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Study objective: This study is designed to test the hypothesis that the administration of octreotide
acetate (Sandostatin; Novartis Pharmaceuticals) in addition to standard therapy will increase serum
glucose level measured at serial intervals in patients presenting to the emergency department (ED)
with sulfonylurea-induced hypoglycemia compared with standard therapy alone.

Methods: This study was a prospective, double-blind, placebo-controlled trial. All adult patients who
presented to the ED with hypoglycemia (serum glucose level �60 mg/dL) and were found to be
taking a sulfonylurea or a combination of insulin and sulfonylurea were screened for participation in
the study. Study participants were randomized to receive standard treatment (1 ampule of 50%
dextrose intravenously and carbohydrates orally) and placebo (1 mL of 0.9% normal saline solution
subcutaneously) or standard treatment plus 1 dose of octreotide 75 �g subcutaneously. Subsequent
treatment interventions were at the discretion of the inpatient internal medicine service.

Results: A total of 40 patients (18 placebo; 22 octreotide) were enrolled. The mean serum glucose
measurement at presentation was placebo 35 mg/dL and octreotide 39 mg/dL. The mean glucose
values for octreotide patients compared with placebo were consistently higher during the first 8
hours but showed no difference in subsequent hours. Mean glucose differences approached
statistical significance from 1 to 3 hours and were significant from 4 to 8 hours after octreotide or
placebo administration.

Conclusion: The addition of octreotide to standard therapy in hypoglycemic patients receiving
treatment with a sulfonylurea increased serum glucose values for the first 8 hours after
administration in our patients. Recurrent hypoglycemic episodes occurred less frequently in
patients who received octreotide compared with those who received placebo. [Ann Emerg Med.
2008;51:400-406.]
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INTRODUCTION
Background

Hypoglycemia is a common presenting sign in emergency
department (ED) patients.1 Sulfonylureas are a widely
prescribed class of oral medications for the treatment of diabetes
(Table 1). Sulfonylureas are believed to stimulate insulin release
from pancreatic � cells through a complex mechanism
culminating in calcium influx and release of stored insulin from
secretory granules within the pancreas.1 A frequent and well-

reported adverse reaction of sulfonylurea administration is
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persistent hypoglycemia, often necessitating hospital admission
for serial glucose determinations.2

Importance
The American Association of Poison Control Centers

reported 4,285 sulfonylurea exposures, resulting in 1,334
adverse outcomes, including 11 deaths, in 2005. Octreotide was
reportedly used as an antidote 203 times.3 The true incidence of
sulfonylurea-induced hypoglycemia is higher because poisoning

and overdose are frequently underreported. Whereas insulin-
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dependent diabetic patients are usually discharged home after
establishing normal blood glucose levels, hospital admission is
recommended for hypoglycemic patients taking oral
sulfonylureas because of the long duration of effect, delayed
clearance of the drugs and their metabolites, and subsequent
high likelihood of recurrent hypoglycemic episodes.2

Several case reports and 1 prospective study in healthy
volunteers have demonstrated the safety and efficacy of
octreotide administration for the treatment of sulfonylurea-
induced hypoglycemia.4-7 Many toxicologists suggest that
administration of octreotide be considered in treatment of
patients after intentional or unintentional ingestion of a
sulfonylurea with recurrent hypoglycemia.8,9

To our knowledge, this is the first prospective, placebo-
controlled investigation of octreotide in sulfonylurea-induced
hypoglycemia. Before this investigation, the use of octreotide for
the treatment of sulfonylurea-induced hypoglycemia had never
been compared to placebo, nor had it been evaluated
prospectively in actual ED patients. Authors have called for
prospective, randomized, controlled clinical trials to confirm or
disprove any potential benefit of octreotide in this population.10

Goals of This Investigation
The primary goal of this study was to compare the effect of

octreotide on serial mean serum glucose concentrations in actual
hypoglycemic ED patients. A secondary goal of this

Editor’s Capsule Summary

What is already known on this topic
Limited prospective and retrospectively collected data
suggest octreotide is effective and simplifies therapy for
sulfonylurea-induced hypoglycemia. The duration of
action and appropriate dosing interval for octreotide are
unknown.

