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HYPOGLYCEMIA EMERGENCIES: FACTORS ASSOCIATED WITH PREHOSPITAL CARE,
TRANSPORTATION STATUS, EMERGENCY DEPARTMENT DISPOSITION, AND COST

Michael A. Kaufmann, MD, FACEP, FAEMS, David R. Nelson, MS, Puneet Kaushik,
MPharm, N. Clay Mann, PhD, MS, MBA, Beth Mitchell, MPH, BSN, RN

ABSTRACT

Objectives: The objectives of this study were to evaluate
demographic/clinical characteristics and treatment/trans-
portation decisions by emergency medical services (EMS)
for patients with hypoglycemia and link EMS activations
to patient disposition, outcomes, and costs to the emer-
gency medical system. This evaluation was to identify
potential areas where improvements in prehospital health-
care could be made. Methods: This was a retrospective
analysis of the National Emergency Medical Services
Information System (NEMSIS) registry and three national
surveys: Nationwide Emergency Department Sample
(NEDS), National Hospital Ambulatory Medical Care
Survey (NHAMCS), and Medical Expenditure Panel
Survey (MEPS) from 2013, to examine care of hypogly-
cemia from the prehospital and the emergency depart-
ment (ED) perspectives. Results: The study estimated
270,945 hypoglycemia EMS incidents from the NEMSIS

registry. Treatments were consistent with national guide-
lines (i.e., oral glucose, intravenous [IV] dextrose, or glu-
cagon), and patients were more likely to be transported to
the ED if the incident was in a rural setting or they had
other chief concerns related to the pulmonary or cardio-
vascular system. Use of IV dextrose decreased the likeli-
hood of transportation. Approximately 43% of patients
were not transported from the scene. Data from the NEDS
survey estimated 258,831 ED admissions for hypogly-
cemia, and 41% arrived by ambulance. The median ambu-
lance expenditure was $664 ± 98. From the ED, 74% were
released. The average ED charge that did not lead to hos-
pital admission was $3106± 86. Increased odds of over-
night admission included infection and acute renal failure.
Conclusions: EMS activations for hypoglycemia are size-
able and yet a considerable proportion of patients are not
transported to or are discharged from the ED. Seemingly,
these events resolved and were not medically complex. It
is possible that implementation and appropriate use of
EMS treat-and-release protocols along with utilizing pro-
grams to educate patients on hypoglycemia risk factors
and emergency preparedness could partially reduce the
burden of hypoglycemia to the healthcare system. Key
words: emergency medical services; hypoglycemia; trans-
portation; treat and release; patient care; cost
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INTRODUCTION

Community paramedicine programs take healthcare
into the patient’s home (1). This expanded role of emer-
gency medical services (EMS) professionals helps to
bolster healthcare resources and access for rural com-
munities. It helps urban areas reduce the demand on
busy emergency departments (EDs) by proactively pro-
viding healthcare and education for those with chronic
diseases who frequently end up in the ED (1, 2).
Hypoglycemia is a major complication of insulin

therapy leading to approximately 100,000 ED visits
annually in the United States (US). Documented rea-
sons for these ED visits largely include incorrect
insulin dose or type and/or simple human error
(i.e., not eating soon after taking a rapid-acting insu-
lin, not adequately adjusting the insulin dose to
cover a meal, or confusing a rapid-acting insulin for
a long-acting insulin) (3). Hypoglycemia as a com-
plication of insulin therapy is only a subset of all
hypoglycemic events, and its impact on the
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healthcare system is not completely realized by the
surveillance of ED visits for adverse drug events
only. Parsaik et al. found in a county in Minnesota
that hypoglycemia events requesting EMS places
significant burden on medical resources (4). Their
study found that approximately 5% of all EMS calls
were for hypoglycemia. Furthermore, Moffet et al.
reported from a county in California that of EMS
calls from 2013 to 2015 for hypoglycemia or low
blood glucose levels, 13.5% were not transported to
the ED presumably because transport was unneces-
sary (5). Based on an online tool of the National
Emergency Medical Services Information System
(NEMSIS) database, Moffet et al. also reported that
nationally among EMS calls for hypoglycemia as
many as 37% were not transported to the ED (5).
National EMS clinical guidelines are available to help

guide EMS personnel as to when it is medically appro-
priate to not transport a patient to the ED after a hypo-
glycemic event, also called, “treat and release” (6, 7).
Only two commercial insurance companies, United
Healthcare and Anthem, have recently allowed cover-
age for ambulance “treat and release” encounters (8, 9).
As healthcare reimbursement is rapidly changing from
a volume-based to a value-based model, understanding
EMS treatments for hypoglycemia, as well as their rea-
sons for “treat and release” versus transportation to the
ED, and finally ED disposition will help inform appro-
priate EMS policy changes and support growing cover-
age for these ambulance runs.
To date, there are no population-based studies on

