ubstituted. Basic statistics were tabulated for all of the
ontinuous variables. In some cases (e.g., hospital
ength-of-stay), a variable could have been treated as
ontinuous or ordinal. It was decided to treat these as
ontinuous, as the number of possible values was fairly
arge and there were no obvious deviations from normal-
ty. t-Tests were run to examine differences between

roups. In most cases, pooled variances were assumed.
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424 N. Goyal et al.
ormal tests for equality of variance were performed and
n two cases (hospital length-of-stay and total IVF), there
as evidence of unequal variance, so the Satterthwaite
ethod was substituted. All statistical tests were two-

ided and performed at the 0.05 level of significance.
For equivalence testing, clinical thresholds were pre-

efined as a minimum change in magnitude that would
e considered clinically relevant. For example, we pos-
ulated that if the bolus group and control group differed
n their IVF requirement by 500 mL or more, that dif-
erence would be clinically relevant. Similar thresholds
ere set for rate of change of glucose (25 mg/dL/h), rate
f change of anion gap (1.0 mEq/L/h), ED length of stay
2 h), and hospital length of stay (1 day). Testing for
quivalence was performed by computing the 95% con-
dence interval (CI) around the difference between
eans of the two groups, and comparing this to a clini-

ally significant threshold. This approach has been de-
cribed previously (11,12).

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

RESULTS

here were 321 charts that met the inclusion criteria, and
64 met one or more of the exclusion criteria. The most
ommon reasons for exclusion were: acidosis not due to
iabetic ketoacidosis (n � 112) and incomplete docu-
entation (n � 25). A total of 157 charts were analyzed.
igure 1 illustrates the details of patient flow through the
tudy.

Seventy-eight patients were determined to have re-
eived an initial bolus dose of insulin and the remaining
n � 79) were analyzed in the control group. The two

able 1. Baseline Characteristics

Bolus Group
n � 78

Control Group
n � 79

p
Value

ge (years) 41 � 15.9 40 � 15.0 0.63
ale (%) 41 (52.6%) 36 (45.6%) 0.38
istory of diabetes? (%) 60 (77.9%) 65 (82.3%) 0.50
ype 2 diabetes (%) 24 (42.9%) 21 (32.8%) 0.26
rescribed OHA before
arrival (%)

8 (13.3%) 9 (13.9%) 0.93

rescribed insulin
before arrival (%)

55 (91.7%) 61 (93.9%) 0.74

nitial glucose level
(mg/dL)

690 � 291 644 � 281 0.31

nitial anion gap (mEq/L) 29.1 � 8.2 29.3 � 8.3 0.90

alues are reported as mean � SD.
HA � oral hypoglycemic agent.
roups were similar at baseline with respect to age, sex F
istribution, initial serum glucose level, initial anion gap,
nsulin or oral hypoglycemic agent usage before arrival,
nd past medical history and type of diabetes. Table 1
etails the baseline characteristics. Data on the type of
iabetes were not available for five charts, and no prior
ata were available for one chart. These charts were
xcluded from the analysis for relevant baseline vari-
bles only.

More charts in the bolus group developed hypoglyce-
ia (5 patients, 6%) as compared to the control group (1

atient, 1%). This difference was not found to be statis-
ically significant (p-value of the comparison was 0.12).
he relative risk of hypoglycemia in the bolus group was
.06 (95% CI 0.61–42.36). For our secondary outcomes,
he bolus group did not show a significantly increased
equirement for IVF change (23 patients [30%] vs. 20
atients [25%], respectively, p � 0.56). There were no
tatistically significant differences between the two
roups in terms of total amount of IVF administration in
he ED (2450 � 934 vs. 2522 � 1172 mL, respectively,
� 0.67), starting insulin drip rate (6.6 � 1.7 vs. 6.5 �

.5 units/h, respectively, p � 0.70), rate of change of
erum glucose in the ED (60.1 � 38.2 vs. 56.0 � 45.4
g/dL/h, respectively, p � 0.54), rate of change of anion

ap in the ED (1.9 � 1.2 vs. 1.9 � 1.4 mEq/L/h,
espectively, p � 0.66), serum glucose level on discharge
rom the ED (319 � 217 vs. 327 � 233 mg/dL, respec-
ively, p � 0.81), anion gap on discharge from the ED
17.4 � 6.5 vs. 17.8 � 7.4 mEq/L, respectively, p �
.75) length of stay in the ED (7.9 � 5.0 vs. 7.2 � 4.1 h,
espectively, p � 0.37) and length of stay in the hospital
5.6 � 5.3 vs. 5.9 � 6.9 days, respectively, p � 0.81).
igure 1. Patient flow through study.
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Initial Bolus Insulin for Diabetic Ketoacidosis 425
quivalence Testing

he 95% CIs around the difference between the mean of
he bolus group and the control group were determined to
e: total IVF (�406–�263 mL), rate of change of glu-
ose (�9.1–�17.3 mg/dL/h), and rate of change of anion
ap (�0.50–�0.32 mEq/L/h). All of these fell within
ur clinical thresholds (as defined previously), and all of
hese cross zero, indicating that the bolus group did not
ignificantly differ from the control group. The 95% CIs
or ED length of stay (�0.8–�2.1 h) and hospital length
f stay (�2.2–�1.7 days) crossed zero but extended
eyond our clinical thresholds. The point estimate of ED
ength of stay favored longer ED stays (by 0.7 h) in the
olus group and longer hospital stays (by 0.2 days) in the
ontrol group.

