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Abstract

Objective—To estimate the rate, characteristics and dispositions of hypoglycemia events among
persons who received care from Alameda County, California, Emergency Medical Services
(EMS).

Methods—This study was based on data for 601,077 Alameda County EMS encounters during
2013-2015. Subjects were defined as having hypoglycemia if EMS personnel recorded a primary
impression of hypoglycemia or low blood glucose (<60 mg/dl or “unspecified low”). The outcome
of interest was patient transport or non-transport to an emergency department or other care setting;
we excluded 33,177 (6%) encounters which lacked clear disposition outcomes.

Results—Among 567,900 eligible encounters, 8,332 (1.47%) were attributed to hypoglycemia,
of which 1,125 (13.5%) were not transported. Non-transport was more likely among males, adult
patients age <60, initial blood glucose >60 mg/dl or EMS arrival time 18:00 — 6:00.

Conclusions—Without an understanding of EMS encounters and non-transport rates,
surveillance based solely on emergency department and hospital data will significantly
underestimate rates of severe hypoglycemia. Additionally, given that hypoglycemia is often safely
and effectively treated by non-physicians, EMS protocols should provide guidance for non-
transport of hypoglycemic patients whose blood glucose levels have normalized.
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Introduction

Hypoglycemia is a common, unintended consequence of glucose-lowering treatment and has
become a public health and drug safety concern.1=3 Severe hypoglycemia is defined as a low
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blood glucose event requiring assistance from another person.* Severe hypoglycemia has
been associated with significant morbidity (poor quality of life, serious falls and car
accidents,® ventricular arrhythmia,” dementia,® hospitalizations®) and mortality.10:11
Surveillance based on emergency department (ED) or hospital utilization fails to capture up
to 95% of hypoglycemic events that occur outside of medical settings, including events for
which assistance is typically rendered by family members, other caregivers, or emergency
medical services (EMS) personnel.12.13 In the context of EMS encounters, all hypoglycemia
events are “severe” by definition since assistance was provided.

Limited data exist on the characteristics of EMS encounters for hypoglycemia and the rate at
which patients are transported to the ED. Since most current surveillance methods rely on
claims data, patients who are treated by EMS but not transported to the ED are not typically
captured in U.S. surveillance of hypoglycemia. Understanding the rate and factors associated
with non-transport by EMS are thus vitally important to improving the completeness of
hypoglycemia surveillance.

Local EMS protocols vary widely and often determine the likelihood of transport to the ED.
A recent study of pre-hospital protocols for hypoglycemia from 185 U.S. EMS agencies
found that less than half (49%) permitted non-transport of patients whose hypoglycemia had
been corrected.14 However, the actual rates of transport are not known. An EMS encounter
for a patient with hypoglycemia is typically initiated by a call to a “911” call center which
may dispatch fire department emergency medical technicians, paramedics or an ambulance.
Care is provided by the first personnel to arrive on the scene; if indicated and depending on
the local EMS protocol, the patient may be treated or transported by ambulance to an ED or
another care setting.

We conducted of study of hypoglycemia events encountered by a local EMS agency with a
robust data collection system that serves a large and diverse population. This paper will
describe the rate, characteristics and disposition of hypoglycemia events among patients who
received care from Alameda County Emergency Medical Services (ALCO EMS) during
2013-2015.

Research Design and Methods

Setting

Alameda County is an urban/suburban county in Northern California, 737 square miles in
area with a population of 1.6 million. ALCO EMS prescribes county-wide response,
treatment and transport protocols, and ongoing quality oversight and improvement strategies.
Paramedic-staffed first response engines and transport ambulances respond to approximately
150,000 EMS calls and transport 115,000 patients each year.

Paramedics in the ALCO EMS system use a point of care instrument to measure the blood
glucose for those patients with abnormal mentation and for those with other symptoms of
hypoglycemia. Prehospital protocols allow the treatment of hypoglycemia with intravenous
dextrose, oral dextrose, or intramuscular glucagon.
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ALCO EMS paramedics are empowered to allow patients with normal mental capacity to
refuse further medical care against EMS advice. The practice is to encourage transport to the
nearest emergency department, but in the setting of an appropriate non-transport, paramedics
are encouraged to be certain that the patient is accompanied and can tolerate eating. The
paramedic often consults with a base physician regarding specific medical cases.