EMS activations for hypoglycemia linked to treatment,
transportation, disposition in ED, and cost. The pur-
pose of this study is to evaluate demographic/clinical
characteristics, treatment, and transportation by EMS
for patients with hypoglycemia through a retrospect-
ive analysis of the 2013 NEMSIS database and then
link those EMS activations to disposition, outcomes,
and cost in the ED (using Nationwide Emergency
Department Sample [NEDS], Medical Expenditure
Panel Survey [MEPS], and National Hospital
Ambulatory Medical Care Survey [NHAMCS]) to
identify a potential area where improvements in pre-
hospital healthcare could be made through an
expanded role of EMS professionals.

METHODS

Study Design

This study is a retrospective analysis of the NEMSIS
registry and three complex surveys, NEDS,
NHAMCS, and MEPS from 2013, to examine hypo-
glycemia from various perspectives (Table 1).

National Emergency Medical Services
Information System

The annual NEMSIS Public-Release Research
Dataset provides a uniform national EMS registry to
act as a repository for EMS patient-care data in the
US. In 2013, 48 states, the District of Columbia, and
three territories submitted EMS patient-care report-
ing information to the NEMSIS national registry
(10). It is a valuable resource for evaluating 9-1-1
initiated EMS care in the US and can be used to
conduct in-depth descriptions of the care offered to
specific populations (11, 12).
Using the NEMSIS data, our analysis included the

following cohorts:

1. Three cohorts to capture EMS use of
hypoglycemic-related medications, based on the
NEMSIS “Medications Given/Recoded” field. As
EMS providers report medications using a free-
text field, the “Medications Given/Recoded”
field corrects spellings and classifies medications
into concise groups. Within this study, dextrose
denotes when this field indicated Dextrose-50
use (more than 93% of the records). These
cohorts were based on National EMS clinical
guidelines for hypoglycemia, which indicate that
oral glucose should be given if the patient is
conscious. If the patient is unconscious,
intravenous (IV) dextrose or glucagon should be
given with IV dextrose being the first choice:
a. Oral glucose/None group was defined if

“Medication Given/Recoded” included only
oral glucose or nothing given

b. Dextrose group was defined if “Medication
Given/Recoded” included dextrose alone or
dextrose and oral glucose

c. Glucagon group was defined if the
“Medication Given/Recoded” included
glucagon alone, or glucagon and oral
glucose, or glucagon and dextrose, or
glucagon and oral glucose and dextrose

2. Two main patient disposition cohorts:
a. Transport group included subgroups: treated

and transported by EMS, treated and
transported by law enforcement, treated and
transported by private vehicle, treated and
transferred care to another EMS unit if the
primary role of the initial unit is rescue
or transport

b. No transport group included subgroups: no
treatment required, patient refused care,
treated and released, treated and transferred
care to another EMS unit if the primary role of
the initial unit is supervisor or nontransport

M. A. Kaufmann et al. PREHOSPITAL CARE FOR HYPOGLYCEMIA EMERGENCIES 455



Nationwide Emergency
Department Sample

NEDS is the largest all-payer ED database in the
US, yielding national estimates of ED encounters.

The 2013 version of the NEDS includes discharges
from 950 hospital-based EDs in 30 states (13) and
approximates a 20% stratified sample of US hos-
pital-based EDs. NEDS utilizes records from 1) the
Healthcare Cost and Utilization Project (HCUP)

TABLE 2. Summary statistics from NEMSIS and NEDS hypoglycemia patients

NEMSIS Overall Not Transported Transported

Age (years) 57.39 (0.04) 57.13 (0.06) 57.59 (0.06)
Gender
Male 50.77 54.59 47.94
Female 48.19 43.95 51.55
Missing 1.03 1.46 0.52
Race ethnicity:
Hispanic or Latino 3.72 3.33 4.00
Non-Hispanic:
American Indian or Alaska Native 0.81 0.61 0.97
Asian 0.37 0.35 0.38
Black or African American 26.20 22.96 28.80
Native Hawaiian or Other Pacific Islander 0.13 0.11 0.13
White 51.09 54.44 48.70
Other Race 1.20 1.15 1.23
Missing 16.49 17.05 15.80
Incident location type
Home/Residence 68.80 73.32 65.37
Farm 0.05 0.06 0.05
Mine or quarry 0.01 0.01 0.01
Industrial place and premises 0.52 0.61 0.44
Place of recreation or sport 0.42 0.51 0.35
Street or highway 3.95 4.07 3.87
Public building (schools, government offices) 2.76 2.73 2.78
Trade or service (business, bars, restaurants, etc.) 4.38 5.34 3.64
Healthcare facility (clinic, hospital, nursing home) 7.83 2.99 11.56
Residential institution (nursing home, jail/prison) 3.17 1.45 4.49
Lake, river, ocean 0.03 0.04 0.02
Other location 1.93 2.10 1.80
Missing 6.14 6.77 5.63
Urbanicity:

Rural 11.29 10.30 12.10
Suburban 9.84 9.41 10.19
Urban 75.25 77.12 73.72
Wilderness 2.56 2.07 2.95
Missing 1.06 1.10 1.04

NEDS Overall ED treated /released Admit to same hospital
Age (years) 61.10 (0.21) 59.53 (0.23) 66.64 (0.24)
Gender:
Male 48.50 48.99 47.76
Female 51.50 51.01 52.24
Expected primary payer:

Medicare 58.12 54.36 68.58
Medicaid 14.23 14.89 12.51
Private insurance 17.43 19.30 12.18
Self-pay 7.03 8.17 3.76
No charge 0.44 0.38 0.62
Other 2.75 2.90 2.35

Injury diagnosis reported on record:
No injury diagnoses reported 89.03 91.40 83.34
Injury first-listed diagnosis 6.75 5.20 9.95
Injury not first-listed diagnosis 4.22 3.40 6.71

ED¼Emergency Department; NEDS¼Nationwide Emergency Department Sample; NEMSIS¼National Emergency Medical Services Information System.
The variables or data are provided as mean (SE) or %.
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State Emergency Department Databases (SEDD),
and 2) the State Inpatient Databases (SID). The
NEDS includes ED charge information for more
than 75% of patients in the sample, including indi-
viduals covered by Medicaid, private insurance, and
the uninsured.
Two cohorts within NEDS were (1) ED visit in

which the patient is treated and released; and (2) ED
visit in which the patient is admitted as an inpatient.

National Hospital Ambulatory Medical
Care Survey

National Hospital Ambulatory Medical Care
Survey (NHAMCS) is another source of ED infor-
mation, from the Centers for Disease Control
(CDC) and their National Center for Health
Statistics (NCHS). For the ED component of the
survey, findings are based on a nationally

0.1 1 10 100

Northeast plus Mountain

ALS/Paramedic Intercept

West

Primary Symptom: Mental/Psych, Choking, Bleeding

Venous Access-Extremity Failure

EMS Scene Time<16 minutes

Primary Symptom: Change in Responsiveness

Lowers Use Increases Use

GlucagonDextroseType

FIGURE 1. Odds ratios and 95% confidence intervals from two multivariable logistic regression models: Emergency medical services (EMS)
use of (1) glucagon and (2) dextrose in National Emergency Medical Services Information System (NEMSIS) 2013.
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representative sample of visits to noninstitutional
general and short-stay hospitals, exclusive of fed-
eral, military, and Veterans Administration hospi-
tals, located in the 50 states and the District of
Columbia. NCHS provides details on the method-
ology of data collection and processing (14).
Although substantially smaller in observed sample
size compared to NEDS, NHAMCS provides infor-
mation such as whether patients arrived by ambu-
lance, and both surveys are designed to be
nationally representative.

Medical Expenditure Panel Survey

The Medical Expenditure Panel Survey (MEPS) is
a nationally representative household survey of
the US civilian noninstitutionalized population
sponsored by the Agency for Healthcare Research
and Quality. It includes data on medical condi-
tions, health status, health insurance coverage,
and healthcare costs and spending. Patients were
selected for this study using Clinical Classification
Software (CCS) for the International Classification
of Diseases, Ninth Revision (ICD-9) values corre-
sponding to “diabetes mellitus without
complication” or “diabetes mellitus with
complication.” Charges and expenditures for
ambulance transport were estimated using ambu-
lance expenses from patients with diabetes, since
ambulance expenditures are not assigned ICD-9
codes in MEPS. Expenditures in MEPS correspond
to the direct payments for care provided during
the year, including out-of-pocket payments and
payments by private insurance, Medicaid,
Medicare, and other sources (15).

Population and Setting

To study hypoglycemia within the EMS setting, the
primary analysis of NEMSIS included all EMS acti-
vations in which dispatch recorded a complaint of
“diabetic problem” followed by a primary or sec-
ondary impression of “diabetic symptoms (hypo-
glycemia).” In the ED setting, data on any patient
using ED and/or hospital services for severe hypo-
glycemia per the Ginde algorithm were included in
analyses (16), as previously demonstrated in NEDS
(17) and NHAMCS (18).

