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Abstract

Background: The utility and efficacy of bolus dose vasopressors in hemodynamically unsta-
ble patients is well-established in the fields of general anesthesia and obstetrics. However, in
the prehospital setting, minimal evidence for bolus dose vasopressor use exists and is pri-
marily limited to critical care transport use. Hypotensive episodes, whether traumatic,
peri-intubation-related, or septic, increase patient mortality. The purpose of this study is
to assess the efficacy and adverse events associated with prehospital bolus dose epinephrine
use in non-cardiac arrest, hypotensive patients treated by a single, high-volume, ground-
based Emergency Medical Services (EMS) agency.

Methods: This is a retrospective, observational study of all non-cardiac arrest EMS patients
treated for hypotension using bolus dose epinephrine from September 12, 2018 through
September 12, 2019. Inclusion criteria for treatment with bolus dose epinephrine required
a systolic blood pressure (SBP) measurement <90mmHg. A dose of 20mcg every two
minutes, as needed, was allowed per protocol. The primary data source was the EMS
electronic medical record.

Results: Forty-two patients were treated under the protocol with a median (IQR) initial
SBP immediately prior to treatment of 78mmHg (65-86) and a median (IQR) initial mean
arterial pressure (MAP) of 58mmHg (50-66). The post-bolus SBP and MAP increased to
93mmHg (75-111) and 69mmHg (59-83), respectively. The two most common patient
presentations requiring protocol use were altered mental status (55%) and respiratory failure
(31%). Over one-half of the patients treated required both advanced airway management
(62%) and multiple bolus doses of vasopressor support (55%). A single episode of transient
severe hypertension (SBP>180mmHg) occurred, but there were no episodes of unstable
tachyarrhythmia or cardiac arrest while en route or upon arrival to the receiving hospitals.
Conclusion: These preliminary data suggest that the administration of bolus dose epineph-
rine may be effective at rapidly augmenting hypotension in the prehospital setting with a
minimal incidence of adverse events. Paramedic use of bolus dose epinephrine successfully
increased SBP and MAP without clinically significant side effects. Prospective studies with
larger sample sizes are needed to further investigate the effects of prehospital bolus dose
epinephrine on patient morbidity and mortality.

Patrick C, Ward B, Anderson J, Fioretti J, Rogers Keene K, Oubre C, Cash RE,
Panchal AR, Dickson R. Prehospital efficacy and adverse events associated with bolus
dose epinephrine in hypotensive patients during ground-based EMS transport. Prebosp
Disaster Med. 2020;35(5):495-500.

Introduction

Hypotensive episodes, whether traumatic, peri-intubation-related, or resulting from septic
shock, have been shown in both the emergency department (ED) and prehospital settings to
increase both patient morbidity and mortality.!"® Prehospital hypotension is also quite
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= Delayed Sequence Intubation (PROC-01F)
= Sepsis (AM-14)
= Non-Traumatic Shock (AM-11)

= Post Cardiac Arrest (ACA-03
Contraindications:

= SBP>90

General:

vasopressor drip is initiated.

Equipment:

Hemorrhage — relative. PDE may be used in bleeding/trauma patients undergoing DSI

= Bolus dose epinephrine is to be utilized as a bridge to vasopressor drip in hypotensive patients with
SBP<90. ImL of 1:10,000 cardiac epinephrine is to be mixed with 9mL of 0.9% normal saline for a
final concentration of 10mcg/mL. 20mcg doses may be repeated Q2min PRN SBP<90 until

= 10mL 0.9% NS syringe and ImL of 1:10,000 cardiac epinephrine

Medication:

= Epinephrine is a Beta-1 and Beta-2 receptor agonist that causes increased cardiac contractility,

increased peripheral vasoconstriction and bronchodilation.
Considerations:

= Verbalize mixing steps and final concentration to your partner

= Push dose epinephrine is meant to be a temporizing bridge to vasopressor drip

= Push dose epinephrine should be given in conjunction with a fluid bolus — “Fill the Tank”

= Jf1:10,000 cardiac epinephrine is unavailable, then 1mL of 1:1000 epinephrine is to be mixed in a
100mL bag of 0.9% normal saline for a final concentration of 10mecg/ml.