Data Sources

Results

ALCO EMS maintains a database of all EMS encounters by first responders or ambulance
transport; encounter records include data such as location, date and time of encounter,
patient sex and date of birth, findings (e.g. glucose test results, primary impression),
procedures performed (e.g., oral dextrose administered) and disposition (transport or non-
transport to an ED or other care setting). This study was based on data for 601,077 Alameda
County EMS encounters during 2013-2015.

Encounters were defined as hypoglycemia if EMS personnel recorded a primary impression
of hypoglycemia or a low blood glucose (<60 mg/dl (the cutpoint used in ALCO EMS
protocols) or “unspecified low™).

The outcome of interest was patient transport or non-transport to an emergency department
or other care setting; thus, we excluded 33,177 (6%) encounters which lacked clear
disposition outcomes (unknown/missing, died at scene, no patient found, or flight crew
return).

This study was approved by the Kaiser Permanente Northern California (KPNC)
Institutional Review Board and was supported by funding from NIH (R0O1 DK103721).

Among 567,900 eligible encounters, 8,332 (1.47%) were identified as hypoglycemia; 1,125
(13.5%) were not transported. (Table 1) Non-transport was more likely among males, adult
patients age <60, initial blood glucose >60 mg/dl, and EMS arrival time 18:00 — 6:00.

There was imperfect agreement between a primary impression of hypoglycemia and
documented low blood glucose (Table 2). Among the 6,515 encounters with a primary
impression of hypoglycemia, 5,459 (83.8%) also had documented low blood glucose. In the
remaining 1,056 (16.2%) encounters which did not have documented low blood glucose, the
patients may have received assistance prior to EMS arrival, had “probable symptomatic
hypoglycemia™ (i.e., symptoms but no documented blood glucose) or had “relative
hypoglycemia™ (i.e., typical symptoms but blood glucose >60 mg/dl).

Among the 7,276 encounters with documented low blood glucose (<60 mg/dL or
unspecified low value), 1,817 (25.0%) had a primary impression other than hypoglycemia;
in most instances, the primary impression did not rule out hypoglycemia (e.g., missing
(n=168), altered level of consciousness (n=299), general weakness (n=238)), but in some
instances there were conditions which may have been more salient than hypoglycemia (e.g.,
cardiac arrest (n=75)) which was accompanied by low blood glucose.
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Discussion

In Alameda County during 2013-2015, 1 in 7 (13.5%) EMS encounters for hypoglycemia
did not result in transport to an emergency department. These encounters would be missed in
typical surveillance studies that rely solely on claims data or emergency department or
hospitalization records.

Previous studies found rates of non-transport for hypoglycemia in the range of 25%-93%,
though some variations are due to reporting differences (Figure).15-23 The U.S. National
EMS Information System (NEMSIS) included over 61 million EMS encounters during 2014
to mid-2016: 772,753 (1.26%) encounters were hypoglycemia events of which 37% were
not transported to the ED.24 However the completeness of NEMSIS ascertainment is unclear
and we cannot establish whether these data are representative of all US events. Nonetheless,
the rate of non-transport for hypoglycemia in Alameda County is well below NEMSIS rates
or reports in the literature.

Consistent with other reports, we found that non-transport was more likely among younger
(e.g., adults <60 years)15:16.21.23 or male15.21 patients or for encounters during midnight to
6:00 am.21:22 Other factors which have previously been found to be associated with non-
transport but were not available in our study include insulin use,1517.21.22 type 1
diabetes,20:21.23 not living alone?3 and multiple previous episodes.23 We also lacked data on
comorbidities, medication use or insurance status; data on race/ethnicity were missing for
75% of encounters. Finally, non-transport may depend on other factors not captured in our
data, such as paramedic decision-making, patient preferences or alternative transport modes:
Villani et al, for example, reported that 53% of non-transports were due to the EMS deeming
transfer unnecessary, 38% were due to the patient refusing transport to hospital, and 8%
were transported to hospital by private means or referred to a local medical officer.21 A
strength of our study was the full three years of data for Alameda County, which has a large
and diverse population.