Key Outcome Measures

Among hypoglycemic EMS activations in NEMSIS,
the analyses focused on two topics: 1) the use of
medications such as glucagon, IV dextrose, and
other treatments to quantify and understand how
EMS personnel treat patients assessed as having

hypoglycemia in relation to known EMS clinical
guidelines; and 2) patient transport status, such as
subsequent transport by emergency responders,
transport by personal vehicle, or no transport to
evaluate healthcare resource utilization and costs.
NEDS provided the opportunity to study factors,
such as diagnoses, associated with a hospital
inpatient stay rather than being treated and
released from the ED. NHAMCS provided esti-
mates of the rate of arriving by ambulance.
Finally, MEPS provided expenditure and charge
information for ambulances, ED, and hos-
pital inpatient.

Analytical Methods

To estimate the number of events from complex sur-
veys, such as NEDS, NHAMCS, and MEPS, survey
weights (each observation is weighted to represent
the entire US sample) were used; however, national
estimates from the NEMSIS registry utilized a ratio
using NHAMCS estimates. To estimate the US 2013
total number of events in NEMSIS, we utilized the
ratio of a national count of EMS transports to ED
divided by the NEMSIS EMS transports, which is
derived by (2013 NHAMCS; 18.9 million patients
arrived at hospitals via ambulances) divided by
(2013 NEMSIS; 12.6 million patients contained in
NEMSIS were treated and transported to hospitals).
Therefore, NEMSIS counts were multiplied by this
ratio of approximately 1.5006 to provide national
estimates, based on the assumption that NEMSIS
captured 66.6% (the inverse of the ratio) of the
nation’s EMS responses.
Classification and Regression Trees (CART)

were used to identify significant, independent var-
iables related to “medication use (glucagon/IV
dextrose/others)” as the response/outcome vari-
able (19). Although many classification methods
are available, CART was chosen because of its
decision-tree nature mimicking the triage process
of evaluating patients, its ability to generate opti-
mal cutoffs from both categorical and continuous
variables, and its interpretability. The dataset was
divided into two groups, one for model building
and the other for model validation. If the tree split
was generated by the model-building group with
Chi-square p< 0.05, and the same split was signifi-
cant in the model-validation group, then the split
was maintained in the final tree. All variables
were then included in a multivariable logistic
model to evaluate the significance of their
adjusted odds ratios (ORs) and to generate 95%
confidence intervals (CIs). The multivariable logis-
tic models’ overall performance was quantified
using Area Under the Receiver Operating
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Characteristic (AUROC) curves, ranging from 50%
(random classifier) to 100% (perfect accuracy).
Analysis of complex survey designs, such as

NEDS, NHAMCS, and MEPS, utilized strata, clus-
ters, and sampling weights for estimation of sum-
mary statistics and hypothesis tests. Multivariable
logistic regression was performed to assess risk fac-
tors for complex survey data.
Summary statistics of continuous variables within

the text are presented as mean (or percentage) ± -
standard error. All calculations utilized SAS version
9.4 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

EMS Responses to 9-1-1 Hypoglycemia
Events: Treatment and Disposition

The 9-1-1 events in the primary analysis included
180,561 events (0.8% of all NEMSIS records)

dispatched for “diabetes” with primary or second-
ary provider’s impression of hypoglycemia. The
projected national estimate based on NEMSIS cover-
age would be 270,945 hypoglycemia EMS incidents
in 2013. Overall key summary statistics for NEMSIS
hypoglycemia are presented in Table 2.
EMS documented use of medications by cohort

was as follows: oral glucose/none 68.2% (only oral
glucose 6.8%; none 61.3%), dextrose 26.2% (only
dextrose 24.7%; with oral glucose 1.5%), and gluca-
gon 5.7% (only glucagon 3.5%; with oral glucose
0.9%; with dextrose 1.2%; with both oral glucose
and dextrose 0.1%).
The CART analysis indicated that the initial vari-

able key to medication use (i.e., glucagon, dextrose,
or neither) is a certain primary symptom, “change
in responsiveness.” All other primary symptoms,
such as breathing problems, were less likely to
receive glucagon and dextrose. Next in increasing
likelihood was that Advanced Life Support (ALS)
care (Levels 1 and 2) and Paramedic Intercept were