What question this study addressed
This 40-patient randomized controlled trial documented
the effect of a single injection of octreotide on the serum
glucose concentration in adult emergency department
patients with hypoglycemia during therapeutic use of a
sulfonylurea medication.

What this study adds to our knowledge
In patients receiving octreotide, serum glucose level was
higher than that in controls but waned within 8 hours.
The number of recurrent hypoglycemic episodes was
lower in the octreotide group but was not abolished.

How this might change clinical practice
Octreotide improves control of hypoglycemia. Multiple
doses or continuous infusion is likely needed to prolong
duration of effect.
investigation was to quantify the potential decrease in
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hypoglycemic episodes among those patients who received
octreotide compared to placebo.

MATERIALS AND METHODS
Study Design

The study was a prospective, randomized, double-blind,
placebo-controlled trial. The study was approved by the
institutional review board at our institution.

Setting
The study was conducted at an urban, community teaching

hospital with 74,000 ED visits annually. Trained physician
research assistants familiar with the protocol, research
methodology, and the informed consent process staff the ED 24
hours per day.

Selection of Participants
All adult (�18 years old) nonpregnant patients presenting to

the ED with hypoglycemia (serum glucose �60 mg/dL)
diagnosed at home by family members, emergency medical
services (EMS) providers, or ED personnel were identified by
the emergency physician and research staff and screened for
inclusion. All patients whose medications included an oral
sulfonylurea, a sulfonylurea combination product, or a
combination of insulin and a sulfonylurea were invited to
participate (Table 1). Hypoglycemic patients whose glucose-
control medications involved only insulin or a nonsulfonylurea
oral agent or who were not taking any diabetes medication were
excluded. Patients were screened for enrollment 24 hours per
day, 7 days per week from July 1, 2005, to December 31, 2006.

After patients received standard ED therapy for
hypoglycemia, 1 ampule (50 mL) of 50% dextrose was
administered intravenously and oral carbohydrates were
provided. Informed consent was obtained from patients after
they returned to baseline mental status or from their families or
surrogates.

Nonparticipation in the study did not preclude the patient
from receiving octreotide at the discretion of the treating
physicians.

Randomization was performed before the start of the study

Table 1. Sulfonylureas or combination products approved by
the US Food and Drug administration.

Generic Trade Generation

Tolbutamide Orinase First
Tolazamide Tolinase First
Chlorpropamide Diabinese First
Acetohexamide Dymelor First
Glyburide Micronase, Diabeta, Glynase Second
Glipizide Glucotrol/Glucotrol XL Second
Glimepiride Amaryl Third
Glyburide/metformin Glucovance Combination
Glipizide/metformin Metaglip Combination
Glimepiride/rosiglitazone Avandaryl Combination
by pharmacy personnel using a table created with a
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randomization generator (available at http://www.
randomization.com). The randomization table was kept by the
pharmacy for the duration of the study.

Interventions
Study patients were randomized to one of 2 treatment arms:

1. 1 ampule (50 mL) of 50% dextrose intravenously and
carbohydrates orally plus placebo (1 mL of 0.9% normal
saline solution subcutaneously)

2. 1 ampule (50 mL) of 50% dextrose intravenously and
carbohydrates orally plus octreotide 75 �g (approximately
1 mL) subcutaneously.

Oral carbohydrates consisted of an 8-oz can of Boost Plus
(Novartis Medical Nutrition, Minneapolis, MN), a
commercially available nutritional supplement containing 360
calories and 45 g of carbohydrates.

All enrolled patients were admitted to the hospital and
monitored for recurrent hypoglycemic episodes for a minimum
of 24 hours. All patients with recurrent hypoglycemia occurring
in the ED were treated with single bolus dose of 50% dextrose
intravenously and reevaluated. Once patients left the ED and
were admitted to the inpatient medical unit, management
decisions and interventions were at the discretion of the
inpatient medical service, although all patients were identified as
research subjects to the admitting house staff.

Methods of Measurement
CBC count, basic metabolic panel (electrolytes, glucose, and

renal function) and estimated body mass index were measured in all
subjects. Serum creatinine was measured in all subjects for the
purpose of calculating creatinine clearance. Bedside glucose
determinations were collected hourly for 4 hours and then every 2
hours for 24 hours. In the event that the bedside glucose
determination was not collected at the specified interval, data
points were assigned to the closest 2-hour interval for the purposes
of analysis.

