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CLINICAL REVIEW

Prehospital Management of Hypoglycemic Emergencies:

Evidence-Based Review for Collegiate-Based Emergency Medical Services

Elizabeth V. Woodburn, BS, NREMT & Paul S. Rostykus, MD, MPH, FAEMS

ABSTRACT

Treatment of hypoglycemic emergencies may present a unique challenge to collegiate-based emergency

medical services providers due to variations in patient presentations and available management options.
While hypoglycemia can occur in a variety of settings, it is most commonly a complication of the treat-
ment of diabetes. As the prevalence of diabetes in the general population continues to increase, providers
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are more likely to encounter patients experiencing hypoglycemic emergencies, necessitating familiarity

with relevant protocols and treatment. This review discusses the pathophysiology and presentation of
hypoglycemic emergencies, as well as assessment and treatment options across different scopes of practice
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for emergency medical services providers. Additional recommendations are provided for collegiate-based

agencies regarding training and prevention.

ollegiate-based emergency medical services (CBEMS) pro-
viders must be vigilant in searching for potential causes of
altered mental status in patients who appear to be intoxi-
cated. Despite the high prevalence of alcohol usage in young adults,
estimated at approximately 57% of those aged 18 to 25,! hypoglyce-
mia is one of the most common causes of altered mental status in the
prehospital setting.? It is most often a complication of medications
used to treat diabetes mellitus (“diabetes”); hypoglycemia may also
occur acutely in the setting of reduced food intake in non-diabetics,
and other less common causes include alcohol consumption, critical
illnesses such as organ failure or sepsis, hormone deficiency, nonislet
cell tumors, and endogenous hyperinsulinism.?> Concern for hypo-
glycemic emergencies is increasingly relevant — the prevalence of di-
abetes continues to increase globally* and, as of 2015, the prevalence
of diabetes in the United States in the 18-44 age group is estimated
at 2.6%.°
Type 1 diabetes mellitus (TIDM) results from the destruction of
insulin-producing beta cells, which is typically immune-mediated,
requiring patients to administer insulin subcutaneously via intermit-
tent injection or insulin pump infusion in order to maintain normal
blood sugar levels (euglycemia). These insulin doses are calculated
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by the patient or the device to accommodate the intake of carbohy-
drates. TIDM accounts for approximately 5-10% of diabetes cases
across all age groups.” While recent data is lacking, trends show that
the incidence of T1IDM in youth ages 0-19 is increasing.® It is esti-
mated that over 53,000 students with T1DM attend college in the
United States.”

Type 2 diabetes mellitus (T2DM) is characterized by chronically
elevated blood glucose levels and is thought to occur as a result of
the interaction of genetic and lifestyle-related factors. It is primarily
characterized by insulin resistance in various tissues, necessitating
abnormally high insulin levels in order to maintain euglycemia, and
T2DM may be further complicated by abnormal insulin secretion.
T2DM can be managed by a wider variety of medications; prima-
ry treatment involves oral metformin therapy and lifestyle changes.
These can be supplemented with other medications including insu-
lin or insulin secretagogues, which increase insulin secretion from
functional beta cells.®?

Even with a history of good glycemic control, the process of
adapting to a college environment presents unique challenges to
the student with diabetes that can lead to an increased risk of hy-
poglycemia.”!* In addition to changing daily routines, living away
from home typically decreases the amount of diabetes management
support and oversight provided by family members, who may be
accustomed to frequently reminding the patient to check their blood
sugar or asking about recent management trends.

The purpose of the current review is to discuss the pathophysiol-
ogy and varied patient presentations of hypoglycemic emergencies,
and to examine variations in the scope of practice of EMS providers
when responding to hypoglycemic emergencies. We also explore the
implications of assessment and treatment protocols for CBEMS pro-
viders and organizations. While recent hypoglycemia research has
tended to focus on variations in treatment protocols for providers
at the Intermediate Life Support (ILS) or Advanced Life Support
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Learning Objectives

Understand the pathophysiology of hypoglycemic

emergencies.
Recognize the varied clinical presentations of hypoglycemia.

Discuss evidence-based treatment guidelines for campus
EMS providers at the BLS and ALS levels.

Identify recent revisions in scope of practice and areas in
need of further research.

(ALS) level, less than 13% of registered CBEMS agencies operate
at these levels of service.!! We therefore place considerable attention
on the critical role of Basic Life Support (BLS) providers and their
expanding scope of practice for hypoglycemic emergencies. Since
prehospital identification and treatment of severe hypoglycemia can
improve patient outcomes and conserve healthcare resources by po-
tentially reducing the need for transport to the emergency depart-
ment,'? review of prehospital hypoglycemia management is worthy

of attention.