FIGURE 2. Odds ratios and 95% confidence intervals from a multivariable logistic regression model to assess odds of emergency medical
services (EMS) transport in National Emergency Medical Services Information System (NEMSIS) 2013. �CART indicated two significant
interactions, rural African Americans and Rural Nursing Home/Health Care Facility.
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more likely to use glucagon and dextrose than Basic
Life Support (BLS). Then, within this group of ALS
providers, if there was no failure to venous access
an extremity, dextrose was used more often. If there
was a failure of venous access to an extremity, glu-
cagon increased in likelihood of use.
These results are echoed in the adjusted ORs of

the multivariable logistic regression model (Figure
1), in which the odds of glucagon and dextrose use
both increased with “change in responsiveness” as
primary symptom, ALS/Paramedic Intercept, a
group of other primary symptoms (Mental/Psych,
Choking, and Bleeding) selected by CART, and EMS
scene times >16minutes. Two US regions were
associated with lower odds of both glucagon and IV
dextrose use, the Northeast and Mountain. The
main distinguishing difference between the odds of
glucagon use versus the odds of dextrose use was
the failure of an extremity venous access, which
increased the odds of glucagon use (OR ¼ 9.9; 95%
CI, 9.4–10.4), but decreased the odds of dextrose use
(OR ¼ 0.25; 95% CI, 0.23–0.27). In addition, dextrose
use odds were greater in the West region of the US
(OR ¼ 1.6; 95% CI, 1.6–1.7), but lower odds for glu-
cagon use (OR ¼ 0.68; 95% CI, 0.62–0.75). The
AUROCs for multivariable logistic models were
75.7% for glucagon and 77.3% for the dex-
trose model.
The next focus among the EMS hypoglycemia

sample was comparing patients who required

transportation compared with those who did not
(Table 2). Those classified as transported include
Treated/Transported by EMS (53.5%), Treated/
Transported by Law Enforcement (0.05%), Treated/
Transported by Private Vehicle (0.1%), Treated,
Transferred Care to another EMS Unit (Rescue or
Transport; 2.8%). The nontransported group include
No Treatment Required (3.1%), Patient Refused
Care (17.7%), Treated and Released (20.0%), and
Treated, Transferred Care to another EMS Unit
(Nontransport or Supervisor; 2.3%).
The initial variable in CART to discriminate trans-

ported and nontransported patients was based on
primary symptoms. Those with the primary symp-
toms of Bleeding, Breathing Problem, Device/
Equipment Problem, Diarrhea, Drainage/Discharge,
Fever, Malaise, Mass/Lesion, Nausea/Vomiting,
Pain, Palpitations, Swelling, or Wound were trans-
ported at a very high rate of 84.2%. When the pri-
mary symptoms were Rash/Itching, Choking,
Weakness, Mental/Psych, Change in responsiveness,
or None, 53.8% were transported. In the multivari-
able logistic regression (Figure 2), the three factors
with the largest odds of transport were the primary
symptoms combined by CART as noted above with
the transport rate of 84.2%; OR ¼ 4.6; 95% CI,
4.4–4.8), whether the location included Non-Rural
Nursing Homes (OR ¼ 4.4; 95% CI, 4.2–4.7), and if
chief concern organ system was Psych, Pulmonary,
Renal, Skin, or Cardiovascular (which were

Inpa�ent Admissions
(25.3%)

≤ 7 Condi�ons*
7.5% Admi�ed

> 7 Condi�ons*
56.4% Admi�ed

≤ 4 Condi�ons*
2.9% Admi�ed

No Acute Electrolyte
Disorder

46.9% Admi�ed

> 4 Condi�ons*
15.8% Admi�ed

Acute Electrolyte 
Disorder

79.7% Admi�ed

No Acute Renal 
Failure

14.9% Admi�ed

Acute Renal 
Failure

66.0% Admi�ed

≤ 11 Condi�ons*
33.0% Admi�ed

> 11 Condi�ons
63.7% Admi�ed

≤ 14 Condi�ons*
70.8% Admi�ed

> 14 Condi�ons*
91.2% Admi�ed

≤25% 25-50% >50%

FIGURE 3. Classification tree from Nationwide Emergency Departments (NEDS) to identify emergency department (ED) hypoglycemia
patients that are admitted to the hospital, rather than treated and released. �Number of Conditions is the total number of acute and
chronic conditions coded.
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combined by CART; OR ¼ 4.4; 95% CI, 4.0–4.9).
Two variables decreased the odds of transport sig-
nificantly, dextrose use (OR ¼ 0.41, 95% CI,
0.40–0.42) and primary unit role of nontransport
(OR ¼ 0.16; 95% CI, 0.15–0.17). After adjusting for
interactions and other risk factors, the overall effect
of rural setting increased odds of transport (OR ¼
1.3; 95% CI, 1.2–1.3). The AUROC for the multivari-
able logistic models for transport was 75.7%.

