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Octreotide (Sandostatin) is a synthetic analogue of
somatostatin that has similar, if not identical, phar-
macologic activity to this endogenous hormone
but is longer acting and more potent
[1-11]. Somatostatin was first isolated from the
hypothalamus and characterized as an inhibitor of
pituitary growth hormone secretion in 1973
[12]. It is synthesized and widely distributed
throughout the body (particularly in neurons, pan-
creas, and gastrointestinal tract but also in
immune and inflammatory cells), modulates neu-
rotransmission (primarily in the central nervous
system), and has generalized inhibitory effects on
paracrine function. With respect to the last-
mentioned, somatostatin inhibits the release of
the following:

Thyrotropin

Prolactin

Gastrin

Motilin

Vasoactive intestinal peptide
Pancreatic polypeptide
Glicentin

Glucagon

Insulin

Insulin-like growth factors (somatomedins)
Parathyroid hormone
Luteinizing hormone
Calcitonin

Renin

Adrenocorticotropic hormone
Growth hormone
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Somatostatin is involved in the regulation of
many physiologic processes and also inhibits exo-
crine secretions from the pancreas, gut, gallblad-
der, and salivary glands. It consists of two main
peptides, SST-14 and SST-28, which bind to and
activate five related G-protein coupled receptors
[1-5]. Octreotide, lanreotide, and pasireotide are
the only three somatostatin analogs currently in
widespread clinical use and approved for use in
the USA. Octreotide and lanerotide are cyclic
octapeptides, while pasireotide is a cyclohex-
apeptide. They display the greatest affinity for
somatostatin type 2 and type 5 receptors found
in the pituitary gland and the pancreas [6—12].

Indications for the use of octreotide currently
approved by the US Food and Drug Administra-
tion are limited to the treatment of acromegaly,
carcinoid tumors, and vasoactive intestinal pep-
tide tumors [11]. Clinical experience also supports
its use in the treatment of nonsecretory,
corticotropin-secreting, and thyrotropin-secreting
pituitary adenomas; pancreatic islet cell tumors;
congenital and acquired hyperinsulinism;
nesidioblastosis; acute pancreatitis; pancreatic fis-
tulas and pseudocysts; bleeding from esophageal
varices and peptic ulcers; and diarrhea associated
with ileostomies, short bowel syndrome, intesti-
nal graft-versus-host disease, radiation colitis,
intestinal fistulas, and acquired immunodefi-
ciency syndrome [6-10, 13, 14]. Its effects on
other endocrine disorders, nonendocrine tumors,
hematologic function, immunologic function,
neurologic function, vascular disease, and a host
of other processes, including aging, are under
investigation. Lanreotide is a longer-acting depot
preparation used for acromegaly and gastroenter-
opancreatic neuroendocrine tumors. Pasireotide
is used to treat acromegaly and Cushing’s
syndrome.

The ability of octreotide to inhibit the secretion
of insulin, glucagon, and other insulin counterre-
gulatory hormones makes it a rational choice for
the treatment of poisoning due to sulfonylureas
and other drugs causing hyperinsulinemia (see

Chap. 70, “Antidiabetic Agents”). With proven
efficacy, low cost, ease of administration, and a
highly favorable safety profile, it has virtually all
the properties characterizing an ideal antidote.
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Although much more is known about the pharma-
cology of octreotide (and somatostatin), the
remainder of this chapter focuses only on
the actions relevant to the understanding and
treatment of drug-induced hyperinsulinemic
hypoglycemia.

Pharmacodynamics

Physiologically, somatostatin acts as a gastroin-
testinal and pancreatic counter-regulatory hor-
mone [1, 3, 15]. It is secreted from pancreatic
islets of Langerhans delta cells in response to
increases in blood glucose, amino acids, fatty
acids, and gastrointestinal hormones that occur
after the ingestion of food. Systemic effects
include decreased gastrointestinal and gallbladder
motility and secretory activity with consequent
slowing of the digestion and absorption of food.
Locally, somatostatin inhibits the pancreatic
secretion of insulin from islet beta cells and of
glucagon from islet alpha and intestinal alpha-like
or L cells, decreasing the uptake and use of
absorbed nutrients. Although pancreatic alpha
cells are about 50 times more sensitive to somato-
statin than beta cells, their effect on insulin secre-
tion is more prolonged than that on glucagon
secretion. Teleologically, by preventing the rapid
assimilation and consequent exhaustion of
ingested food, somatostatin lessens inequalities
between the intermittent supply and continuous
demand for nutrients, increasing the overall effi-
ciency of food processing.

