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Abstract

Background:Esmololmay increase survival for patientswith refractory ventricular fib-

rillation (RVF); however, information related to esmolol use in the prehospital environ-

ment is limited. We aimed to assess the feasibility of prehospital bolus dose esmolol

for patients with RVF treated by a high-volume, ground-based emergencymedical ser-

vices (EMS) agency.

Methods: Esmolol (0.5 mg/kg single bolus) was added to the RVF protocol on Decem-

ber 10, 2018. Feasibility was defined as esmolol administration in >75% of RVF cases.

Secondarily, we compared the proportion of patients with prehospital return of spon-

taneous circulation (ROSC), 24-hour survival, and survival to hospital discharge dur-

ing the intervention period (December 10, 2018–June 10, 2020) to a historical control

period (June 10, 2017–December 9, 2018) using chi-square tests.

Results: Before the protocol change, 63 patients with RVF were identified. After

esmolol was added, 70 patients with RVF were identified and 61 (87%) received

esmolol. Prehospital ROSC was higher in the esmolol group compared to the histor-

ical control group, though statistical significance was not reached (38% versus 24%,

P = 0.09). Overall, few patients survived to 24 hours (esmolol n = 15, pre-esmolol

n = 16) and fewer survived to hospital discharge (esmolol n = 5, pre-esmolol n = 5),

precluding stable statistical comparisons.

Conclusion: Collectively, these findings suggest that EMS clinicians are able to accu-

rately identify RVF and administer esmolol in the prehospital setting and that ROSC

may be increased. Further large-scale studies are needed to determine the effect of

prehospital esmolol for RVF as it relates to neurologically intact hospital discharge.
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1 INTRODUCTION

1.1 Background

Refractory ventricular fibrillation (RVF) is characterized as cardiac

arrestwithpersistent ventricular fibrillationdespite initiationofAmer-

ican Heart Association advanced cardiac life support (ACLS), three

defibrillations, three 1 mg doses of epinephrine and amiodarone

administration.1,2 RVF represents a specific subset of out-of-hospital

cardiac arrest (OHCA) unlike the classic electrical storm described in

the cardiology literature.3,4 Outcomes for patients experiencing RVF

are dismal, even when current standards of care are delivered.5,6

1.2 Importance

RVF is thought to result from adrenergic surge, often secondary to

acute coronary occlusion and myocardial ischemia. Esmolol, an ultra-

short acting beta-adrenergic antagonist, has been proposed as a treat-

ment option for patients with RVF.7 Two small hospital-based obser-

vational studies collectively totaling 66 patients8,9 and earlier ani-

mal studies10–12 have suggested increased survival in RVF with the

addition of esmolol to standard ACLS care. However, RVF is often

first encountered outside the emergency department or hospital envi-

ronment, warranting examination of esmolol as a potential treatment

option for use by emergency medical services (EMS) clinicians in the

prehospital setting.

1.3 Goals of this investigation

In this study, we sought to evaluate the feasibility of prehospital bolus

dose esmolol for patientswith cardiac arrest progressing toRVFwithin

a high-volume, ground-based EMS agency. Secondarily, we compared

prehospital return of spontaneous circulation (ROSC), 24-hour sur-

vival, and survival to hospital discharge between patients treated with

esmolol and those treated during a historical control period immedi-

ately preceding the introduction of esmolol into the prehospital RVF

protocol.

2 METHODS

2.1 Study design and setting

In this retrospective observational analysis, we examined the effects of

introducing esmolol to the cardiac arrest with RVF protocol of a large,

suburban, EMS agency in Texas. Montgomery County Hospital District

(MCHD) is a ground-based EMS agency that employs approximately

250 advanced life support medics and provides medical direction for

more than 1000 first responders. In a service area encompassing 1100

square miles, MCHD responds to more than 70,000 annual calls for

service. This study was approved by the institutional review board at

The Bottom Line

This before-and-after study evaluated an emergency medi-

cal services (EMS) protocol change for refractory ventricu-

lar fibrillation that added a bolus of intravenous esmolol. The

authors found that the EMS system was able to successfully

implement the protocol change. The results also suggested

that patients treated with esmolol may have higher rates of

return of spontaneous circulation, though this was not sta-

tistically significant and is a hypothesis to be tested in future

studies.