Figure 1. Push Dose Epinephrine Protocol.

common, occurring in almost five percent of critical ground-based
transports and in over ten percent of Emergency Medical Services
(EMS) transports involving mechanically ventilated patients.”®

Bolus dose vasopressors have been used successfully in the
ED,*1 as well as in the fields of anesthesia, pediatric critical care,
and obstetrics, to quickly and effectively augment hypotension.!!"13
Varying agents have been studied including phenylephrine, norepi-
nephrine, epinephrine, and vasopressin. Due to the familiarity and
ubiquity of epinephrine throughout EMS, this is an obvious poten-
tial pharmacologic solution. Epinephrine has the advantage of
having both alpha-1 and beta-1 adrenergic receptor agonist effects
yielding a combination of increased peripheral vasoconstriction,
chronotropy, and inotropy.'* Vasopressor use was long thought
to require central venous access for administration, limiting preho-
spital usage. However, recent evidence demonstrates safety when
administering vasopressors via peripheral access.!”

Within the prehospital literature, the evidence for bolus dose
vasopressor use is limited to helicopter EMS (HEMS) and critical
care transport services'®!” and has not been evaluated in a ground-
based EMS environment. In this study, the efficacy of prehospital
bolus dose epinephrine was assessed, and adverse events during
transport were noted, in hypotensive (SBP<90mmHg), non-cardiac
arrest patients by paramedics within a high-volume, ground-based

EMS agency.

Methods

Study Design and Setting

This was a retrospective chart review of all EMS patient care
records of subjects treated for acute hypotension with bolus dose
intravenous (IV) epinephrine from September 12, 2018 through

September 12, 2019 by a large, suburban, county-based EMS ser-
vice in Texas (USA). The data review was a part of a quality
improvement evaluation of a previously developed EMS protocol
for the treatment of hypotension as defined by SBP <90mmHg.
The EMS agency employs approximately 250 Advanced Life
Support providers supported by over 1,000 Emergency Medical
Technicians in 13 first responder organizations. The service area
covers 1,100 square miles and responds to more than 70,000 annual
calls for service. This study was approved by the Baylor College of
Medicine (Houston, Texas USA) Institutional Review Board with
a waiver of informed consent (Protocol H-46037).

Patient inclusion criteria for initial EMS chart review included
all patients who were given bolus dose epinephrine throughout the
study period. Then, the patients who were given the treatment
post-cardiac arrest were removed in order to assess strictly hypoten-
sive patients not associated with an initial cardiac arrest event,
consistent with the objective of the study.

The developed EMS protocol for bolus dose epinephrine used
in this study is noted in Figure 1. Paramedics initially identified
SBP<90mmHg and then administered 20mcg of epinephrine
which could be repeated in two minutes if the SBP remained less
than 90mmHg. Crystalloid fluid was also available and encouraged
within this protocol. The paramedics were instructed to mix 1mL
1:10,000 epinephrine with 9mL of 0.9% normal saline for a final
epinephrine administration concentration of 10mcg/mL.

As part of the release of this protocol, 250 paramedics under-
went an initial, mandatory two-hour training session that included
a review of vasopressor pharmacology, focused didactic instruction
on the pathophysiology, and clinical findings in the various types of

acute decompensated shock, along with an introduction to specifics
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Figure 2. Patient Exclusion/Inclusion Flowchart.

of the bolus dose epinephrine treatment protocol (Figure 1). The
training sessions occurred approximately one month prior to pro-
tocol deployment. This knowledge was then reinforced by two
podcasts, produced in-house, which were available and promoted
for the duration of the study period. Providers demonstrated an
understanding of acute decompensated shock and the vasopressor
treatment protocol through both written and psychomotor exami-
nations at the conclusion of the mandatory training session.