Sulfonylurea drugs counteract hyperglycemia
by enhancing the release of insulin from pancre-
atic islet beta cells in response to glucose, the
principal stimulus and an essential permissive
factor for insulin secretion [3, 16, 17]. Their
mechanism of action is similar to that of high
plasma glucose concentrations: inhibition of the
pancreatic islet beta cell membrane adenosine tri-
phosphate (ATP)-sensitive potassium (K") chan-
nels leading to membrane depolarization with
consequent calcium (Ca®") influx through
voltage-sensitive Ca®" channels, mobilization of
Ca*" from the endoplasmic reticulum, increased
intracellular Ca®’, and insulin secretion.
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Fig. 1 Schematic diagram of a pancreatic beta cell show-
ing the regulation of insulin secretion. Glucose is
transported into the beta cell by a glucose-transporter pro-
tein (GLUT-2). The enzyme glucokinase (GK) initiates
glycolysis by catalyzing the transfer of phosphate from
adenosine triphosphate (ATP) to glucose, resulting in the
formation of glucose-6-phosphate (G-6-P). ATP generated
by subsequent steps in the glycolytic pathway and by the
Krebs (citric or tricarboxylic acid) cycle leads to closure of
ATP-sensitive potassium channels (K" rp) and membrane
depolarization. Membrane depolarization results in open-
ing of voltage-dependent calcium channels (Ca*yp), influx
of extracellular calcium, and subsequent release of calcium
from intracellular (endoplasmic reticulum) stores.
Increased intracellular calcium promotes the exocytosis

Sulfonylureas bind to specific receptors associ-
ated with K™ channels on the beta cell membrane,
whereas glucose generates ATP through its oxida-
tive metabolism within beta cells. Intracellular
Ca®" is the ultimate insulin secretagogue, with
increases in intracellular calcium promoting the
synthesis and release of insulin (Fig. 1).

The action of octreotide (and of somatostatin
and other analogues) on beta cell Ca*" disposition
is diametrically opposite to that of the sulfonyl-
ureas, and the mechanism is slightly different [3,
18, 19]. Octreotide binds to specific somatostatin
membrane receptors (SST receptors or SSTRs)
associated with Ca®" channels, resulting in
decreased calcium conductance, decreased intra-
cellular Ca**, and inhibition of insulin secretion.
Opening of potassium channels with subsequent

of insulin granules (Golgi vesicles) with release of insulin
into extracellular fluid and the systemic circulation.
Although the phosphorylation of glucose is a rate-limiting
step, beta cell GK has a high Michaelis constant (Ky,, the
substrate concentration at which the reaction rate is half of
the maximal value) for glucose. Glucose metabolism and
ATP production, potassium and calcium channel activity,
intracellular calcium concentration, and insulin release are
controlled primarily by the intracellular glucose concentra-
tion. Sulfonylureas (SU) inhibit potassium efflux by bind-
ing to specific receptors (SUR) associated with K" arp
channels and enhance the release of insulin. Somatostatin
(SST) and its analogues, such as octreotide, inhibit calcium
influx by binding to receptors (SSTR) associated with
Ca'yp channels, inhibiting the release of insulin

membrane hyperpolarization also may be
involved. Somatostatin receptors are coupled to
G proteins. To date, five SSTR subtypes have
been identified. Receptor affinity and selectivity
differ from one somatostatin analogue to another.
Subtypes 2 and 5 mediate insulin secretion.
Octreotide’s action does not seem to be mediated
by increased potassium efflux through K" chan-
nels [20]. Suppression of insulin secretion by
octreotide has been documented in experimental
[21-24] and’ human sulfonylurea poisoning [25,
26] (see Fig. 1).