Emergency Department Visits for
Hypoglycemia and Disposition

Based on the NEDS, there was an estimated 258,831
ED admissions for hypoglycemia in 2013. NHAMCS
estimated that 41.1%± 8.2% arrived by ambulance or
approximately 106,303 applied that fraction to the
NEDS values. By comparison with NHAMCS,
NEMSIS sample size of EMS events transported to
the hospital, extrapolated to the entire nation would
be 137,195 (Destination of “Hospital” for n¼ 91,428,
multiplied by the extrapolation fraction).
Within NEDS, of the patients with hypoglycemia

in the ED, 0.02%± 0.007% died in the ED, and
0.23%±0.02% died in the hospital. Of the remaining
patients, 73.7%±0.6% were treated and released,
24.9%±0.6% admitted to the same hospital,
1.2%±0.09% transferred to another short-term hos-
pital, and 0.1%±0.03% were not admitted, destin-
ation unknown.
Initially, the two groups of interest in NEDS, ED

“treated and released” vs. “admitted to the same
hospital” are presented (Table 2). CART analyses

indicated the important role of “number of con-
ditions” in influencing whether or not a hypogly-
cemic patient was admitted to the hospital (Figure
3). Number of conditions is a count of the number
of both acute and chronic comorbidities documented
at the time of the ED hypoglycemia event, based on
the CCS classification system of ICD-9 codes.
Among patients with seven or fewer conditions,
hospital admission rate was only 7.5%±0.4%,
whereas those with eight or more conditions have
56.4%±1.3% chance of admission. Within the low
hospital admission risk group with seven or fewer
conditions, 66.0%±3.7% were admitted within a
subgroup of five or more conditions if one of the
conditions is acute renal failure. The subgroup with
the highest hospital admission rate was one with
more than 14 conditions, of which one was acute
fluid and electrolyte disorders, with an admission
rate of 91.2%±0.8%. As number of conditions
increased in patients with hypoglycemia, the prob-
ability of hospital admission increased. If short-term
conditions are not included in this count, as the
number of long-term conditions increased, the rates
of hospital admission increased with a steeper slope
and plateaued at about 10 long-term conditions.
The multivariable logistic model reflected the role

of the number of short- and long-term conditions,
indicating that for each number of conditions
added, the adjusted odds of being admitted
increased 20% (OR ¼ 1.2; 95% CI, 1.16–1.25). If the
conditions were long term, the odds increased
another 18% beyond this per long-term condition
(OR ¼ 1.2; 95% CI, 1.1–1.3). Some specific conditions

TABLE 3. MEPS and NEDS estimates of 2013 charges and expenditures for ambulances, ED events, and subsequent
inpatient stays for hypoglycemia or diabetes related events

Total Charges (US$) Total Expenditures (US$)

Health Care Utilization Measure Mean Std Error Median Std Error Mean Std Error Median Std Error

MEPS: Ambulance use
Ambulance expenditures among DM 1,641 381 902 81 1,244 324 664 98
Ambulance expenditures among DM with DM ED Visits 4,476 3,437 992 355 3,706 2,814 814 301
NEDS
Hypoglycemia ED without admission/facility 3,106 86 1,972 58
Hypoglycemia ED with admission/facility 2,041 77 1,763 58
Inpatient admission following Hypoglycemia ED/facility 25,963 722 17,002 415
MEPS: Primary DM ED without admission

-Facility 3,414 684 2,050 376 824 124 444 92
-Physician 425 73 264 80 112 24 48 21
-Total 3,840 676 2,672 445 936 135 549 90

MEPS: Primary DM ED with admission
-Physician 587 119 589 n/a 212 53 204 n/a

MEPS: Inpatient after Primary DM ED
-Facility 14,511 2,642 n/a n/a 3,811 735 n/a n/a
-Physician 401 175 n/a n/a 133 49 n/a n/a
-Total 14,912 2,816 n/a n/a 3,944 784 n/a n/a