The Baylor College of Medicine and a waiver of informed consent was

granted.

2.2 Intervention

A single 0.5 mg/kg bolus of esmolol was added to the prehospital

cardiac arrest treatment protocol for RVF on December 10, 2018.

Before December 10, 2018, the treatment protocol for RVF followed

standard ACLS recommendations including high-quality cardiopul-

monary resuscitation (CPR), epinephrine administration, 3 defibrilla-

tions, antiarrhythmic administration, and advanced airway manage-

ment with either an endotracheal tube or supraglottic device. Dual

sequential defibrillation (DSD) was available and encouraged but not

required.

Approximately 1 month before the deployment of esmolol, all

MCHD paramedics underwent a mandatory 2-hour training session

that included a review of cardiac arrest physiology, focused didactic

instruction on the pathophysiology and clinical findings in RVF, and

an introduction to specifics of esmolol pharmacology and the updated

RVF treatment protocol. Medics demonstrated an understanding of

RVF and the esmolol treatment protocol through both written and

psychomotor examinations at the conclusion of the mandatory train-

ing session. This knowledge was then reinforced by a dedicated RVF

podcast, produced in house, which was available and promoted for the

duration of the study period.

2.3 Selection of participants

The prehospital electronic patient care record (ePCR) system was

queried for all 9-1-1 encounters with cardiac arrest and 3 or more

defibrillations by EMS. EMS patient care records were then individu-

ally and independently reviewed by 2 physician authors (C.P. and R.D.)

to determine presence of true RVF as defined by shock resistance with

persistent ventricular fibrillation, and no degeneration into pulseless

electrical activity or asystole, during the initial ACLS treatment phase.

Cardiac arrests with traumatic etiologies were excluded from this
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analysis as traumatic cardiac arrest has a lower incidence, substantially

lower rates of survival, and distinct definitive interventions compared

to cardiac arrest withmedical etiologies.

2.4 Measures

Data elementswere abstracteddirectly from theprehospital ePCRand

hospital electronic medical records by a 2-person expert review panel

consisting of 1 physician (CP) and 1 paramedic (BW) using a standard-

ized data collection form including patient demographic information,

prehospital medications, prehospital interventions, and hospital dispo-

sition.

We defined feasibility based on criteria often used as acceptabil-

ity thresholds for pragmatic pilot studies.13 Feasibility was defined

as >75% of patients meeting RVF criteria receiving prehospital

esmolol. Secondary outcome measures included presence or absence

of ROSC during the EMS encounter, 24-hour hospital survival, and sur-

vival to hospital discharge. ROSC was ascertained using the prehospi-

tal electronic patient care record and survival measureswere obtained

from the hospital electronic health record.

2.5 Data analysis

Weevaluated the effects of adding esmolol to the prehospital protocol

between December 10, 2018 and June 10, 2020. A historical control

period between June 10, 2017 andDecember 9, 2018was selected for

secondary comparisons of the proportion of patients with prehospital

ROSC, 24-hour survival, and survival to hospital discharge.

Descriptive statisticswere calculatedwith frequencies andpercent-

ages for categorical variables and continuous variables summarized

using medians and interquartile ranges (IQR). Patient and encounter

characteristics were compared between the cohort of patients receiv-

ing esmolol and those in the control period using Wilcoxon Rank

Sum tests for non-normally distributed continuous variables and chi-

square tests for categorical variables. Comparisons of the proportion

of patients experiencing prehospital ROSC, surviving to 24 hours after

hospital arrival, and surviving to hospital discharge between patients

receiving esmolol and those in the historical control period were made

using chi-square tests. For all comparative tests, we set an alpha level

of 0.05 as the threshold for determining statistical significance. Multi-

variable logistic regressionmodelingwasused toassess theassociation

between esmolol and outcome variables while controlling for patient

age, sex, and initial rhythm. All analyses were completed using Stata IC

Version 15.1 (StataCorp LLC, College Station, TX).