The antidotal effects of octreotide in sulfonyl-
urea poisoning also may be due to its antagonism
of glucagon and possibly other counterregulatory
hormones. Octreotide not only inhibits the secre-
tion of glucagon in response to hypoglycemia but
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also inhibits the actions of glucagon [1, 3]. Gluca-
gon activates adenylyl cyclase, which catalyzes
the synthesis of cyclic adenosine monophosphate
(AMP), whereas octreotide inhibits this enzyme.
In the absence of octreotide, this action of gluca-
gon increases cyclic AMP levels, and this stimu-
lates glycogen phosphorylase (the rate-limiting
enzyme in glycogenolysis), inhibits glycogen
synthase, and increases intracellular Ca2+, effects
that may lead to hyperglycemia, rebound
hyperinsulinemia, and recurrent hypoglycemia
after glucose administration (see Fig. 1 and see

Chap. 70, “Antidiabetic Agents”). As with
insulin, SSTR subtypes 2 and 5 mediate glucagon
secretion [18, 19]. Octreotide has been shown to
decrease epinephrine, norepinephrine, and gluca-
gon levels in experimental models of glipizide
overdose [21].

Octreotide also is likely to be effective in
treating hyperinsulinemic hypoglycemia due to
other drugs, including insulin itself (see

Chap. 70, “Antidiabetic Agents”). One report
described improvement in glucose concentrations
after octreotide was administered to a 56-year-old
male who overdosed on insulin glargine [27]. The
meglitinides (repaglinide and nateglinide) act
similarly to sulfonylureas to increase insulin
secretion by blocking ATP-dependent potassium
channels. This leads to depolarization of the mem-
brane and facilitates calcium entry through cal-
cium channels, thereby stimulating insulin release
from the pancreatic beta cells. At least one report
described successful treatment of repaglinide-
induced hypoglycemia with octreotide [28]. Its
use has also been reported in a case of quinine-
induced hypoglcyemia [29]. Octreotide is rela-
tively inexpensive, costing less than $10 US for
a 100-pg dose.

Pharmacokinetics

Octreotide is well-absorbed after subcutaneous
administration, with peak plasma concentrations
averaging 5.2 ng/mL 0.4 h after a 100-pg dose in
healthy volunteers [11]. It is about 65% bound to
plasma lipoproteins, has a small volume of distri-
bution (approximately 0.2 L/kg), and a half-life of
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about 1.7 h, which is much longer than that of
somatostatin (1-3 min). About one third of the
dose is excreted unchanged in the urine, and the
half-life is doubled in renal dialysis patients and
the elderly. The metabolic fate of the remaining
fraction has not been determined.

Octreotide is also absorbed after oral adminis-
tration, though bioavailability is low. A 2-mg oral
dose results in peak plasma drug levels similar to a
50-pg subcutaneous dose, with the time to peak
level delayed about 1.5 h.

Contraindications and Adverse Effects

Except for hypersensitivity, there are no contrain-
dications to octreotide use [1, 3, 5-11]. Overall,
octreotide is well tolerated. As with most subcu-
taneously administered medications, burning pain
at the injection site can occur. In the three largest
studies and case series evaluating octreotide for
sulfonylurea poisoning in adults, no adverse
effects were reported among almost 40 patients
[30-32]. Similarly, a larger retrospective study in
pediatric patients reported no adverse effects in
121 patients [33]. There are a few scattered reports
of adverse effects temporally related to octreotide
administration for sulfonylurea poisoning, but a
cause-and-effect association is unclear. A pediat-
ric patient developed hypertension and apnea
30 min after administration of octreotide; the
dose was not reported [34]. Hyperkalemia and
worsening heart failure have each been reported
once, both in adult patients [35, 36]. When used
for congenital diseases such as acromegaly and
hyperinsulinism, octreotide has been associated
with  cases of drug-induced hepatitis
[37—40]. However, there may have been other
contributing factors and the hepatitis occurred
after prolonged use in each case. Hepatitis has
not been reported with the short-term therapeutic
use of octreotide for sulfonylurea overdose.
Octreotide has been used in all age groups,
including neonates and pregnant women. Although
no adverse effects on fertility or fetal development
have been noted in experimental animals, because
octreotide has not been studied extensively in
pregnant women, it has a Food and Drug
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Administration category B use-in-pregnancy rating
(no evidence of risk in humans; the chance of fetal
harm is remote but remains a possibility).

Treatment

There have been numerous case reports, case
series, retrospective studies, and even randomized
controlled trials examining octreotide for sulfo-
nylurea poisoning. Both pediatric and adult
populations have been studied. One of the earliest
studies demonstrated that a continuous octreotide
infusion (30 ng/kg/min or 126 pg/h for a 70-kg
person) was effective in lessening the severity of
hypoglycemia in nondiabetic human volunteers
(n = 8) who ingested a large dose of glipizide
(1.45 mg/kg) [21]. This therapy reduced the
need for exogenous glucose in all subjects and
entirely eliminated it in half. It was also found
that without octreotide, some patients experienced
recurrent hypoglycemia up to 30 h following
glipizide ingestion.