Measures

Data were abstracted from the EMS electronic patient care reports
(ePCRs) by a two-person expert review panel (one physician and
one paramedic) with a standardized data collection form. The study
variables included demographic information and hemodynamic
data throughout patient transport. Epinephrine routes of adminis-
tration and dosages given by EMS were compiled from the ePCRs
as well. Additional information collected included EMS fluid
administration volume and EMS on-scene time and patient trans-
port times. Hemodynamic data such as blood pressure measure-
ments and heart rate during EMS transport were also collected.
The vital sign data immediately before and five minutes after epi-
nephrine administration were used in the analysis. Finally, the inci-
dence and type of EMS advanced airway management (defined as
endotracheal intubation or supraglottic airway placement), along
with the rate of vasopressor continuous drip administration follow-
ing bolus dose epinephrine, were collected as well.

497
Characteristic n %
Age, years 42
Median (IQR) 68 57 - 80
Range 38 -95
Sex
Male 19 45.2
Female 23 54.8
Race
White 36 85.7
Black 3 71
Hispanic 2 4.8
Asian 1 2.4

Patrick © 2020 Prehospital and Disaster Medicine
Table 1. Demographics of Patients Receiving Prehospital Push
Dose Epinephrine

Analysis

All analyses were completed using Microsoft Excel (Microsoft
Corporation; Redmond, Washington USA) and Stata IC Version
15.1 (StataCorp LLC; College Station, Texas USA). Descriptive sta-
tistics were calculated with median (IQR) presented for continuous
variables of frequency (%) presented for categorical variables.

Results

A total of 157 EMS patient charts were identified and reviewed
that satisfied the inclusion criteria. From these charts, 112 patients
were determined to not qualify for inclusion due to an initial pre-
sentation in cardiac arrest (Figure 2). Two patients were excluded
due to missing vital sign values and a final patient was excluded due
to a medication error. Five patients were hypotensive with SBP
<90mmHg and satisfied inclusion criteria, however, these patient’s
blood pressure readings just prior to administration of medication
increased above SBP 90mmHg. These were included since the
intention to treat by protocol was previously established. Forty-
two patients were included in the final evaluation.

Of the 42 patients included in the final chart review, these
patients had a mean age of 68 years-old, most were white, and
had a slight female predominance (Table 1). These were primarily
medical patients with 41/42 (98%) receiving bolus dose epineph-
rine for a medical indication (Table 2). The most common primary
patient complaints documented by paramedics were altered mental
status in 23/42 (55%) and respiratory failure in 13/42 (31%). Also,
the most common indications for bolus dose epinephrine were
general hypotension in 17/42 (41%), pre-delayed sequence intuba-
tion in 16/42 (38%), and sepsis in 9/42 (21%).