National Model Guidelines

Recently, an increased focus has been placed on developing evidence
or consensus-based guidelines and models in order to promote qual-
ity care and consistent practice in the EMS community on a nation-
al scale. In this review, we explore two such documents in reference
to prehospital hypoglycemia management: the National Model EMS
Clinical Guidelines”® and the National EMS Scope of Practice Mod-
51'14-16

‘The National Model EMS Clinical Guidelines are developed by
the Medical Directors Council of the National Association of State
EMS Ofhicials (NASEMSO). The Guidelines — based on the best
available evidence and expert consensus, in the absence of sufficient
evidence — provide a standardized model set of guidelines for patient
care that can be adapted for use by leadership at the state, region-
al, or local level. The first version of the Guidelines was released by
NASEMSO in 2014, and the current version (Version 2.1) was re-
leased in 2017 and updated in 2018.%

The National EMS Scope of Practice Model is also prepared by
NASEMSO based on the scientific literature and, as necessary, ex-
pert opinion. !¢ The Practice Model is not a regulatory document but
serves as a uniform model and resource to assist individual states
in defining the scope of practice of EMS providers in each state
— the legal limits of the duties and services that providers at each
level (eg, Emergency Medical Technician (EMT) vs. Paramedic)
may perform.'® The Practice Model was initially released in 2007,
and revised to accommodate new evidence in order to create the
2018 National EMS Scope of Practice Model.'® As of January 2019,
a pre-publication draft of the 2018 Practice Model is publicly avail-
able,'®but the document is only considered "in effect" once official-

ly approved and published by the National Highway Traflic Safety
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Administration (NHTSA)'7; however, in 2017, select revisions were
incorporated into the 2007 Practice Model.” Although the National
Model EMS Clinical Guidelines and the National EMS Scope of Prac-
tice Model have been implemented to promote uniformity in prac-
tice, it is essential that providers refer to their State's scope of prac-
tice regulations as well as state, regional, and local clinical protocols.

Key Points

Hypoglycemia is defined as a blood glucose measurement
below 60 mg/dL in NASEMSQO's National Model EMS
Clinical Guidelines.

Hypoglycemia may occur as a complication of diabetes
treatment, although causes are varied.

Identification of hypoglycemia requires a thorough patient
history and physical examination, including measurement of
blood glucose levels per state/local protocols.

Treatment options include oral glucose, dextrose, and
glucagon. Providers must be aware of all developments in
their state/local protocols regarding treatment options.

Clinical Definitions & Mechanisms

Hypoglycemia is defined as a blood glucose measurement below 70
mg/dL by the American Diabetes Association (ADA)? and below 60
mg/dL in NASEMSO's National Model EMS Clinical Guidelines."
Severe hypoglycemia refers to a hypoglycemic event that a patient is
unable to self-treat without assistance.'® A patient’s ability to detect
the onset of a hypoglycemic episode by identifying the presence of
symptoms, rather than obtaining a low blood glucose measurement,
is referred to as hypoglycemic awareness. Impairment of this aware-
ness — also referred to as hypoglycemia-associated autonomic fail-
ure® — results from deficiencies in counter-regulatory mechanisms,
thereby compromising a patient's ability to identify and treat early
hypoglycemia before it progresses to a severe episode.”

Glucose regulation is a complex process by which the body ad-
justs to variations in glucose supply and demand in order to main-
tain euglycemia, or normal blood sugar levels (Figure 1). In healthy
individuals, endocrine tissue in the pancreas reacts to variations in
blood glucose by adjusting secretion of the regulatory peptide hor-
mones insulin and glucagon. Insulin, secreted by beta cells, decreases
blood glucose levels by inducing cells in various tissues to increase
their glucose uptake. Glucagon, secreted by alpha cells, works to
increase the concentration of glucose in the blood by stimulating
the liver to break down stored glycogen and activate gluconeogene-
sis, the process by which the body synthesizes glucose from organic
molecules.

Hypoglycemia can occur in otherwise healthy individuals when
this process is stressed by abnormal conditions, such as prolonged
fasting or intense exercise, or in pathological states, such as diabetes.
Treatment of diabetes with insulin or insulin secretagogues, such
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Figure 1. Basic physiological process of glucose regulation.
Image courtesy of National Institute of Diabetes and Di-
gestive and Kidney Diseases, National Institutes of Health.

as sulfonylureas, are the most common causes of hypoglycemia.?
Over-administration of insulin can lead to rapid hypoglycemia and
may occur, for example, when a patient overestimates the amount
of carbohydrates in a meal or fails to eat as much as anticipated.
Hypoglycemia often occurs during or shortly after exercise in pa-
tients treated with insulin, making unplanned exercise or strenuous
physical activity a particular challenge for the patient with diabetes.?

The normal counter-regulatory response to hypoglycemia relies
on decreased insulin secretion and activation of glucagon-producing
alpha cells, as well as sympathoadrenal activation.? This response is
impaired in patients with TIDM. Even if the patient with TIDM
recognizes hypoglycemia and halts or reduces insulin delivery, in-
sulin already delivered will remain active in the body even as blood
glucose levels continue to decrease. The ability of the pancreas to de-
tect hypoglycemia and increase glucagon secretion is also impaired,
thus compromising the pancreas's ability to restore normal glucose
levels by activating glycogen stores.?* Alcohol intake has been shown
to further increase the risk of hypoglycemia, likely through impair-
ment of gluconeogenesis, the counter-regulatory response, and hy-
poglycemia awareness.?!

Clinical Presentation & Assessment

Although data on causes of altered mental status are mostly derived
from emergency department data, a patient may present with altered
mental status in the prehospital setting as a result of a neurologic,
toxicologic, diabetic, or infectious condition.? The National Model
EMS Clinical Guidelines for hypoglycemia management apply when
a patient meets one or more of the following inclusion criteria: al-
tered mental status, stroke symptoms, seizure, appearance of intoxi-
cation, suspected pediatric alcohol ingestion, history of diabetes, or
a blood glucose level less than 60 mg/dL.*?