While many have reported that non-transport can be safe,15-19 |jttle is known about
subsequent outcomes or hypoglycemia recurrence after non-transport. A prospective,
observational study involving all adult (>15 years) hypoglycemic patients attended to by the
EMS system in the Halifax Metropolitan area in Nova Scotia was conducted by Cain et al.1®
During a ten-month interval, there were 220 EMS calls for hypoglycemia (66% not
transported): while repeat episodes of hypoglycemia were common, recurrences within 48
hours were not, and admission to the hospital was rarely required. There appeared to be no
difference in the incidence of recurrences and repeat episodes of hypoglycemia between
transported and non-transported insulin-treated patients, regardless of age.

Differences in non-transport rates may be driven largely by local EMS protocols, rather than
individual medical necessity. As a result, EMS personnel may have little discretion to release
a patient at the scene, even if blood glucose normalizes. However, protocols to reduce
unnecessary transport have been tested. In Germany, after the introduction of training in
prehospital emergency therapy for severe hypoglycemia, the non-transport of type 1 diabetic
patients increased from 8% to 25%.17 In West Hampshire, UK, paramedics were trained to
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direct the majority of diabetes patients with hypoglycemia to community diabetes services
and patients were taken to the ED only when “absolutely necessary;” after the introduction
of the protocol, 23% of 291 patients experiencing a hypoglycemic episode were referred to
the community diabetes specialist team, and non-transport to hospital increased from 12% to
40% of patients.2>

In the US, most EMS agencies are reimbursed only for transporting patients to an ED, but
new models of care — such as “mobile integrated healthcare community paramedicine”26 or
“mobile health care providers”2” offering additional training, a team approach and an
emphasis on preventing unnecessary transport — could reimburse for care and reduce
unnecessary transport. Given that hypoglycemia is often safely and effectively treated by
non-physicians, EMS protocols should provide guidance for non-transport of hypoglycemia
patients whose blood glucose normalizes after treatment.

Conclusion

Among EMS encounters with patients with hypoglycemia in Alameda County, we found a
low, but significant rate of non-transport to an emergency department; however, this rate is
substantially less that what has been reported elsewhere. Additional research is needed to
better understand the frequency and characteristics of non-transport in EMS encounters with
hypoglycemia patients. Our study demonstrates that, without an understanding of EMS
encounters and non-transport rates, surveillance relying solely on emergency department and
hospital data underestimates the true incidence of severe hypoglycemia events. Moreover,
given the geographical variation in the rates of non-transport, the degree of under-
ascertainment will vary regionally, often substantially.
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Figure. Non-transport rates for prehospital encounters for hypoglycemia
Figure caption (for details and variations of specific reporting):
Milwaukee, 1995: 412 of 571 (72%) 911 calls for hypoglycemia were successfully treated

and subsequently refused transport.1

Ontario, Canada, 1999-2000: 68 of 100 patients (68%) refused transport.16
Detmold/East Westphalia, Germany, 1997-2000: 25% of 213 events were treated at the

scene and not transported.1’

Finland, 2001: 62 of 69 patients (90%) were left at the scene after treatment.18

Halifax, 2002: 145 of 220 (66%) EMS encounters were not transported.19

Olmsted County, Minnesota, 2003—-2009: 368 of 914 (40%) patients were not transported.20
Victoria, Australia, 2009-2011: 62% of 12,411 hypoglycemia events not transported.2!
East Midlands, UK, 2010-2011: 70% of 523 events were not transported.22

Yorkshire, UK, 2005-2013: 93% of 1,835 events were not transported.23

Alameda County, 2013-2015: 13.5% of encounters were not transported.

U.S. National EMS Information System (NEMSIS) (U.S., 2014-2016): 37% of 772,753

encounters were not transported.24
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Characteristics of Alameda County Emergency Services encounters (2013-2015) for hypoglycemia events,
stratified by disposition (N with column % unless otherwise indicated)