Results are summarized in Table 2.

DISCUSSION

nsulin administration and fluid and electrolyte manage-
ent form the mainstay of treatment for DKA, and EDs

cross the country have developed protocols in line with
ational guidelines for management of the same. The
merican Diabetes Association recommends “an intra-
enous bolus of regular insulin at 0.15 units/kg body wt,
ollowed by a continuous infusion of regular insulin at a
ose of 0.1 unit/kg/h” as insulin therapy for adult patients
ith DKA (5). They go on to state that “An initial insulin
olus is not recommended in pediatric patients.”

The rationale behind use of bolus insulin in treatment
f DKA is unclear. With the invention of insulin in 1922,
t rapidly became the treatment of choice for DKA (13).
ubsequent studies seemed to indicate that larger doses

able 2. Main Results

Bolus Group Control G

ypoglycemia (%) 5 (6.4%) 1 (1.3%
VF change (%) 23 (29.5%) 20 (25.3
otal IVF (mL) 2450 � 934 2522 � 1
tarting insulin drip rate (U/h) 6.6 � 1.7 6.5 � 1
D LoS (h) 7.9 � 5.0 7.2 � 4
ospital LoS (days) 5.6 � 5.3 5.9 � 6
inal glucose (mg/dL) 319 � 217 327 � 2
inal anion gap (mEq/L) 17.4 � 6.5 17.8 � 7
glucose (mg/dL/h) 60.1 � 38.2 56.0 � 4
anion gap (mEq/L/h) 1.9 � 1.2 1.9 � 1

alues are reported as mean � SD. For equivalence testing, the
VF � intravenous fluids; ED � Emergency Department; LoS

� difference between.
f insulin were more effective (14,15). Later studies in e
he 1970s proposed that the more “physiologic” 0.1
nits/kg/h dose was effective in controlling DKA (16–
9). Ensuing randomized controlled trials established the
ame dose as having lesser incidence of hypoglycemia
ith similar rates of resolution of hyperglycemia and
etosis (20–22). A landmark randomized trial in 1977
ompared IV, SC, and intramuscular (IM) administration
f insulin utilizing a bolus “primer” dose followed by an
nfusion (23). They found similar outcomes in all three
roups, but noted a significantly greater need to repeat
he primer dose to obtain an “acceptable response” (10%
lucose decrement in the first hour) in the SC and IM
roups compared to the IV group. This was explained by
he fact that the IV route led to higher serum levels of
nsulin, which was beneficial in causing a more rapid fall
n serum glucose and ketone bodies. However, this ben-
ficial effect could not be detected after the first 2 h of
herapy. Subsequently, it was shown that the primer dose
0.44 units/kg) could be administered as an IV bolus or
s half IV and half IM or SC with similar results (24).

The use of bolus insulin is thought to be useful to
vercome a certain amount of insulin resistance that has
een found to exist in the DKA state, when compared to
ell-controlled type 1 diabetes (9,10,25–27). The hyper-
smolar state has been shown to contribute to this resis-
ance, and replacement of fluids and electrolytes has been
hown to make cells more responsive to insulin (25,28).
his raises the question of what benefit the bolus dose of

nsulin provides, if careful management of fluid and
lectrolyte issues is a priority. The pediatric literature
eems to recognize this, with guidelines published by the
merican Diabetes Association and the European Soci-

ty for Paediatric Endocrinology recommending an IV
rip without the bolus dose of insulin (5,6). A bolus dose
f insulin has been shown (in pediatric groups) to accel-

p Value

Equivalence Testing: Comparison of CI
against Clinical Threshold

�means 95% CI Threshold

0.12
0.56
0.67 �72 �406 to �263 500
0.70
0.37 �0.7 �0.8 to �2.1 2.0
0.81 �0.2 �2.2 to �1.7 1.0
0.81
0.75
0.54 �4.1 �9.1 to �17.3 25.0
0.66 �0.09 �0.50 to �0.32 1.00

ence between means is noted as meanbolus � meancontrol).
th of stay; � � rate of change of; CI � confidence interval;
roup

)
%)
172
.5
.1
.9
33
.4
5.4
.4

differ
rate the early decline in serum glucose without altering
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426 N. Goyal et al.
ime to normoglycemia—this could be considered an
ndesirable effect with higher potential for cerebral
dema (8). Another prospective study found no differ-
nce in decline of serum glucose level or serum osmo-
ality after the first hour, and similar times to achieve
ormoglycemia (29).