Data Collection and Processing
Nurses and research assistants obtained all bedside glucose

measurements with a Roche Inform Glucose Meter. Daily
quality control measurements were recorded on all machines in
the ED to validate the accuracy of the bedside measurements.
The Department of Pathology and Laboratory Medicine
performed monthly quality control measurements according to
standing protocol on all machines used in the study. Data were
collected by trained unblinded emergency medicine research
assistants using preprinted data collection sheets.

Outcome Measures and Primary Data Analysis
To assess differences in glucose over time between treatment

groups, ANOVA in repeated measures was used. For analysis
purposes, glucose determinations were averaged during 3 4-hour
intervals, creating 5 time points (baseline, 1 to 3 hours, 4 to 8

hours, 9 to 12 hours, and 13 to 16 hours). Only patients with at
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least 1 value for each of the averaged time points were included in
the final ANOVA. To adjust for multiple pairwise comparisons
between treatment groups at each time point, the Tukey-Kramer
method was used. Student’s t test was used to test for differences
between treatment groups with regard to number of glucose
measurements and baseline glucose concentration. Where
applicable, data are presented as mean differences with 95%
confidence intervals (CIs). All analyses were performed using SAS
statistical software (version 9.1; SAS Institute, Inc., Cary’ NC).
P�.05 was considered statistically significant.

Sensitivity Analyses
Sample size calculation based on 1 previous experiment in

healthy volunteers4 estimated a sample size of 20 subjects in
each arm to have 80% power to detect a mean serum glucose
difference of 40 mg/dL, with a significance level (�) of 0.05
(2-tailed) (SD�70). No power calculation was performed on
the secondary outcome measure of difference in absolute
hypoglycemic events between the 2 groups.

RESULTS
Characteristics of Study Subjects

A total of 358 hypoglycemic patients were screened for
participation. Two hundred forty-two were excluded because
they did not meet inclusion criteria. Of those patients not
meeting inclusion criteria, 216 were found not to be taking a
sulfonylurea, and an additional 20 had a serum glucose level
greater than 60 mg/dL. Three patients were previously enrolled,
and an additional 3 patients did not meet inclusion criteria,
because the class of oral hypoglycemic medication could not be
verified owing to a language barrier. One hundred sixteen
patients met inclusion criteria and were offered participation in
the study. Seventy-four patients either declined or were unable
to provide informed consent because of altered mental status.
Forty-two patients agreed to participate. Two patients were
enrolled mistakenly and were subsequently removed from the
study. The protocol violation was reported to the institutional
review board (each patient was taking an oral diabetes
medication not in the sulfonylurea class). Both patients received
placebo and neither had an adverse outcome. Of the 40
remaining subjects, 22 patients were randomized to receive
octreotide and 18 to receive placebo (Figure 1). There were no
adverse events reported at 24 and 72 hours.

One subject randomized to receive placebo was treated with
a sulfonylurea (glipizide) at approximately 12 hours after
enrollment by the internal medicine service because of an
increased serum glucose level of 346 mg/dL. The patient
subsequently had an episode of hypoglycemia at hour 18. Data
points for the first 12 hours after study enrollment are included
in the analysis, but data after the administration of glipizide
were excluded. This hypoglycemic episode was omitted from
the comparison of rates of hypoglycemia between the 2 groups.

The mean age of study participants in the octreotide and
placebo groups was 66 years and 70 years, respectively. Men

composed 32% of the octreotide subjects and 61% of the
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placebo group. Blacks accounted for 96% of the octreotide and
78% of the placebo group. The mean baseline glucose level for
the octreotide arm was 39 mg/dL; placebo, 35 mg/dL.

The 2 cohorts were similar in terms of renal function. The
mean estimated creatinine clearance ([[140–age
(years)]�weight (kg)]/[72�serum creatine (mg/dL)]�0.85 for
women) of the octreotide group was 56 mL/minute (95% CI
38.7 to 72.7 mL/minute; SD 40.73) and 68 mL/minute (95%
CI 54.1 to 81.0 mL/minute; SD 29.2) in the placebo group.