3 RESULTS

During the control period before the addition of esmolol to the out-

of-hospital cardiac arrest protocol, there were 527 EMS responses

for patients with cardiac arrest and 87 patients received 3 or more

defibrillations in the prehospital setting. After physician review, 24

cases were excluded, leaving 63 patients with cardiac arrest and RVF

in the analysis. After implementation of esmolol, there were 781

EMS encounters for patients in cardiac arrest, of which 105 patients

received at least 3 prehospital defibrillations. Physician review

excluded 33 patients as non-RVF. Two patients with traumatic arrest

etiologies were also excluded, leaving 70 patients with RVF eligible for

esmolol. Among the 70 eligible patients with cardiac arrest and RVF,

61 (87%) received esmolol in the prehospital setting (Figure 1).

Patient and encounter characteristics were similar for between the

cohort that received prehospital esmolol and the historical control

period cohort (Table 1). The median age was 67 years in both groups

and approximately 28% were female. Bystander CPR was noted in

more than 75%of cases. Approximately 87%of patients in both groups

presentedwith an initial rhythmof either ventricular fibrillationor ven-

tricular tachycardia.Median time to the first dose of epinephrinewas 4

minutes in both groups. The median number of epinephrine doses was

slightly higher in the historical control group (5 doses) compared to the

group that received esmolol (3 doses). Themedian EMS scene timewas

35 minutes (IQR: 30–41 minutes) in the esmolol group compared to

32 minutes (IQR: 26–41 minutes) in the control group. The median on

scene arrival time to esmolol administration was 17minutes (IQR: 13–

22 minutes). More patients in the control period received lidocaine or

magnesium sulfate compared to patients receiving esmolol.

After esmolol administration 38% (n= 23) of patients achieved pre-

hospital ROSC compared to 24% (n = 15) of patients from the con-

trol period, though this difference did not reach statistical significance

(P = 0.09). Survival at 24 hours was similar for those who received

esmolol (25%, n= 15) and those from the control period (25%, n= 16).

In total, 5 patients (8%) from the esmolol group and 5 patients (8%)

from the control group survived to hospital discharge (Table 2).

After adjusting for patient age, sex, and initial rhythm, there was a

2-fold increase in odds of ROSC during the EMS encounter (odds ratio:

1.99, 95% confidence interval: 0.89-4.47) for patients treated with

esmolol compared to patients who were not administered esmolol,

though statistical significance was not reached.

4 LIMITATIONS

This study was limited by its retrospective nature, small sample size,

and the single-agency study setting. Further, small sample size and

lack of standardization surrounding the timing and use of dual sequen-

tial defibrillation limited the ability to draw inferences related to the

effects of prehospital esmolol on overall RVF morbidity and mortal-

ity. The use of prehospital ePCR data to evaluate ROSC precluded the

assessment of rearrest, an important variable to consider in future

study. Further, the small sample size resulted in too few hospital sur-

vival events to generate stable estimates. The hospital data obtained

did not allow us to evaluate other important clinical outcomes included

the proportion of patients who presented with ST-segment–elevation

myocardial infarction and subsequently received emergent percuta-

neous coronary intervention.
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Encounters with ≥3 EMS
Defibrillations

N=87

Encounters with ≥3 EMS
Defibrillations

N=105

Excluded:
Not RVF

N=24

Cardiac Arrest with RVF
N=63

Excluded:
Not RVF

N=33

Excluded:
Traumatic Etiology

N=2

Cardiac Arrest with RVF
N=70

Esmolol
Administered

N=61

Esmolol Not
Administered

N=9

EMS Encounters with
Out-of-Hospital Cardiac Arrest

N=1,308

Historical Control Period
6/10/2017-12/9/2018

N=527

Esmolol Intervention Period
12/10/2018-6/10/2020

N=781

F IGURE 1 Inclusion of patients in analysis sample. Abbreviations: EMS, emergencymedical services; RVF, refractory ventricular fibrillation