Patients and providers alike can confirm hypoglycemia with a
blood glucose measurement, usually obtained from a fingerstick
blood sample, using a portable glucometer. The 2007 National EMS
Scope of Practice Model includes blood glucose monitoring within the
scope of practice of Advanced EMTs (AEMTs) and higher,' but the
2018 Practice Model includes the skill within the scope of practice of
EMTs and higher.'® A study published in 2018 revealed that most
states do allow EMTs to measure blood glucose.?? In the absence of a
blood glucose reading, local EMS protocols may allow for treatment
of presumed hypoglycemia based on the presence of clinical symp-
toms in a patient with diabetes treated with insulin.??

Providers should also be familiar with continuous glucose mon-
itoring systems, which are implantable devices that allow patients
with diabetes to obtain estimated blood glucose values as often as ev-
ery few minutes. Implanted continuous monitors can provide useful
information to patients about blood glucose trends. Between 2012
and 2017, continuous glucose monitor use rose from 7% to 28%
across all age groups.* EMS providers should expect to encounter
these systems more frequently as their popularity grows and recog-
nize that the estimated glucose values these devices generate should
be confirmed with a fingerstick glucometer determination.

Early recognition and treatment are critical in preventing nega-
tive outcomes such as confusion, seizures, coma, or death. Specific
signs and symptoms can be categorized as neuroglycopenic, caused
by glucose deprivation in the brain, or autonomic, triggered by sym-
pathoadrenal activation (Table 1).8%

The signs and symptoms are not exclusive to hypoglycemia, de-
manding that EMS providers carefully consider alternate correct-
able causes of the patient's condition. In particular, a patient with
alcohol or other drug intoxication, head injury, infection, stroke,

Table 1. Common signs and symptoms of hypoglycemia.®*

Neuroglycopenic Autonomic

e Confusion *  Sweating

*  Lethargy/Drowsiness *  Dalpitations

e Dizziness e Anxiety

e Combativeness/ *  Nausea/Vomiting
Agitation e  Tremor

* Difficulty speaking

*  Inability to concentrate
*  Focal neurologic deficits
e Seizure

*  Unresponsiveness
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seizure, or mental illness may also present with altered mental status
and other comparable signs and symptoms.? Individual experiences
of hypoglycemia vary by patient, such that the appearance of cer-
tain symptoms or degrees of altered mental status do not univer-
sally appear at defined blood glucose levels.'® In addition to blood
glucose monitoring, patient assessments should include a secondary
survey of findings pertinent to hypoglycemia, including the presence
of an insulin pump, tachycardia and hypotension, sunken eyes and
dry mucus membranes from dehydration, or tongue bite from sei-
zure. Neurological assessment should include Glasgow Coma Score
(GCS), mental status, and focal motor or sensory deficits.'

Guidelines for Treatment

For a patient confirmed to be hypoglycemic, several options for
prehospital treatment exist: oral glucose, intravenous (IV) or in-
traosseous (IO) dextrose, and intramuscular (IM) or intranasal (IN)
glucagon. Despite treatment recommendations being based on the
National Model EMS Clinical Guidelines,"”® readers should always
consult local protocols and medical direction.

Oral Glucose

When the patient is conscious and capable of protecting their air-
way, oral glucose administration is often the most appropriate treat-
ment for hypoglycemia. Certain state or local protocols may also
permit the administration of small amounts of oral glucose between
the cheeks and gums of a patient who cannot swallow but who has
an intact gag reflex.”® Both the 2007 and 2018 National EMS Scope
of Practice Models include administration of oral glucose within the
scope of practice of EMTs and higher.'*'® The National Model EMS
Clinical Guidelines recommend administration of 25 g to adults and
0.5-1 g/kg to pediatric patients when blood glucose is less than 60
mg/dL."> Administration of oral glucose can be repeated if hypogly-
cemia persists.* ADA treatment guidelines for patients with diabetes
recommend administration of 15-20 g of oral glucose when blood
glucose is <70 mg/dL,” which is equivalent to approximately 8 ounc-
es of orange juice. EMS agencies commonly utilize prepackaged dos-
es of glucose gel due to its ease of administration, extended shelf life,
and cost of only a few dollars; glucose tablets or sugary foods such as
cake icing may also be used.'?

Dextrose
In situations where oral administration is contraindicated, intrave-
nous (IV) dextrose (D-glucose) solutions and, per local protocols,
intraosseous (IO) dextrose are alternative treatment options for in-
creasing blood glucose levels. While these methods of delivery are
fast-acting, difficulties in establishing access due to complex presen-
tation (eg, reduced IV access in the setting of dehydration) or pro-
vider inexperience may delay treatment. Both the 2007 and 2018
National EMS Scope of Practice Models include establishment of IV
or IO access within the scope of practice of AEMTs and Paramed-
ics.'® Dextrose should be administered in incremental doses until
patient mental status improves with a maximum dose of 25 g for
adults and 0.5-1 g/kg for pediatrics. Since most collegiate-based
EMS agencies operate at the BLS level," dextrose is not commonly
utilized in this setting.