The median on-scene EMS time for these patients was
32 (21-46) minutes with a median transport time of 16 (10-20)
minutes (Table 2). These scene times were slightly longer than
the overall EMS median system scene times, which was expected
considering the higher than average rate of advanced airway man-
agement in this cohort. The transport times, however, were similar
to the overall EMS system transport times. Other treatments
included a 0.9% normal saline bolus in 40/42 (95%) patients.
The median volume of normal saline administered was 600mL
(400-1000). This was a critically ill group of patients with 26/42
(62%) of the patients requiring advanced airway management dur-
ing EMS care and 20/42 (48%) requiring continued vasopressor
drip administration after bolus dose epinephrine use (Table 2).
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Characteristic n % Characteristic n %
Indication Route
General Hypotension 17 40.5 \Y 34 81.0
Pre-DSI 16 38.1 10 8 19.0
Sepsis 9 214 Number of Doses
Chief Complaint 1 19 452
Altered Mental Status 23 54.8 2 13 31.0
Respiratory Failure 13 31.0 3 4 9.5
Overdose 2 4.8 4 3 71
Seizure 2 4.8 5 2 4.8
Anaphylaxis 1 2.4 6 0 0
Burn 1 2.4 7 1 2.4
Medical or Trauma Median (IQR) 2 2-1
Medical 41 97.6 Range 1-7
Trauma 1 2.4 Total Epi
Airway Administered, mcg
None 16 38.1 Median (IQR) 35 20-40
ETT o5 59.5 Range 10 - 140
- Patrick © 2020 Prehospital and Disaster Medicine
iGel L 24 Table 3. Dose and Route Information for Push Dose Epinephrine
Pressor Drip after PDE 20 47.6 Patients
Total Fluids Administered, ml Abbreviations: 10, intraosseous; IV, intravenous.
Median (IQR) 600 400 - 1000
Range 0 - 2000 epinephrine. However, the blood pressure then decreased to
On-Scene Time, minutes 120/58 in eight minutes without any additional treatment.
Median (IQR) 32 21-46 The patient was normotensive upon ED arrival and had no
Range 6-60 arrythmia, chest pain, or other complaints. There were no other
Transport Time, minutes reported adverse events during transport.
Median (IQR) 16 10 - 20 Discussion
Range 2-52 This study is the first ground-based EMS evaluation of the use of

Patrick © 2020 Prehospital and Disaster Medicine
Table 2. Clinical Characteristics of Patients Receiving Push
Dose Epinephrine
Abbreviations: DSI, delayed sequence intubation; ETT, endotracheal
tube; PDE, push dose epinephrine.

Opver three-quarters of patients required only one or two boluses
of epinephrine (Table 3). Of the patients treated, 19/42 (45%)
received a single 20mcg dose and 13/42 (31%) received a second
20mcg dose (Table 3). The patients primarily received bolus dose
epinephrine via IV route as opposed to intraosseous (I0) admin-
istration: 34/42 (81%) patients received treatment via IV versus
8/42 (19%) through 10 route (Table 3).

Patients treated with IV bolus epinephrine had a median initial
EMS SBP of 78mmHg (65-86; Table 4). The median SBP five
minutes post-EMS bolus dose epinephrine administration was
93mmHg (75-111). Bolus dose epinephrine patients also had a
median initial EMS mean arterial pressure (MAP) of 58mmHg
(50-66). The median MAP five minutes post-EMS bolus dose epi-
nephrine administration was 69mmHg (59-83). The median pulse
following bolus dose epinephrine was unchanged at 96 (80-116)
beats per minute before and 95 (82-113) following treatment
(Table 4). Of the patients treated, 36/42 (86%) had an improvement
in SBP. One patient had a brief hypertensive episode, which resolved
without treatment, during EMS transport following a 20mcg dose of
epinephrine. The blood pressure in this specific patient increased
from 68/44 pre-treatment to 193/131 following 20mcg of

bolus dose epinephrine in non-cardiac arrest hypotensive patients.
The increase in SBP and MAP demonstrated in this study with
initial epinephrine bolus administration during EMS transport
are consistent with prior ED and HEMS results.>!® This was
an acutely unstable patient population with approximately one-half
requiring both multiple doses of bolus dose epinephrine along with
continuation of a vasopressor drip infusion. Patients also were aggres-
sively fluid resuscitated receiving an average of nearly 750mL 0.9%
normal saline during EMS transport. Two-thirds of the patients
required advanced airway management as well. As expected, the
adverse effect of hypertension after treatment with epinephrine
was observed at a rate (2.4%) consistent with that seen in larger
studies.'® The single occurrence of hypertension seen in this study
resolved without additional treatment or significant clinical con-
sequences. The results suggest that prehospital administration of
bolus dose IV epinephrine may be effective with minimal adverse
events and are a first step in evaluating a possible role for bolus
dose IV epinephrine in the prehospital setting of non-cardiac
arrest associated hypotension.