The lack of data supporting the use of bolus insulin
rompted us to design the present study. An observa-
ional chart-review design, with sample size based on
resentation in a 12-month period, was chosen for con-
enience. Inclusion criteria were designed to capture a
arge number of patients with metabolic acidosis, and
xclusion criteria were used to narrow the population to
KA patients. The equivalence of baseline characteris-

ics and administered therapies suggests equal distribu-
ion of potential confounding factors between the groups.
ur results are compatible with the published pediatric

iterature, effectively demonstrating that the bolus insulin
id not increase the rate of decline of serum glucose or
orrection of the anion gap.

Equivalence testing was done in an attempt to add
linical relevance to our results. Thresholds were estab-
ished with the logic that if the change in the value of a
articular variable (purportedly caused by administration
f the bolus insulin) fell within this threshold, the EP
ould not consider the change clinically relevant. For

xample, if the change in anion gap per hour varied less
han � 1.0 mEq/L/h between the two groups, an EP
ould consider this change to be clinically insignificant.
fter calculating the 95% CI of the difference between

he means of the two groups, this interval was compared
o the threshold to determine if the difference would
xceed our pre-determined thresholds. Using the same
xample, the difference in the rate of change of anion gap
etween the two groups had a 95% chance of lying
etween �0.5 and �0.32 mEq/L/h, values well within
ur threshold. Our results did support the equivalency of
he two groups, with the rate of change of serum glucose
nd anion gap falling within our thresholds. The ED and
ospital length of stay did exceed our thresholds; how-
ver, the point estimates of the same varied in opposite
irections, favoring longer ED stays in the bolus group
nd longer hospital stays in the control group.

We hypothesized that the patients receiving an initial
olus dose of insulin would have a higher incidence of
ypoglycemia, which we could detect as increased ad-
inistration of D50 to these patients. A trend toward this
as noted in our data, but it did not reach statistical

ignificance. From a review of the literature, we had
xpected an accelerated early drop in serum glucose
evels in the bolus group, which would prompt the EP to
nitiate an IV glucose infusion (D5W or D5.45). Less
han a third of patients required IVF changes, and the two

roups were similar in this respect. High initial serum i
lucose may have contributed to this outcome; further-
ore, the bolus insulin was found to be less efficacious

han initially expected. It is possible that our sample size
convenience sample based on enrollment in a 12-month
eriod) was insufficient to detect a difference in the rare
utcome of hypoglycemia. However, given the fact that
he two groups had an equivalent rate of decline in
erum glucose, we believe that the initial bolus dose of
nsulin has been shown to be minimally efficacious in
his regard.

LIMITATIONS

he major drawback of this study was the non-randomized
ohort design, hence no standard protocol was utilized
or treatment of DKA patients. Assignment to bolus vs.
ontrol group was therefore dictated by EP preference,
nd this may have introduced an undetermined con-
ounding factor. However, we did find that relevant base-
ine characteristics were equally distributed within the
wo groups, as noted in Table 1. The groups were also
reated equally, as demonstrated by equivalent amount of
VF administered and similar insulin drip rates (Table 2).
ur inclusion criteria of enrolling patients who were
iven a diagnosis of DKA by the EP has the potential of
issing a number of eligible cases who would have been

ncluded if the study was performed prospectively. How-
ver, due to the broad search criterion used to identify
harts, we feel that the number of missed cases is not
ignificant.

We chose a surrogate definition for hypoglycemia
administration of D50, rather than an actual serum glu-
ose level), because patients displaying clinical signs or
ymptoms of hypoglycemia when on an insulin drip are
ften presumptively treated for hypoglycemia in our ED
nd may not have a serum glucose measurement. This
ay have significantly affected the incidence of hypo-

lycemia as reported in this study.
Our data analysis is limited to ED endpoints, and

ospital length of stay may be more significantly affected
y the patient’s Intensive Care Unit course. Finally, the
otal amount of IVF administered to the patient was not
harted accurately in some patients, and the data used are
ased on rate of administration and length of stay; al-
hough this could have significantly affected the out-
ome, such bias would be equally distributed between
he two groups.

CONCLUSION

n this study, administration of an initial bolus dose of

nsulin (in addition to an insulin drip) was not associated
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Initial Bolus Insulin for Diabetic Ketoacidosis 427
ith significant benefit to adult patients with DKA and
emonstrated equivalent changes in clinically relevant
ndpoints, when compared to patients not administered
he bolus. Further randomized controlled trials are re-
uired before a firm recommendation can be made re-
arding use of bolus insulin in treatment guidelines for
KA.
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