Further variations in local protocols and usage exist regarding
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the strength of dextrose solution indicated. In a 2016 survey of pro-
tocols from EMS agencies across the United States, 70% of proto-
cols specified 50% dextrose (D50) solution in adult hypoglycemic
patients, 8% specified 10% dextrose solution (D10), and the re-
maining 22% of protocols permitted the use of either.” The Nation-
al Model EMS Clinical Guidelines suggest that a concentration of
no more than 25% be used in children less than 8 years old, and no
more than 12.5% in neonates and infants less than 1 month old."”
D10 solution is becoming more commonly used due to its lower
risk of tissue necrosis should extravasation occur, diminished risk
of hyperglycemia due to overcorrection of hypoglycemia, and lower
cost relative to D50.% Recent observational cohort studies of patients
receiving D10%* and a randomized controlled trial comparing
D10 and D50 have demonstrated that D10 administration is safe
and effective for adults. Although data is limited, in the randomized
controlled trial there were no significant differences between median
post-treatment GCS, time to recovery, or the proportion of patients
experiencing another hypoglycemic episode within 24 hours of
treatment.*® Using D10 exclusively also eliminates the need to dilute
D50 for use in pediatric patients in order to prepare a solution with
lower risk of vascular injury.® This may be particularly advantageous
for CBEMS providers who may have less familiarity with pediatric
protocols and dilution calculations.

Glucagon

In the absence of venous access, including the inability to obtain it
due to limited scope of practice, most agency protocols allow for us-
age of intramuscular (IM) glucagon to treat hypoglycemia.?” Nausea
and vomiting have been reported as side effects, but the risk is small
and may occur due to hypoglycemia regardless of glucagon adminis-
tration.'® The National Model EMS Clinical Guidelines recommend
a dose of 1 mg for adults and pediatric patients who weigh at least
20 kg (or greater than 5 years of age), and 0.5 mg for those under
20 kg (or less than 5 years of age).’> ADA treatment guidelines for
patients with diabetes recommend that all persons at risk for severe
hypoglycemia should be prescribed IM glucagon, and that caregiv-
ers or family members should know how to administer it.” As such,
EMS providers may find that the patient’s own prescribed glucagon
is present on scene and local protocols may allow use of the patient’s
own medication.

Glucagon releases glucose from internal stores of glycogen but
does not provide an external supply of glucose as oral or hypertonic
glucose do. This reduces its effectiveness in patients who have deplet-
ed their glycogen stores during a recent period of alcohol consump-
tion, fasting, or low carbohydrate intake, as well as in malnourished
patients or frequent users of alcohol.'?'33 Hypoglycemic patients
treated with glucagon will usually require transport to and addition-
al evaluation in the emergency department or appropriate medical
facility. While administration of IV glucose has been shown to lead
to faster recovery from hypoglycemia, utilizing IM glucagon instead
may cause a more stable rise in blood sugar.?>%

As per both the 2007 and 2018 National EMS Scope of Practice
Models, the IM route of medication administration is only with-
in the scope of practice of AEMTs and Paramedics.'® Although IM
glucagon is typically administered via a glucagon kit that contains a
syringe and vial,” intranasal (IN)* and auto-injector IM¥ formu-
lations for glucagon have undergone phase 3 clinical trails —as of
2017, unit dose, premeasured, IN or auto-injector IM medications



Clinical Review

are also within the scope of practice of EMTs and even emergency
medical responders (EMRs).!>'¢

According to a study published in 2018, that includes data
obtained from state EMS offices, only 8 states allow EMTs to ad-
minister glucagon.”” As a point-of-comparison, a 2017 study found
that 13 states allow EMTs to administer IM epinephrine via syringe
epinephrine kits instead of epinephrine auto-injectors.® Expansion
of state protocols regarding glucagon administration and future
commercial availability of novel auto-injector and IN glucagon ad-
ministration devices may allow for more widespread administration
of glucagon in the prehospital setting. However, additional training
would be necessary to ensure that glucagon is administered safely
and effectively by EMTs or EMRs. The cost of glucagon also needs
to be considered when evaluating options for increasing access to
glucagon, particularly in the collegiate setting. At an average cost of
$212 per 1 mg dose* and shelf life of 24 months from the date of
manufacture,® stocking glucagon can significantly impact an EMS
agency’s finances, and novel auto-injector or IN devices may be ex-
pensive.

Reassessment & Transport

After treatment has been administered, reassessment of the patients
vital signs and mental status is essential. National clinical guidelines
suggest that repeat blood glucose monitoring should be performed
if hypoglycemia and altered mental status persist but is not needed
if mental status has returned to normal. If a maximal field dosage of
dextrose solution has been administered and the patient does not
achieve normal blood glucose levels and mental status, transport to
an appropriate facility should be initiated while alternative causes of
altered mental status are investigated.'?

A recently published study, relying on 2013 data from the Na-
tional EMS Information System (NEMSIS) and additional national
surveys, found that approximately 20% of patients who are treated
for hypoglycemia in the prehospital setting are not transported from

the scene.'? Although recent data is lacking, several studies suggest
that non-transport can be safe, particularly in the context of struc-
tured "treat and release” protocols.** The National Model of EMS
Clinical Guidelines states that if hypoglycemia resolves after treat-
ment, release without transport may be considered if all eight condi-
tions are met (Table 2). Providers should follow relevant protocols
to facilitate the transfer of patients to higher levels of care when
needed, including in cases of hypoglycemia that fail to respond to
treatment.

Continued research may further identify patients who may have
poor outcomes without transport to the emergency department.
Further research is also needed to determine whether college stu-
dents with diabetes are at a greater short term risk for repeat ep-
isodes of severe hypoglycemia after prehospital treatment without

transport.