One concern in this study was whether prehospital providers
could correctly administer bolus dose epinephrine without medi-
cation errors. Others have brought similar concerns with ED
physicians attempting to mix and administer bolus dose vasopres-
sors in the hospital setting as well.'>1? In this evaluation, a single
medication error occurred that was not included in the final evalu-
ation but warrants discussion. Due to epinephrine shortages,
EMS medication stock was limited and changed from 1:10,000
to 1:1,000 epinephrine concentration, so the bolus dose concentration
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Vital Sign HR (bpm) SBP (mmHg) DBP (mmHg) MAP (mmHg)
Pre

Median (IQR) 96 (80 - 116) 78 (65 - 86) 48 (40 - 55) 58 (50 - 66)

Range 45 - 157 32-116 24 -78 27 -90
Post

Median (IQR) 95 (82 - 113) 93 (75-111) 57 (48 - 69) 69 (59 - 83)

Range 55 -149 42 - 193 26 - 131 31-154
Change

Median (IQR) 1.5(-3t09) 15 (3 - 28) 10 (2 -18) 11 (5-22)

Range -48 to 68 -26 to 125 -25 to 87 -25to 100

Patrick © 2020 Prehospital and Disaster Medicine

Table 4. Pre/Post and Chan%e in Vital Si%ns of Patients Receiving Push Dose Epinephrine

Abbreviations: DBP, diastolic blood pressure;

given to the patient was 100mcg/mL as opposed to 10mcg/mL. This
particular patient had no hypertension, tachycardia, or arrhythmia
during transport and arrived at the ED without event. In fact, prior
prehospital studies safely used starting doses of 100mcg when utilizing
bolus dose epinephrine.!” To prevent additional occurrences of dosing
errors, further paramedic education was provided, and the protocol
was amended to include instructions on mixing bolus dose epineph-
rine using the 1:1,000 epinephrine concentration as well. The use of
pre-prepared standardized preparations may also improve the safety of
prehospital bolus dose vasopressor administration.

The primary motivation for development of this protocol was
the need for a rapid, simple, and available method to treat hypo-
tension when managing hemodynamically unstable patients in
the austere prehospital environment. Preparation and administra-
tion of a vasopressor drip is time consuming and often only possible
when inside the ambulance; therefore, bolus dose vasopressors
function as a bridge to definitive therapy while on scene. In ED,
intensive care unit, and operating room settings, bolus dose IV epi-
nephrine has been shown to be safe and effective in augmenting
hypotension.” 32022 Bolus dose epinephrine has also been studied
in the prehospital HEMS and critical care transport settings,'®17
but this study is the first to evaluate prehospital bolus dose epineph-
rine for hypotensive patients in a ground-based EMS service. Even
transient peri-intubation hypotension is known to increase mortal-
ity in the hospital setting,” and mortality benefit has been noted
with earlier initiation of vasopressor therapy in septic shock patients

R, heart rate; MAP, mean arterial pressure; SBP, systolic blood pressure.

as well.2324 Considering two-thirds of the patients treated with
bolus dose epinephrine in this study required advanced airway
management and almost one-half were treated pre-delayed
sequence intubation, it is possible that larger studies may demon-
strate mortality benefits as a result of this aggressive hemodynamic
management.

Limitations

This study was limited by its retrospective nature, small sample
size, and due to the fact that patients were treated within a single
ground-based EMS agency. Further, small sample size limited the
ability to study the effects of bolus dose epinephrine on both safety
and prehospital morbidity and mortality. Randomized studies with
larger sample sizes are needed to further investigate the effects
of prehospital bolus dose epinephrine on patient morbidity and
mortality in EMS patients with hypotension.

Conclusion

This study is the first ground-based EMS prehospital evaluation
of the use of bolus dose IV epinephrine for hypotension in non-
cardiac arrest patients. Under this prehospital protocol, SBP was
successfully augmented with minimal adverse events and no deaths
or arrhythmia during transport. Future work must be directed at
evaluating the safety and possible mortality benefits from prehospi-
tal bolus dose epinephrine administration.
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