Disposition
ALL Transported | Not transported | ; yq)yed
All, N (row %) 8,332 7,207 (86.4) 1,125 (13.5)
Race/ethnicity 0.20
African American 808 (9.7) 720 (10.0) 88 (7.8)
Asian/Filipino 230 (2.8) 197 (2.7) 33(2.9)
White 819 (9.8) 712 (9.9) 107 (9.5)
Other 223 (2.7) 189 (2.6) 34 (3.0)
Missing/unknown 6252 (75.0) | 5389 (74.8) 863 (76.7)
Sex <0.0001
Female 3692 (44.3) | 3256 (45.2) 436 (38.8)
Male 4634 (55.6) | 3949 (54.8) 685 (60.9)
Unknown 6(0.1) 2(0.0) 4(0.4)
Age (years) <0.0001
0-18 90 (1.1) 81 (1.1) 9(0.8)
19-39 902 (10.8) 704 (9.8) 198 (17.6)
40-59 2309 (27.7) | 1906 (26.5) 403 (35.8)
60-75 2032 (35.2) | 2549 (35.4) 383 (34.0)
>75 2094 (25.1) | 1966 (27.3) 128 (11.4)
Missing 5(0.1) 1(0.0) 4(0.4)
Primary impression <0.0001
Hypoglycemia 6515 (78.2) 5538 (76.8) 977 (86.8)
Missing/none 168 (2.0) 116 (1.6) 52 (4.6)
Altered level of consciousness (Not hypoglycemia or seizure) 299 (3.6) 285 (3.9) 14 (1.2)
General weakness 238(2.9) 223(3.1) 15(1.3)
Cardiac arrest 75 (0.9) 74 (1.0) 1(0.2)
Hyperglycemia 93(1.1) 79(1.1) 14 (1.2)
Seizure 73 (0.9) 69 (1.0) 4(0.4)
Syncope/near syncope 73 (0.9) 64 (0.9) 9(0.8)
Dizziness/vertigo 43 (0.5) 38 (0.5) 5(0.4)
Abdominal pain/problems 68 (0.8) 66 (0.9) 2(0.2)
Traumatic injury - non-activation 67 (0.8) 64 (0.9) 3(0.3)
Behavioral/psychiatric crisis 65(0.8) 64 (0.9) 1(0.1)
All other primary impressions 555 (6.7) 527 (7.3) 28 (2.5)
First EMS Blood Glucose (mg/dL) - Categorical <0.0001
<60 (includes “unspecified low™) 7276 (87.3) 6362 (88.3) 914 (81.2)
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ALL Transported | Not transported | ; yq)yed
260 775 (9.3) 604 (8.4) 171 (15.2)
Missing 281 (3.4) 241 (3.3) 40 (3.6)
Medications (not mutually exclusive)
Dextrose 10%% 1205 (14.5) | 1081 (15.0) 124 (11.0) <0.001
Dextrose 25% 10 (0.1) 9(0.12) 1(0.1) 0.75
Dextrose 50%% 2890 (35.7) | 2536 (35.2) 354 (31.5) 0.015
Glucose paste 0 0 0 N/A
Glucagon 1(0.0) 1(0.0) 0 1.00
Pickup location <0.0001
Assisted living/nursing home 650 (7.8) 636 (8.8) 14 (1.2)
Clinic 156 (1.9) 146 (2.0) 10 (0.9)
Home/residence 5903 (70.9) 5170 (71.7) 733 (65.2)
Place of business/school 741 (8.9) 574 (8.0) 167 (14.8)
Street/highway 517 (6.2) 464 (6.4) 53 (4.7)
Other 222 (2.7) 184 (2.6) 38 (3.4)
Missing 143 (1.7) 33(0.5) 110 (9.8)
Transport destination
ED/Hospital 5680 (78.8)
Medical office/clinic 0
Home 0
Other 2(0.0)
None 7(0.1)
Missing 1518 (21.1)
Alcohol use (yes) 125 (1.5) 119 (1.7) 6 (0.5) 0.004
EMS Arrival Time <0.001
midnight-5:59 1530 (18.4) | 1297 (18.0) 233 (20.7)
6:00-11:59 2266 (27.2) | 2009 (27.9) 257 (22.8)
12:00-17:59 2492 (29.9) | 2169 (30.1) 323(28.7)
18:00-23:59 2044 (24.5) | 1732 (24.0) 312 (27.7)

aChi-Square for category or row

b . . . . .
During the course of this study (2015), the standard intravenous dextrose concentration was changed from a 50% to a 10% solution.
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Primary impression versus low blood glucose

Low blood glucose

No (=60 mg/dL or missing)

Yes (<60 mg/dL or “unspecified low™)

Primary impression: hypoglycemia

No 0 1,817 1,817
Yes 1,056 5,459 6,515
1,056 (12.7) 7,276 (87.3) 8,332
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