Although esmolol was not intended to replace any of the recom-

mended ACLS treatments, a lower proportion of patients received

antiarrhythmicmedications after theadditionof esmolol to theprehos-

pital RVF protocol. Nevertheless, in our sample, antiarrhythmic med-

ication was not associated with ROSC during the EMS encounter and

adding this variable to the multivariable model did not meaningfully

alter the findings.Wealso observed adifference in EMS transport rates

between the intervention and control periods, with a lower rate of

transport observed in the intervention period. There was no obvious

explanation for this change; however, it is possible that the firstmonths

of the COVID-19 pandemic during the intervention period may have

affected patient presentations and clinician decision-making. Random-

ized studies with larger sample sizes are needed to further investigate

the effects of prehospital esmolol on patientmorbidity andmortality in

patients with RVF.

5 DISCUSSION

In this pragmatic study of patients with RVF encountered by EMS,

administering esmolol in the prehospital setting was feasible and

non-inferior to standard ACLS treatment. After the protocol update,

esmolol was administered in nearly 90% of eligible patients and no

increases in scene time were observed. Though no statistical differ-

ences were noted, there appeared to be a trend toward higher ROSC

for RVF patients administered esmolol. Overall, few patients survived

to 24 hours and fewer survived to hospital discharge, making compar-

isons between groups challenging.

More patients who were administered prehospital esmolol expe-

rienced ROSC compared to those treated before the introduction

of esmolol into the EMS protocol for RVF. This finding is consistent

with 2 small in-hospital studies evaluating esmolol for patients with

OHCA and RVF.8,9 Although ROSC does not directly translate to sur-

vival, reestablishing circulation and perfusion in the prehospital setting

before patient transport may help preserve neurologic function while

allowing EMS to safely route the patient to appropriate continued care

and advanced interventions. Recently, extracorporeal membrane oxy-

genation assisted CPR programs have shown benefit for RVF14; how-

ever, these programs largely take place in specific, specialized hospital

settings. Early ROSC and immediate EMS transport of RVF patients to

extracorporeal membrane oxygenation assisted CPR capable facilities

may be beneficial within some systems of care where these resources

exist.

Overall survival of patients with RVF was low throughout the study

period. These findings are in line with overall poor outcomes observed

for patients presenting with RVF.4–6 Prehospital OHCA patients pre-

senting with RVF are a complex, heterogenous patient population

with a multifaceted clinical management pathway. This complexity

makes true standardization between patients exceedingly difficult in

the EMS setting. For example, although available and encouraged
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TABLE 1 Patient and EMS encounter characteristics

Esmolol administered

N= 61

Control period

N= 63 P value

Age, years

Median (IQR) 67 (57–76) 67 (57–77) 0.60a

Sex 0.93b

Female 27.9% (17) 28.6% (18)

Male 72.1% (44) 71.4% (45)

Race 0.56b

White 78.7% (48) 85.7% (54)

Black 4.9% (3) 3.2% (2)

Hispanic 13.1% (8) 6.4% (4)

Other/unknown 3.3% (2) 4.8% (3)

Bystander cardiopulmonary resuscitation 0.91b

Yes 77.1% (47) 76.2% (48)

No 22.9% (14) 23.8% (15)

Initial rhythm 0.24b

Ventricular fibrillation 83.6% (51) 82.5% (52)

Ventricular tachycardia 3.3% (2) 4.8% (3)

Pulseless electrical activity 3.3% (2) 9.5% (6)

Asystole 9.8% (6) 3.2% (2)

Dual sequential defibrillation 0.46b

Yes 24.6% (15) 19.0% (12)