Main Results
Glucose values for octreotide patients compared with placebo

Figure 1. Disposition of pati

Figure 2. Serum glucose
were consistently higher during the first 8 hours but showed no
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difference in subsequent hours (drug/time interaction, P�.0001;
Figure 2). Mean glucose differences (octreotide–placebo) at each
time point were as follows: 0 hours 1 mg/dL, 95% CI �59 to 60
mg/dL, P�1.0; 1 to 3 hours 56 mg/dL; 95% CI �3 to
115 mg/dL, P�0.08; 4 to 8 hours 127 mg/dL, 95% CI 68 to
187 mg/dL, P�.001; 9 to 12 hours 16 mg/dL, 95% CI �43 to 76
mg/dL, P�.99; 13 to 16 hours �2 mg/dL, 95% CI �61 to 57
mg/dL, P�1.0 (Table 2).

There were a total of 22 hypoglycemic episodes (glucose
�60 mg/dL). There were 10 solitary hypoglycemic events in 10
of the 22 patients (45%) who received octreotide. No patient
who received octreotide had more than 1 hypoglycemic episode.

screened for hypoglycemia.

reotide versus placebo.
Five of the 10 patients who received octreotide and
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subsequently had a hypoglycemic episode experienced the event
at the first hourly serum glucose determination after study drug
administration (Table 3). There were a total of 13 hypoglycemic
events among 6 of the 18 (33%) patients who received placebo.
Three patients who received placebo had multiple (2 to 4)
hypoglycemic events.

LIMITATIONS
Our inclusion criteria allowed for a wide range of subjects

with comorbidity. We did not control for physiologic or
pathologic differences among the subjects, and the study was
not powered to do subgroup analysis.

No distinction was made between different sulfonylureas
(Table 1). It is conceivable that patients ingesting first-
generation sulfonylureas with longer elimination half-lives
would have a higher potential for recurrent hypoglycemia
compared with patients ingesting the second- or third-
generation agents.

The informed consent process and patient enrollment were
more challenging than expected. Many eligible patients were
excluded because of their inability to provide informed consent
due to some degree of altered mental status, presumably from
hypoglycemia or baseline dementia.

We defined hypoglycemia at a value of 60 mg/dL. No
distinction between clinical and numeric hypoglycemia was
made in this study. This approach has been criticized in a
previous case series investigating the use of octreotide in
hypoglycemia.7 All patients presented to EMS providers or the
ED with clinical symptoms consistent with hypoglycemia
(Table 3).

We maintained a high degree of compliance and consistence
with bedside glucose measurements during the initial 4- to 8-
hour period in the ED but had variable success once the patients
were monitored on the medical wards. Similarly, there was no
standardized protocol for the infusion of dextrose-containing
intravenous fluids once the patient left the ED, perhaps leading
to unforeseen variability in subsequent serum glucose levels.

No quantitative sulfonylurea drug levels, insulin levels, or
c-peptide levels were obtained, largely because of the significant
added cost of such tests and our desire to replicate actual
scenarios encountered by practicing emergency physicians.
Serum levels of drug might clarify the degree to which the
hypoglycemia was a result of the sulfonylurea as opposed to

Table 2. Mean difference in serum glucose, octreotide versus
placebo.

Time After
Medication
Administration, h

Mean Glucose
Difference, Octreotide

Versus Placebo, mg/dL 95% CI P Value

0 1 59 to 60 1.0
1–3 56 �3 to 115 .08
4–8 127 68 to 187 �.001
9–12 16 43 to 47 .99

13–16 �2 61 to 52 1.0
some other cause.
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Thirty patients (75%) were unwilling to ingest their initial
oral carbohydrate load with Boost Plus and preferred a standard
hospital food tray (average of 600 total calories).

The majority of our study patients (88%) were black,
reflecting the demographics of our patient population, and our
results may not be applicable to other ethnic groups. Similarly,
despite computer randomization there was a disproportionate
representation of male patients between the octreotide and
placebo groups (32% versus 61%).