Pediatric Patients

There are at least 10 published reports of
octreotide use in pediatric patients [33, 34,
43-50]. Fifteen children are discussed in nine
small studies [34, 43-50]. Ages ranged from 1 to
17 years with most under age 6 years. Fourteen of
the 15 children ingested second-generation sulfo-
nylureas (eight glipizide and six glyburide or
glibenclamide); the drug was not reported in the
remaining case. Octreotide was generally admin-
istered after intravenous (IV) 10-50% dextrose
boluses and infusions failed to correct hypoglyce-
mia or maintain euglycemia. The dose range of
octreotide was 0.51-2.5 pg/kg IV or SC; most
patients received octreotide 1-1.5 pg/kg
IV. Octreotide resulted in correction of the serum
glucose concentration in all 15 patients and recur-
rent hypoglycemia was observed in eight. Seven
patients received additional octreotide doses as [V
boluses or infusion. Time to recurrent hypoglyce-
mia after octreotide administration ranged from
6to 17 h.
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One group retrospectively examined 9 years of
the American Association of Poison Control Cen-
ters’ National Poison Data System to evaluate
octreotide as an antidote for sulfonylurea over-
dose in children younger than 6 years of age
[33]. One hundred twenty one cases were identi-
fied in which a child ingested a sulfonylurea and
experienced at least one episode of hypoglycemia
(median age 22 months). Prior to octreotide
administration, the median glucose concentration
was 44 mg/dL (range 2—62 mg/dL). Glipizide was
the most frequently ingested sulfonylurea
accounting for 70% of cases. Though octreotide
doses were not recorded, the number of hypogly-
cemic episodes before octreotide (median, 2) was
significantly higher than after octreotide (median,
0; P < 0.0001). After octreotide, 99 of 121 had
no further hypoglycemic episodes. Twenty-two
children experienced a hypoglycemic episode
after the first dose of octreotide, occurring at a
median time of 5 h (range, 1-25 h) after adminis-
tration. Further details about these cases were not
reported.

Adult Patients

At least 16 published reports describe octreotide
use for sulfonylurea poisoning in adults [25,
30-32, 35, 36, 41, 42, 51-58]. Thirteen case
reports (16 patients) described exposures to first
and second generation sulfonylureas, with
10 identified as glyburide/glibenclamide or
glipizide [25, 35, 36, 41, 42, 51-58]. The most
common dose of octreotide was 50 pg subcuta-
neously, followed by 50 pg subcutaneously
every 6—12 h for 2—-3 doses. A 100 pg subcuta-
neous dose was also used in a few cases,
followed by 50-100 pg subsequent doses. Two
patients were treated with octreotide by continu-
ous IV infusion (30 ng/kg/min for 13 h, and
50 pg/h). Five patients developed recurrent
hypoglycemia 2-9 h after octreotide was admin-
istered. Six patients had serum insulin or
C-peptide levels measured during hypoglyce-
mia; all were elevated. Three of the six had repeat
levels drawn after octreotide administration; all
had decreased.
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Six adult patients were reported in a case
series, all of which experienced hypogly-
cemia after therapeutic doses of sulfonylureas
(4 glimepiride, 1 glyburide, and 1 glipizide) [32].
Intermittent IV administration of 50% dextrose
did not result in a sustained and adequate blood
glucose response. The patients were treated with
octreotide 50 pg subcutaneously every 8 h, receiv-
ing 2—4 doses. Half experienced recurrent hypo-
glycemia after initial octreotide administration.
Three patients had serum insulin and C-peptide
levels measured during hypoglycemia; all were
elevated and decreased after octreotide. Nine
adult patients were retrospectively reviewed after
ingestion of a sulfonylurea (6 glyburide and
3 glipizide) [30]. The initial octreotide dose was
40-100 pg subcutaneously, followed by
40-100 pg subcutaneously every 6-12 h, 2-3
doses in six patients and 125 pg/h IV for 9 h in
one patient. There were 3.2 hypoglycemic events
per patient recorded before octreotide compared
to 0.2 per patient after octreotide (p = 0.008).
There were 72.5 g of 50% dextrose administered
before octreotide compared to 5 g after octreotide
(p = 0.004). Two patients had recurrent hypogly-
cemia, one 14 h after octreotide and the other 36 h
after octreotide. In the first patient, hypoglycemia
occurred more than 30 h after the ingestion of
glyburide. The second patient experienced recur-
rent hypoglycemia 40 h after ingestion of
extended-release glipizide. Both were beyond
the duration of effect of octreotide.