Conclusions

CBEMS providers may be likely to encounter hypoglycemic emer-
gencies and must be knowledgeable of assessment strategies and ap-
propriate treatment options. Hypoglycemia presents an opportunity
where early identification and treatment can lead to a relatively rapid
reversal of symptoms and prevention of negative and fatal outcomes.
Furthermore, the expansion of the EMT scope of practice to include
blood glucose measurement and, variably, IM glucagon administra-
tion increases the resources available to providers for managing these
scenarios. Implementing protocols based on evidence-based national
guidelines, when available, promotes greater quality and consistency
between EMS organizations.

Collegiate EMS supervisors, training officers, and scholars can
also promote prevention and quality management of hypoglycemic
emergencies through the development of novel trainings, public
health inidatives, and research projects. We recommend that colle-
giate EMS agencies participate in training scenarios involving cases

Table 2. Requisite criteria for non-transport of hypoglycemic patients, as recommended by national clinical guidelines."

"Treat and Release" Criteria*

1. Repeat glucose is greater than 80 mg/dL.

2. DPatient takes insulin or metformin to control diabetes.

3. Patient returns to normal mental status, with no focal neurologic signs/symptoms after receiving glucose/dextrose.

4. Datient can promptly obtain and will eat a carbohydrate meal.

5. Patient or legal guardian refuses transport and EMS providers agree that transport is not indicated.

6. A reliable adult will be staying with the patient.

7. No major co-morbid symptoms exist, such as chest pain, shortness of breath, seizures, or intoxication.

8. A clear cause of the hypoglycemia is identified (eg, missed meal).

*All criteria must be met in order for patient to be released from medical care without transport to the emergency department.
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of altered mental status that include hypoglycemia, and practice with

in-service glucometer models when included in protocols. Agencies
could also participate in public health outreach by working with
campus health services to promote awareness and to increase the

number of students wearing identification bracelets for medical con-
ditions, especially TIDM. Further research is also needed to estab-
lish the prevalence of T1IDM and T2DM in collegiate populations,
as well as the frequency of hypoglycemic emergencies encountered
by CBEMS agencies.

References

1.

10.

11.

12.

13.

14

Center for Behavioral Health Statistics and Quality, Substance Abuse and
Mental Health Services Administration. Key Substance Use and Mental
Health Indicators in the United States: Results from the 2016 National Survey
on Drug Use and Health. https://www.samhsa.gov/data/report/key-substance-
use-and-mental-health-indicators-united-states-results-2016-national-survey.

Published September 2017. Accessed February 7, 2019.

Sanello A, Gausche-Hill M, Mulkerin W, et al. Altered Mental Status: Current
Evidence-based Recommendations for Prehospital Care. West J Emerg Med.
2018;19(3):527-541. https://doi.org/10.5811/westjem.2018.1.36559

Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and Management
of Adult Hypoglycemic Disorders: An Endocrine Society Clinical Practice
Guideline. / Clin Endocrinol Metab. 2009;94(3):709-728. https://doi.
org/10.1210/jc.2008-1410

Mafh P, Secchi A. The Burden of Diabetes: Emerging Data. Dev Opthamology.
2017;60:1-5. https://doi.org/10.1159/000459641

National Center for Chronic Disease Prevention and Health Promotion,
Center for Disease Control and Prevention. National Diabetes Statistics
Report, 2017. heeps://www.cdc.gov/diabetes/pdfs/data/statistics/national-
diabetes-statistics-report.pdf. Published 2017. Accessed February 7, 2019.

Mayer-Davis EJ, Lawrence JM, Dabelea D, et al. Incidence Trends of
Type 1 and Type 2 Diabetes among Youths, 2002-2012. N Engl ] Med.
2017;376(15):1419-1429. https://doi.org/10.1056/NEJMoal610187

Monaghan M, King MM, Alvarez V, Cogen FR, Wang J. Changes in Type 1
Diabetes Health Indicators from High School to College. J Am Coll Health.
2016;64(2):157-161. hteps://doi.org/10.1080/07448481.2015.1068780

Jalili M, Niroomand M. Type 2 Diabetes Mellitus. In: Tintinalli JE,
Stapczynski S, Ma O], Yealy DM, Meckler GD, Cline DM, eds. Tintinallis
Emergency Medicine. 8" ed. New York, NY: McGraw-Hill Education; 2016.

Association AD. Standards of Medical Care in Diabetes—2018 Abridged
for Primary Care Providers. Clin Diabetes. 2018;36(1):14-37. https://doi.
org/10.2337/cd17-0119

Mellinger DC. Preparing Students With Diabetes for Life at College. Diabetes
Care. 2003;26(9):2675-2678. https://doi.org/10.2337/diacare.26.9.2675

National Collegiate Emergency Medical Services Foundation. United States
EMS Organizations. https://www.ncemsf.org/resources/ems-organization-
database/groups-listed-by-region/united-states-ems-organizations. Accessed
December 12, 2018.

Kaufmann M, Nelson D, Kaushik P, Mann N, Mitchell B. Hypoglycemia
Emergencies: Factors Associated with Prehospital Care, Transportation Status,
Emergency Department Disposition, and Cost [published online ahead of
print November 2, 2018]. Prehosp Emerg Care. 2018. https://doi.org/10.1080/
10903127.2018.1528322

Medical Directors Council, National Association of State EMS Officials.

National Model EMS Clinical Guidelines: Version 2.1. https://nasemso.
org/wp-content/uploads/National-Model-EMS-Clinical-Guidelines-2017-

JCEMS - Volume 2 - Issue 1 - February 2019

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Version2.1-29June2018-1.pdf. Published September 7, 2017. Updated June
29, 2018. Accessed February 7, 2019.