DISCUSSION
Octreotide is a somatostatin analog that is known to suppress

several hormones, including insulin.11 Dextrose itself induces
insulin secretion, theoretically contributing to rebound
hypoglycemia when used to treat low blood sugar.1,11

Octreotide is thought to lower insulin levels that result from
either dextrose or a sulfonylurea medication.1 We believe our
study to be the first prospective, randomized investigation of
octreotide in sulfonylurea-induced hypoglycemia.

Several case reports and 1 prospective study in healthy
volunteers have demonstrated the safety and efficacy of
octreotide administration for the treatment of sulfonylurea-
induced hypoglycemia.4,5,8 Boyle4 showed that treatment with
octreotide reduced the need for exogenous dextrose
administration among healthy volunteers who had ingested
glipizide compared with individuals treated with dextrose or
diazoxide. McLaughlin and McKinney8 published a
retrospective case series of 9 individuals successfully treated with
octreotide for recurrent sulfonylurea-induced hypoglycemia,
found a marked reduction in the risk of recurrent hypoglycemia,
and concluded that octreotide and dextrose should be
considered first-line therapy in the aforementioned clinical
scenario. Similarly, Bronwyn5 reported 2 severely ill patients
with persistent sulfonylurea-induced hypoglycemia who were
successfully treated with an intravenous infusion of octreotide,
as evidenced by stabilization of serum glucose and decrease of
markedly increased serum insulin and c-peptide levels.

Octreotide is not approved by the US Food and Drug
Administration for the treatment of sulfonylurea-associated
hypoglycemia, although many toxicologists routinely recommend
its use in this clinical scenario.2,6,9 Common adverse reactions of
treatment with octreotide include nausea, abdominal cramps,
diarrhea, malabsorption of fats, and flatulence. These effects usually
start within hours of the initiation of therapy and usually subside
spontaneously in 10 to 14 days, despite continued treatment.
Approximately 20% to 30% of patients treated with octreotide for
more than 1 month will develop cholesterol gallstones. The
mechanism is uncertain but may involve decreased gallbladder
emptying caused by complex effects on several hormonal
pathways.11 These adverse effects are likely of minimal consequence
to emergency physicians using the drug to treat sulfonylurea-
associated hypoglycemia.

An understanding of the pharmacokinetics of octreotide
provides insight into the results of our investigation. In healthy

volunteers, octreotide is absorbed rapidly and completely after
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subcutaneous injection. Peak concentrations of 5.2 ng/dL
(100-�g dose) were reached 0.4 hours after injection.12 The
elimination of octreotide from plasma had an apparent half-life
of 1.7 to 1.9 hours. Approximately 32% of the dose is excreted
unchanged in the urine. In patients with renal impairment, the
elimination of octreotide from plasma was prolonged. In
persons with mild renal impairment (creatine clearance 40 to 60
mL/minute), the half-life was 2.4 hours, and in those with
moderate and severely decreased renal function (creatine
clearance 10 to 39 mL/minute and �10 mL/minute), the half-
life increased to approximately 3 hours. Additionally, in patients
with cirrhosis or fatty liver disease the half-life of octreotide

Table 3. Characteristics of study participants.

Patient
Number Sulfonylurea Dose, mg

Number of
Hypoglycemic Events

Placebo
4 Glipizide 10 4
5 Glipizide 10 0
8 Glipizide 10 0
9 Glyburide 5 0

10 Glipizide 10 0
11 Glipizide 5 0
14 Glipizide 5 2
16 Glyburide 5 1
17 Glimepiride 8 0
23 Glipizide Unknown 0
25 Glipizide 10 1
27 Glipizide 10 3
30 Glimepiride 4 0
32 Glipizide 3 1
33 Glipizide 10 1
37 Glyburide 5 0
39 Glimepiride 4 1*
42 Glipizide 5 0
Octreotide
1 Glyburide 5 1
3 Glipizide Unknown 0
6 Glipizide 10 1
7 Glipizide Unknown 0

12 Glipizide 5 0
13 Glipizide 5 1
15 Glipizide 5 0
18 Glipizide Unknown 1
19 Glipizide 10 1
20 Glimepiride 8 0
22 Glyburide 5 0
24 Glipizide 5 0
26 Glipizide 10 1
28 Glipizide 2.5 1
29 Glyburide 5 0
31 Glyburide 5 1
34 Glipizide 10 0
35 Glyburide 3 0
36 Glimepiride 4 0
38 Glyburide 5 1
40 Glipizide 5 1
41 Glyburide 5 0