One randomized, double-blind, placebo con-
trolled trial exists evaluating the efficacy of
octreotide in sulfonylurea poisoning [31]. In addi-
tion to standard dextrose therapy, 22 patients
received octreotide 75 pg subcutaneously after
sulfonylurea-induced hypoglycemia. Eighteen
patients served as controls and received placebo
in addition to standard dextrose therapy. The
mean glucose values for octreotide patients com-
pared with placebo were consistently higher dur-
ing the first 8 h but showed no difference in
subsequent hours. The mean glucose difference
in the octreotide group versus placebo was
56 mg/dL in hours 1-3 after administration and
127 mg/dL in hours 408. Ten octreotide-treated
patients experienced recurrent hypoglycemia

B.D. Hayes

compared with six patients in the control
group. Only one dose of octreotide was adminis-
tered. All patients were admitted to the hospital
and monitored for recurrent hypoglycemia for at
least 24 h.

Indications for octreotide treatment are not
well defined. Although it is generally agreed that
octreotide is indicated for recurrent hypoglycemia
due to sulfonylurea poisoning, whether it should
be given after the first episode of hypoglycemia is
unclear. Doing so is reasonable in patients who are
likely to develop further episodes (e.g., patients
with large or intentional overdoses or children
with an unsupervised ingestion of an unknown
amount), but it may prolong unnecessarily the
period of observation for patients who are not
(e.g., patients with therapeutic misadventures).
As always, the reliability of the history must be
assessed when making such decisions. Given that
the overdose history is often inaccurate, incom-
plete, or unobtainable, we prefer to reserve treat-
ment for patients with a documented second
episode of hypoglycemia (Grade III recommen-
dation). Treatment recommendations for these
patients are discussed in detail in » Chap. 70,
“Antidiabetic Agents.”

Administration

Based on clinical experience and the available
data, a subcutaneous dose of 1-2 pgkg
(50-100 pg in adults) every 6—8 h can be expected
to be effective for the treatment of sulfonylurea-
induced hypoglycemia (Grade II-2 recommenda-
tion). A continuous IV infusion of the same dose
on an hourly basis also is likely to be effective. [V
administration is more expensive and more diffi-
cult to prepare and administer (and more suscep-
tible to dosing errors). Because there is no
evidence that this route and method of dosing
are superior or necessary, we recommend inter-
mittent subcutaneous dosing as the preferred treat-
ment regimen. For adult patients, we recommend
100 pg subcutaneously every 6 h (GRADE I rec-
ommendation). For pediatric patients, we recom-
mend 1.5 pg/kg subcutaneously every 6 h (Level
of Evidence 1I-3) (Table 1).


http://dx.doi.org/10.1007/978-3-319-17900-1_112
http://dx.doi.org/10.1007/978-3-319-17900-1_112

156 Octreotide 2903
Table 1 Octreotide dose recommendations with associated GRADE ratings
GRADE

Population | Dose Supporting studies rating
Pediatric 1-1.5mcg/kg | Case reports, case series, and one large retrospective review of national 1I-3

subcut poison center data [33, 34, 43-50]
Adult 50-100 mcg 13 case reports, 2 case series, and one randomized, placebo, controlled trial |1

subcut [25,30-32, 35, 36, 41, 42, 51-58]

Octreotide is administered parenterally for the
treatment of hyperinsulinemic hypoglycemia due
to drug overdose. Solutions containing 50 pg/mL,
100 pg/mL, 200 pg/mL, 500 pg/mL, or 1000 pg/
mL are available for subcutaneous injection or
intravenous infusion. Long-acting, sustained-
release preparations containing 10 mg/2 mL,
20 mg/2 mL, or 30 mg/2 mL for intramuscular
(intragluteal) injection at monthly intervals (e.g.,
Sandostatin LAR Depot) are used for the treat-
ment of chronic conditions. No oral formulations
of octreotide are commercially available. Similar
doses to the above are likely effective for the
treatment of other drug-induced states of hyperin-
sulinism (see » Chap. 70, “Antidiabetic Agents”),
but there is little experience with its use in this
setting.
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