No 75.4% (46) 81.0% (51)

Lidocaine 0.03b

Yes 22.2% (14) 8.2% (5)

No 77.8% (49) 91.8% (56)

Magnesium sulfate <0.01b

Yes 39.7% (25) 18.0% (11)

No 60.3% (38) 82.0% (50)

Number of defibrillations

Median (IQR) 5 (4-7) 6 (5-9) 0.12a

Total doses of epinephrine <0.01a

Median (IQR) 3 (2-4) 5 (4-6)

Time to first epi, minutes

Median (IQR) 4 (3-5) 4 (2-6) 0.79a

EMS scene time, minutes

Median (IQR) 35 (30-41) 32 (26-41) 0.21a

ED transport 0.01b

Yes 62.3% (38) 82.5% (52)

No 37.7% (23) 17.5% (11)

EMS transport time, minutes 0.51a

Median (IQR) 10.5 (8-15) 12 (8.5-17.5)

aWilcoxon rank sum test.
bChi-square test.

Abbreviations: ED, emergency department; EMS,emergencymedical services; IQR, interquartile range;
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TABLE 2 Prehospital ROSC, 24-hour survival and survival to hospital discharge

Esmolol administered

N= 61

Control period

N= 63 P-value

Prehospital ROSC 0.09

Yes 37.7% (23) 23.8% (15)

No 62.3% (38) 76.2% (48)

24-hour survival 0.92

Yes 24.6% (15) 25.4% (16)

No 75.4% (46) 74.6% (47)

Survival to hospital discharge 0.96

Yes 8.2% (5) 7.9% (5)

No 91.8% (56) 92.1% (58)

Abbreviation: ROSC, return of spontaneous circulation

throughout the study period, only ∼20% of RVF patients in both the

pre- and postesmolol groups received DSD. Although the current evi-

dence for the efficacy of DSD in RVF is mixed,15,16 it is possible

that increased DSD use in conjunction with esmolol administration

could potentially lead to improved outcomes. Also, because of rela-

tively short EMS transport times and to minimize logistical complexi-

ties, we elected to defer initiation of an esmolol drip within our pro-

tocol. Two hospital-based studies suggesting improved outcomes with

esmolol in RVF8,9 used a 0.5 mg/kg loading dose bolus followed by a

0–100mcg/kg/min infusion. Future large-scale prospective EMS inves-

tigations of both the pairing ofDSDwith esmolol in addition to a proto-

colized initiation of an esmolol infusion after the initial bolus dose are

warranted.

Finally, the role of prehospital administered epinephrine in OHCA

for patients with RVF is unclear. Use of epinephrine for OHCA in

general has been questioned with the results of the PARAMEDIC-2

trial17 showing no increase in 30-day neurologically intact survival

when using epinephrine in OHCA, as compared to placebo. Addition-

ally, in consideration of patients with RVF, it is worth noting that

fibrillated myocardium has significantly increased oxygen consump-

tion relative to normal,18,19 which exogenous catecholamines likely

increase via beta adrenergic stimulation. With the underlying patho-

physiology of RVFbelieved to be a result of endogenous catecholamine

surge in response to active myocardial ischemia,7 it bears considera-

tion that an early esmolol administration protocol, without exogenous

epinephrine, may be beneficial in OHCA, specifically for patients pre-

senting with shockable rhythms and those who progress to RVF. In our

study, the time from EMS arrival to esmolol administration was nearly

20 minutes, further evaluation of earlier B-blockade warrants future

investigation.

In summary, this evaluation demonstrated feasibility of esmolol use

for RVF within a ground-based EMS prehospital setting. Although sta-

tistical significancewasnot observed in this exploratory study, compar-

ison with a historical control period suggests a potential association of

esmololwith higherROSC rates. Futurework at a larger scale is needed

to determine the effect of prehospital esmolol for RVF on neurologi-

cally intact hospital discharge.
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