*Patient received glipizide at hour 12; see Discussion.
increased to nearly 3.5 hours.12
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Octreotide should have minimal effect on serum glucose
level 8 to 10 hours after a single subcutaneous injection. In
patients with normal renal function, the medication is
eliminated quickly. In patients with renal insufficiency and a
predicted half-life of 3 hours, only one eighth of the original
drug would be available at hour 9. None of our patients had
demonstrable renal insufficiency, which most likely explains the
lack of octreotide effect after 8 hours.

The indications and ideal dosing regimen of octreotide for
sulfonylurea-induced hypoglycemia are not established. Some
authors advocate the administration of octreotide after a single
hypoglycemic episode and others, only after a second decreased

ime to Hypoglycemic
Event, h Chief Complaint

2, 10, 13, 15 Diaphoresis
Confusion
Weakness
Unresponsiveness
Decreased responsiveness, lethargy
Decreased mental status

7, 9 Fall, altered mental status, failure to thrive
17

Altered mental status
Dizziness, blurred vision

1 Weakness
8, 10, 11 Confusion, disoriented

Confusion, diaphoresis
1 Altered mental status
1 Slurred speech

Decreased mental status
18 Diaphoresis

Weakness, tiredness

13 Altered mental status
0 Weakness
1 Weakness, dizziness
0 Syncopal event
0 Confusion

12 Blurred vision, lightheadedness, shaking
0 Weakness
8 Altered mental status
1 Weakness
0 Confusion
0 Altered mental status, hypoglycemia
0 Decreased responsiveness, syncope
1 Hypoglycemia, shaking, weakness
1 Fall
0 Dizziness
1 Blurry vision, numbness in hands
0 Confusion
0 Weakness, dizziness
0 Weakness
3 Syncope
7 Altered mental status
0 Confusion, disoriented
T

glucose measurement.2,6,8,9 Route of administration and dosing
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intervals also vary widely in the literature.6 For simplicity, we chose
a single subcutaneous injection after 1 hypoglycemic episode.

Our results show no significant difference in mean glucose level
among octreotide and placebo after 9 to 12 hours, which may
represent either underdosing or inadequate dosing regimen (1
subcutaneous dose as opposed to repeated doses or continuous
infusion) (Table 2). Subtherapeutic dosing of octreotide has been
mentioned as contributing to treatment failure.6

Five of the 10 patients who received octreotide and
subsequently had a hypoglycemic episode had the event within
the first hour after study drug administration. A possible
explanation is that the onset of action of octreotide in actual ED
patients is greater than 1 hour.

None of the 40 study participants were believed to have
consumed a large amount of sulfonylurea as an attempt at
suicide. Case reports have demonstrated improvement in serum
glucose level after massive glyburide overdose (500 to 1000
mg).13,14 Because of the absence of any study participants with
suspected intentional sulfonylureas overdose, we can make no
comment on the efficacy of octreotide in this subpopulation.
Additionally, no children were included in the protocol,
although several case reports have illustrated the safety and
efficacy of octreotide in children for the treatment of
hypoglycemia after the ingestion of sulfonylureas.15

Our results suggest that it would be prudent to admit all
patients with sulfonylurea-induced hypoglycemia to the hospital
for frequent blood glucose determinations. We found that
although patients who received a single dose of octreotide were
less likely to experience multiple subsequent hypoglycemic
episode compared with placebo, such patients are still at risk of
further solitary hypoglycemic events.

To our knowledge, this is the first study demonstrating the
efficacy of octreotide for the treatment of sulfonylurea-induced
hypoglycemia in an actual ED population in a randomized
double-blinded protocol. The results from this study show a
statistically significant increase in mean glucose level among
patients who received octreotide compared with placebo. The
effects are most pronounced in the first 4 to 8 hours after the
administration of a single 75-�g subcutaneous dose. Recurrent
hypoglycemic episodes occurred less frequently in patients who
received octreotide compared with those who received placebo.
There were no adverse events recorded within the first 72 hours
after octreotide administration.
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