MEPS¼Medical Expenditure Panel Survey; NEDS¼Nationwide Emergency Department Sample; ED¼Emergency Department; DM¼Diabetes Mellitus.
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increased the odds of hospital admission beyond
the counts, including acute bacterial infection/
unspecified site (OR ¼ 7.7; 95% CI, 5.7–10.5), acute
and unspecified renal failure (OR ¼ 5.8; 95% CI,
4.7–7.1), acute fluid and electrolyte disorders (OR ¼
4.1; 95% CI, 3.7–4.6), and chronic deficiency and
other anemia (OR ¼ 3.1; 95% CI, 2.5–3.8). Total
number of “E codes” (the ICD-9-Clinical
Modification [CM] supplemental section to describe
the external causes of injuries and poisonings) did
not increase chances of admission, but the specific E
code, “adverse effects of medical drugs,” did
increase the odds (OR ¼ 2.2; 95% CI, 1.9–2.5) and
the variable “injury by poisoning” also increased
the odds of admission (OR ¼ 2.2; 95% CI, 1.9–2.6).
In the multivariable model, chronic kidney disease
(CKD) reduced the odds of admission, (OR ¼ 0.87;
95% CI, 0.78–0.97), but in univariate analyses with-
out adjusting for other factors, CKD was associated
with higher odds. Therefore, CKD, after adjusting
for overall number of long-term and non-long-term
conditions, may have less impact on admission than
other chronic conditions. Lastly, the primary ICD-9
code for “primary hypoglycemia, unspecified” was
rarely used (4.1% of hypoglycemia cases), but when
it was used, the odds of admission were reduced
(OR ¼ 0.06; 95% CI, 0.04–0.09) compared to the
other primary codes such as the commonly used
“Diabetes with other specified manifestations.” The
AUROC for the multivariable model for inpatient
stay was 90.7%.
Although MEPS does not have the specificity to

define hypoglycemia events, MEPS can provide
high-level estimates of prevalence, expenditures,
and charges. Based on MEPS, 25,664,185 ± 799,523
noninstitutionalized individuals had diagnosed dia-
betes in 2013. Of these, 821,764± 125,679
(3.2%±0.5%) patients experienced ambulance expen-
ditures. The estimated number of patients who
experienced both ambulance expenditures and ED
expenditures was 65,697 ± 25,170 (0.26%±0.10%)
in 2013.
Of patients with diabetes in MEPS who used

ambulances in 2013, the average ambulance expend-
iture was $1244 ± $324, with a median of $664 ± $98
(Table 3). These are ambulance expenditures for any
reason for patients with diabetes. If patients had an
ED event for diabetes during 2013, their ambulance
transport expenditure averaged $3706 ± $2814, with
a median of $814 ± $301.
Regarding ED use, MEPS estimates that

456,148 ± 71,783 (1.8%± 0.3%) of patients with dia-
betes had at least one ED visit with a primary rea-
son related to diabetes in 2013, with or without
ambulance transport. Of these, MEPS estimates that

65,905 ± 34,174, or 0.26%±0.13% of all those with
diabetes, had multiple diabetes-related ED visits in
2013. Utilizing NEDS hypoglycemia events in the
ED, the average facility charges for an hypogly-
cemia ED event that did not lead to a hospital
admission was $3106± $86, whereas the facility
charges for hypoglycemia events that lead to a hos-
pital admission averaged $2041± $77 in the ED, and
$25,963± $722 for the combined ED and inpatient
facility charges, or an 8-fold increase over nonad-
mission hypoglycemia ED visits. MEPS analysis of
diabetes-related ED visits indicate an additional
physician charge of $425 ± $73 for nonadmission ED
events. If patients were admitted to the hospital,
MEPS physician charges averaged $587± $119 in the
ED and $401± $175 for inpatient stays.

DISCUSSION

This study evaluated patient characteristics, treat-
ment, and transport by EMS for hypoglycemia using
NEMSIS, and then utilized nationally representative
databases that focus on EDs and their inpatient
admissions to understand disposition and outcome,
as well as cost after treatment in the ED. The find-
ings indicate that management of hypoglycemia by
EMS is in line with national EMS clinical guidelines
(National Model EMS Clinical Guidelines Version
2.0, i.e., largely oral glucose, or IV dextrose, and if
an IV is not accessible, glucagon).
Reasons for nontransport reveal that the hypogly-

cemic event was likely treated successfully on-site
with dextrose or glucagon and that a patient did
not have other symptoms that would need further
evaluation in the ED or warrant hospitalization for
an acute medical event or exacerbation of an exist-
ing comorbidity. A rural setting led to an increased
likelihood of transport which is likely the “rural
paramedic paradox,” whereby paramedics are least
available in the rural communities where they may
be most needed (20, 21).
The NEDS data indicate that a majority of

patients in the ED for hypoglycemia are released
from the ED and are not admitted solely for hypo-
glycemia but for hypoglycemia in combination with
multiple varied acute conditions.
Diabetic emergencies (i.e., both hypoglycemia and