National Highway Traffic Safety Administration. 2007 National EMS Scope
of Practice Model. https://www.ems.gov/education/EMSScope.pdf. Published
February 2007. Accessed February 7, 2019.

National Highway Traffic Safety Administration. 2007 National EMS Scope
of Practice Model: Including Change Notices 1.0 and 2.0. https://www.ems.
gov/pdf/2017-National-EMS-Scope-Practice-Mode_Change-Notices-1-and-2.
pdf. Published December 2017. Accessed February 7, 2019.

National Highway Traffic Safety Administration. 2018 National EMS Scope
of Practice Model: Prepublication Display Copy. https://nasemso.org/wp-
content/uploads/Prepublication-Display-Copy-2018-National-EMS-Scope-of-
Practice-Model-20180929.pdf. Published September 2018. Accessed February
7,2019.

National Association of State EMS Officials. EMS Scope of Practice. hteps://
nasemso.org/projects/ems-scope-of-practice/. Accessed February 7, 2019.

Kedia N. Treatment of severe diabetic hypoglycemia with glucagon: an
underutilized therapeutic approach. Diabetes Metab Syndr Obes. 2011;4:337-
346. https://doi.org/10.2147/DMS0.520633

Igbal A, Heller S. Managing hypoglycaemia. Clin Endocrinol Metab.
2016;30(3):413-430. hteps://doi.org/10.1016/j.beem.2016.06.004

Tesfaye N, Seaquist ER. Neuroendocrine Responses to Hypoglycemia.
Ann N'Y Acad Sci. 2010;1212:12-28. heeps://doi.org/10.1111/j.1749-
6632.2010.05820.x

Tetzschner R, Norgaard K, Ranjan A. Effects of alcohol on plasma glucose and
prevention of alcohol-induced hyopglycemia in type 1 diabetes- A systematic
review with GRADE. Diabetes Metab Res Rev. 2018;34(3):€2965. https://doi.
org/10.1002/dmrr.2965

Kahn P, Wagner N, Gabbay R. Underutilization of Glucagon in the
Prehospital Setting. Ann Intern Med. 2018;168(8):603-604. https://doi.
org/10.7326/M17-2222

Carle Regional EMS. Protocols: Adult Medical Emergencies. https://carle.org/
locations/carle-foundation-hospital/emergency-services/regional-ems/ems-
documents/adult-medical-emergencies-0816.pdf. Published January 2016.
Accessed February 7, 2019.

Foster NC, Miller K, Dimeglio L, et al. Marked Increases in CGM Use
Has Not Prevented Increases in HbAlc Levels in Participants in the T1D
Exchange (T1DX) Clinic Network. Diabetes. 2018;61(suppl 1):1689-P.
heeps://doi.org/10.2337/db18-1689-P

Goyal N, Schlichting AB. Type 1 Diabetes Mellitus. In: Tintinalli JE,
Stapczynski S, Ma O], Yealy DM, Meckler GD, Cline DM, eds. Tintinallis
Emergency Medicine. 8" ed. New York, NY: McGraw-Hill Education; 2016.

Bureau of Emergency Medical Services, Pennsylvania Department of Health.
Pennsylvania Statewide Basic Life Support Protocols. http://pehsc.org/wp-
content/uploads/2014/05/FINAL-2017-BLS-PROTOCOL.pdf. Published
June 10, 2017. Accessed February 7, 2019.

Rostykus B, Kennel ], Fillinger M, et al. Variability in the Treatment of
Prehospital Hypoglycemia: A Structured Review of EMS Protocols in the
United States. Prehosp Emerg Care. 2016;20(4):524-530. https://doi.org/10.31
09/10903127.2015.1128031

Hern HG, Kiefer M, Louie D, Barger J, Alter HJ. D10 in the Treatment of
Prehospital Hypoglycemia: A 24 Month Observational Cohort Study. Prebosp
Emerg Care. 2017;21(1):63-67. https://doi.org/10.1080/10903127.2016.11
89637

Kiefer M V., Hern GH, Alter HJ, Barger JB. Dextrose 10% in the treatment
of out-of-hospital hypoglycemia. Prehosp Disaster Med. 2014;29(2):190-194.


https://www.samhsa.gov/data/report/key-substance-use-and-mental-health-indicators-united-states-results-2016-national-survey
https://www.samhsa.gov/data/report/key-substance-use-and-mental-health-indicators-united-states-results-2016-national-survey
https://doi.org/10.5811/westjem.2018.1.36559 
https://doi.org/10.1210/jc.2008-1410 
https://doi.org/10.1210/jc.2008-1410 
https://doi.org/10.1159/000459641
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://doi.org/10.1056/NEJMoa1610187 
https://doi.org/10.1080/07448481.2015.1068780 
https://doi.org/10.2337/cd17-0119 
https://doi.org/10.2337/cd17-0119 
https://doi.org/10.2337/diacare.26.9.2675 
https://www.ncemsf.org/resources/ems-organization-database/groups-listed-by-region/united-states-ems-organizations
https://www.ncemsf.org/resources/ems-organization-database/groups-listed-by-region/united-states-ems-organizations
https://doi.org/10.1080/10903127.2018.1528322
https://doi.org/10.1080/10903127.2018.1528322
https://nasemso.org/wp-content/uploads/National-Model-EMS-Clinical-Guidelines-2017-Version2.1-29June2018-1.pdf
https://nasemso.org/wp-content/uploads/National-Model-EMS-Clinical-Guidelines-2017-Version2.1-29June2018-1.pdf
https://nasemso.org/wp-content/uploads/National-Model-EMS-Clinical-Guidelines-2017-Version2.1-29June2018-1.pdf
https://www.ems.gov/education/EMSScope.pdf
https://www.ems.gov/pdf/2017-National-EMS-Scope-Practice-Mode_Change-Notices-1-and-2.pdf
https://www.ems.gov/pdf/2017-National-EMS-Scope-Practice-Mode_Change-Notices-1-and-2.pdf
https://www.ems.gov/pdf/2017-National-EMS-Scope-Practice-Mode_Change-Notices-1-and-2.pdf
https://nasemso.org/wp-content/uploads/Prepublication-Display-Copy-2018-National-EMS-Scope-of-Practice-Model-20180929.pdf
https://nasemso.org/wp-content/uploads/Prepublication-Display-Copy-2018-National-EMS-Scope-of-Practice-Model-20180929.pdf
https://nasemso.org/wp-content/uploads/Prepublication-Display-Copy-2018-National-EMS-Scope-of-Practice-Model-20180929.pdf
https://nasemso.org/projects/ems-scope-of-practice/
https://nasemso.org/projects/ems-scope-of-practice/
https://doi.org/10.2147/DMSO.S20633 
https://doi.org/10.1016/j.beem.2016.06.004 
https://doi.org/10.1111/j.1749-6632.2010.05820.x
https://doi.org/10.1111/j.1749-6632.2010.05820.x
https://doi.org/10.1002/dmrr.2965 
https://doi.org/10.1002/dmrr.2965 
https://doi.org/10.7326/M17-2222
https://doi.org/10.7326/M17-2222
https://carle.org/locations/carle-foundation-hospital/emergency-services/regional-ems/ems-documents/adult-medical-emergencies-0816.pdf
https://carle.org/locations/carle-foundation-hospital/emergency-services/regional-ems/ems-documents/adult-medical-emergencies-0816.pdf
https://carle.org/locations/carle-foundation-hospital/emergency-services/regional-ems/ems-documents/adult-medical-emergencies-0816.pdf
https://doi.org/10.2337/db18-1689-P
https://doi.org/10.1111/dme.12496 
http://pehsc.org/wp-content/uploads/2014/05/FINAL-2017-BLS-PROTOCOL.pdf
http://pehsc.org/wp-content/uploads/2014/05/FINAL-2017-BLS-PROTOCOL.pdf
https://doi.org/10.3109/10903127.2015.1128031
https://doi.org/10.3109/10903127.2015.1128031
https://doi.org/10.1080/10903127.2016.1189637 
https://doi.org/10.1080/10903127.2016.1189637 

Clinical Review

heeps://doi.org/10.1017/S1049023X14000284

30. Moore C, Woollard M. Dextrose 10% or 50% in the treatment of
hypoglycaemia out of hospital? A randomized controlled trial. Emerg Med J.
2005;22(7):512-515. https://doi.org/10.1136/em;j.2004.020693

31. Ranjan A, Schmidt S, Damm-Frydenberg C, et al. Low-Carbohydrate
Diet Impairs the Effect of Glucagon in the Treatment of Insulin-Induced
Mild Hypoglycemia: A Randomized Crossover Study. Diabetes Care.
2017;40(1):132-135. https://doi.org/10.2337/dc16-1472

32. Carstens S, Sprehn M. Prehospital treatment of severe hypoglycaemia: a
comparison of intramuscular glucagon and intravenous glucose. Prehosp
Disaster Med. 1998;13(2-4):44-50. https://www.cambridge.org/core/journals/
prehospital-and-disaster-medicine/article/ prehospital-treatment-of-severe-
hypoglycaemia-a-comparison-of-intramuscular-glucagon-and-intravenous-gluc

0se/3971417C7806A49A1F5C73F697F2B15E. Accessed February 7, 2019.

33. Ranjan A, Norgaard K, Tetzschner R, et al. Effects of Preceding Ethanol
Intake on Glucose Response to Low-Dose Glucagon in Individuals With Type
1 Diabetes: A Randomized, Placebo-Controlled, Crossover Study. Diabetes
Care. 2018;41(4):797-806. https://doi.org/10.2337/dc17-1458

34. Patrick AW, Collier A, Hepburn DA, Steedman D], Clarke BE Robertson
C. Comparison of intramuscular glucagon and intravenous dextrose in the
treatment of hypoglycaemic coma in an accident and emergency department.

Arch Emerg Med. 199057(2):73-77. https://doi.org/10.1136/emj.7.2.73

35. Cobb E, Watson N, Wardian J, Morrow C, Sauerwein T. Glucagon kits:
are your patients prepared for a hypoglycemic emergency? AADE Pract.
2017;5(1):12-17. heeps://doi.org/10.1177/2325160316677575

36. Seaquist ER, Dulude H, Zhang XM, et al. Prospective study evaluating the
use of nasal glucagon for the treatment of moderate to severe hypoglycaemia
in adults with type 1 diabetes in a real-world setting. Diabetes Obes Metab.
2018;20(5):1316-1320. https://doi.org/10.1111/dom.13278

37.  Christiansen MP, Cummins M]J, Prestrelski SJ, Strange P. A Phase 3
Comparison of a Novel Liquid Glucagon Autoinjector to Glucagon
Emergency Kit for the Symptomatic Relief of Severe Hypoglycemia. Diabetes.
2018;67(suppl 1):304-OR. https://doi.org/10.2337/db18-304-OR