hyperglycemia) constitute 3 to 4% of EMS activa-
tions (22). Hypoglycemia is the most common dia-
betic emergency (17). Considering the MEPS and
NEDS estimates on costs of facilities and nonadmis-
sion physician charges, diabetic emergencies, specif-
ically hypoglycemia, are associated with
considerable resource use that has a significant eco-
nomic burden.
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This study sought to identify the characteristics of
those patients who required admission or additional
services in the ED in an attempt to help identify those
patients whom EMS could safely treat and release. In
2003, Lerner et al. reported a prospective study that
evaluated a structured treat-and-release protocol for
patients with hypoglycemia treated by paramedics
(23). The study observed 36 patients representing 38
events. No complications were reported after dis-
charge for 35 (92%) of the events; 2 patients devel-
oped recurrent hypoglycemia but did not require
further emergency care. The authors concluded that
patients with uncomplicated hypoglycemic events can
be treated successfully by paramedics and released.
According to the National Association of EMS physi-

cians (24), “When EMS systems that possess adequate
educational, medical direction, and quality improve-
ment resources choose to implement EMS-initiated
non-transport policies (including, but not limited to,
treat-and-release protocols, termination of resuscitation,
or on-site care for mass gatherings), third-party payers
should consider the relative cost savings associated
with providing on-scene care without subsequent trans-
port, and provide fair and reasonable reimbursement
for those services.” To date of this writing, only two
commercial payers provide reimbursement for ambu-
lance response and treatment, no transport.
The evolution of EMS from a reactive entity to a

proactive practice (i.e., interacting with patients
before they become acutely symptomatic and need
to call 9-1-1) of educating the community about
hypoglycemia prevention, risk factors, symptom rec-
ognition, and treatment is a possibility. This pro-
active approach together with growth of community
paramedicine represents an opportunity to decrease
the economic burden of diabetic emergencies.
Community paramedicine and mobile integrated
healthcare represent a progressive evolution in the
delivery of community-based care that allows role
expansion of EMS providers through the use of
non-emergent resources in the prehospital setting.
Community paramedicine EMS professionals can
provide medical assessment and preventive health-
care education tailored to the medical needs of the
patient while connecting them with appropriate
social services resources.

Limitations

The National NEMSIS database represents a registry of
EMS activations, rather than a registry of patients
receiving care. This is particularly true since multiple
emergency resources may respond to the same 9-1-1
call and submit a patient care report to the NEMSIS
repository. The other national datasets utilized in this
study are patient-based (MEPS) or ED event-based

(NEDS and NHAMCS). This difference in dataset focus
does not affect the integrity of the study since each
dataset was analyzed separately, and NEMSIS queries
focused on data within each record (e.g., oral glucose
administered within a record). Although NEMSIS data
are very complete for some variables, missing data and
use of null values occur more often for others (11).
NEMSIS also does not take into consideration data held
within the EMS narrative and, for example, where no
treatment was coded does not necessarily mean that
treatment was not given but rather a possible limitation
of improper documentation. Predictive ability, as meas-
ured by AUROCs, ranged between 75 and 78% for
NEMSIS results, midway between random and perfect
prediction. NEMSIS data does not include comorbid-
ities, which contribute so much to the predictive ability.
However, extensive information about the patient’s
comorbidities may be limited during an emergency
encounter. NEDS does not provide individual identifi-
cation variables; therefore, individuals may appear
multiple times in the database, which cannot be
accounted for in the analysis. Although the complex
survey design attempts to adjust for potential biases,
MEPS and NHAMCS have household and institutional
nonresponse/participation of those selected for study
inclusion and involve smaller sample sizes than
NEMSIS and NEDS. Multicollinearity among the inde-
pendent variables exists, but the datasets used for mod-
eling (NEMSIS and NEDS) have large sample sizes that
generally ameliorate this statistical issue.
Although the four data sources used in this study

cover US hypoglycemia health care from EMS to ED
to inpatient care, these data each represent different
stages of the process and do not follow the patients
from EMS activation through to hospital utilization.
The financial information available from each data
source also differs, in that NEMSIS and NHAMCS
do not provide such, NEDS provides charges but
not a cost to charge ratio, and MEPS provides both
charges and expenditures, but does not provide
ICD-9 coding for ambulance events. Therefore, we
cannot provide MEPS ambulance financial metrics
to allow specificity that they are clearly related to
the patients treated by EMS for hypogly-
cemia events.

CONCLUSION

EMS activations for hypoglycemia are common,
about one every 2minutes in the US, as estimated
by NEMSIS. Hypoglycemia events are appropriately
managed by EMS providers in a manner consistent
with established National Model EMS Clinical
Guidelines. More than 40% of patients were treated
and released at the scene and more than 70% were
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ultimately released from the ED. The median
charges from ambulance to ED range from approxi-
mately $900 to near $3000 per call. There is an
opportunity here to substantially reduce the eco-
nomic burden of hypoglycemia and improve
health outcomes.
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