38. Brasted ID, Dailey MW. Basic Life Support Access to Injectable Epinephrine
across the United States. Prehosp Emerg Care. 2017;21(4):442-447. hueps://
doi.org/10.1080/10903127.2017.1294224

39. Roberts K, Smith A. Outcome of diabetic patients treated in the prehospital
arena after a hypoglycaemic episode, and an exploration of treat and release
protocols: a review of the literature. Prehosp Med. 2003;20:274-276. hteps://
doi.org/10.1136/em;.20.3.274

40. Carter AJ, Keane PS, Dreyer JF. Transport refusal by hypoglycemic patients
after on-scene intravenous dextrose. Acad Emerg Med. 2002;9(8):855-857.
heeps://doi.org/10.1197/aemj.9.8.855

41. Holstein A, Plaschke A, Vogel MY, Egberts EH. Prehospital management
of diabetic emergencies--a population-based intervention study. Acta
Anaesthesiol Scand. 2003;47(5):610-615. https://doi.org/10.1034/j.1399-
6576.2003.00091.x

42.  Mattila EM, Kuisma MJ, Sund KP, Voipio-Pulkki LM. Out-of-hospital
hypoglycaemia is safely and cost-effectively treated by paramedics. Eur J Emerg
Med. 2004;11(2):70-74. Accessed February 7, 2019.

43. Cain E, Ackroyd-Stolarz S, Alexiadis P, Murray D. Prehospital hypoglycemia:
the safety of not transporting treated patients. Prehosp Emerg Care.
2003;7(4):458-465.

Author Affiliations: From Carle Illinois College of Medicine, Urbana, IL, USA
(E.V.W.); Department of Emergency Medicine, Oregon Health and Science Univer-
sity, Portland, OR, USA (PS.R.).

Address for Correspondence: Elizabeth V. Woodburn, BS, NREMT.
E-mail: woodbrn2@illinois.edu.

Conflicts of Interest/Funding Sources: By the JCEMS Submission Declaration
Form, all authors are required to disclose all potential conflicts of interest and fund-
ing sources. All authors declared that they have no conflicts of interest. All authors
declared that they did not receive funding to conduct the research and/or writing
associated with this work.

Authorship Criteria: By the JCEMS Submission Declaration Form, all authors are
required to attest to meeting the four ICMJE.org authorship criteria: (1) Substantial
contributions to the conception or design of the work; or the acquisition, analysis,
or interpretation of data for the work; AND (2) Drafting the work or revising it
critically for important intellectual content; AND (3) Final approval of the version
to be published; AND (4) Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Submission History: Received December 19, 2018; accepted for publication Feb-
ruary 7, 2019.

Published Online: February 21, 2019.

Published in Print: February 22, 2019 (Volume 2: Issue 1)

Reviewer Information: In accordance with JCEMS editorial policy, Clinical Review
manuscripts undergo double-blind peer-review by at least two independent reviewers.
JCEMS thanks the anonymous reviewers who contributed to the review of this work.
Copyright: © 2019 Woodburn & Rostykus. This is an open access article distributed
under the terms of the Creative Commons Attribution 4.0 International (CC BY 4.0)
License, which permits unrestricted use, distribution, and reproduction in any medi-
um, provided the original author and source are credited. The full license is available

at: htps://creativecommons.org/licenses/by/4.0/

Electronic Link: https://doi.org/10.30542/JCEMS.2019.02.01.02

February 2019 - Issue 1 - Volume 2 - JCEMS 15


https://doi.org/10.1017/S1049023X14000284 
https://doi.org/10.1136/emj.2004.020693
https://doi.org/10.2337/dc16-1472 
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-treatment-of-severe-hypoglycaemia-a-comparison-of-intramuscular-glucagon-and-intravenous-glucose/3971417C7806A49A1F5C73F697F2B15F
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-treatment-of-severe-hypoglycaemia-a-comparison-of-intramuscular-glucagon-and-intravenous-glucose/3971417C7806A49A1F5C73F697F2B15F
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-treatment-of-severe-hypoglycaemia-a-comparison-of-intramuscular-glucagon-and-intravenous-glucose/3971417C7806A49A1F5C73F697F2B15F
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/prehospital-treatment-of-severe-hypoglycaemia-a-comparison-of-intramuscular-glucagon-and-intravenous-glucose/3971417C7806A49A1F5C73F697F2B15F
https://doi.org/10.1136/emj.7.2.73 
https://doi.org/10.1177/2325160316677575 
https://doi.org/10.1111/dom.13278 
https://doi.org/10.2337/db18-304-OR 
https://doi.org/10.1080/10903127.2017.1294224 
https://doi.org/10.1080/10903127.2017.1294224 
https://doi.org/10.1136/emj.20.3.274 
https://doi.org/10.1136/emj.20.3.274 
https://doi.org/10.1197/aemj.9.8.855 
https://doi.org/10.1034/j.1399-6576.2003.00091.x
https://doi.org/10.1034/j.1399-6576.2003.00091.x
mailto:woodbrn2%40illinois.edu?subject=
http://ICMJE.org
 https://creativecommons.org/licenses/by/4.0/ 
 https://creativecommons.org/licenses/by/4.0/ 
https://doi.org/10.30542/JCEMS.2019.02.01.02



