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Abstract
Aim: Paramedics received training in point-of-care ultrasound (POCUS) to assess for car-
diac contractility during management of medical out-of-hospital cardiac arrest (OHCA).
The primary outcome was the percentage of adequate POCUS video acquisition and accu-
rate video interpretation during OHCA resuscitations. Secondary outcomes included
POCUS impact on patient management and resuscitation protocol adherence.
Methods:Aprospective, observational cohort study of paramedics was performed following
a four-hour training session, which included a didactic lecture and hands-on POCUS
instruction. The Prehospital Echocardiogram in Cardiac Arrest (PECA) protocol was
developed and integrated into the resuscitation algorithm for medical non-shockable
OHCA. The ultrasound (US) images were reviewed by a single POCUS expert investigator
to determine the adequacy of the POCUS video acquisition and accuracy of the video inter-
pretation. Change in patient management and resuscitation protocol adherence data,
including end-tidal carbon dioxide (EtCO2) monitoring following advanced airway place-
ment, adrenaline administration, and compression pauses under ten seconds, were queried
from the prehospital electronic health record (EHR).
Results: Captured images were deemed adequate in 42/49 (85.7%) scans and paramedic
interpretation of sonography was accurate in 43/49 (87.7%) scans. The POCUS results
altered patient management in 14/49 (28.6%) cases. Paramedics adhered to EtCO2 mon-
itoring in 36/36 (100.0%) patients with an advanced airway, adrenaline administration for
38/38 (100.0%) patients, and compression pauses under ten seconds for 36/38 (94.7%)
patients.
Conclusion: Paramedics were able to accurately obtain and interpret cardiac POCUS
videos during medical OHCA while adhering to a resuscitation protocol. These findings
suggest that POCUS can be effectively integrated into paramedic protocols for medical
OHCA.
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Introduction
Each year in the United States, approximately 300,000 people
experience out-of-hospital cardiac arrest (OHCA) with only
9.6% surviving to discharge from the hospital.1 Early cardiopulmo-
nary resuscitation (CPR) and defibrillation remain key practice for
improving OHCA survival.2,3 The rate of survival to discharge for
OHCA was found to decrease by 2.3% with every minute of delay
in performing CPR.4 These findings underscore the harm in
delayed CPR, while reinforcing the American Heart Association
(AHA; Dallas, Texas USA) recommendations of limiting pauses
in chest compressions to ten seconds for pulse checks during
resuscitation.5

Manual carotid pulse assessment is unreliable in the evaluation
of cardiac activity andmay delay CPR. In a study of 206 responders
performing manual carotid pulse assessments on coronary artery
bypass graft patients during spontaneous circulation versus non-
pulsatile cardiopulmonary bypass, an absent pulse went unrecog-
nized in ten percent of patients, while a present pulse was unrecog-
nized in 45% of patients.6 In another study, only two percent of first
responders could recognize pulselessness within ten seconds.7

Prolonged pulse assessments delay the resumption of chest com-
pressions and could potentially decrease survival rates.
Conversely, false identification of an absent pulse may result in
unnecessary CPR and additional doses of resuscitative medica-
tions, including adrenaline, which has been associated with poor
neurological outcomes with repeated doses.8

Research has shown point-of-care ultrasound (POCUS) is a
useful tool in mitigating inaccurate manual pulse assessments
and managing patient care.9,10 Carotid and femoral compressibil-
ity, considered a “POCUS pulse-check,” and cardiac contractility
on ultrasound (US) imaging can aid in discerning the presence
of cardiac activity when the physical exam is equivocal. A case series
using POCUS to assess for carotid and femoral compressibility
found the POCUS pulse checks to be consistently performed in
less than five seconds.11 One randomized controlled trial found
that POCUS had a greater first attempt success rate (99.1% versus
85.6%) with faster mean detection times (4.22s versus 4.71s) for
identifying pulses when compared with manual detection.12

Additionally, a multi-center study found that of 793 patients
thought to be in pulseless electrical activity (PEA) rhythms,
54.3% had cardiac activity without palpable pulses, which were only
discernable with US.13 The detection of cardiac activity with US
facilitated more appropriate management of these patients.

Although US has demonstrated utility in cardiac arrest,
POCUS has not been integrated into most Emergency Medical
Service (EMS) systems.14 A survey of American and Canadian
physicians found that only 4.1% of EMS systems are using
POCUS. Some studies have shown European and American
EMS physicians demonstrating POCUS efficacy in prehospital
care.9,14–17 Two studies have demonstrated that EMS technicians
are able to interpret POCUS images, including assessing for car-
diac contractility.18,19 Small studies expanded on this POCUS

use to demonstrate that non-physician first responders were able
to obtain US images in a prehospital setting.20,21

Utility of POCUS inmedical OHCAwas assessed in a prospec-
tive, observational cohort study. The primary outcome was the per-
centage of adequate POCUS video acquisition and accurate video
interpretation during OHCA by paramedics. Secondary outcomes
included POCUS-driven treatment changes, interventions, med-
ications administered including adrenaline, clinical outcomes,
and paramedic adherence to resuscitation protocol including
end-tidal carbon dioxide (EtCO2) monitoring after placement of
an advanced airway (endotracheal tube or i-gel) and compression
pauses under ten seconds.

Methods
A waiver from the State of Colorado (USA) was granted to South
Metro Fire Rescue (SMFR; Centennial, Colorado USA) to train
their paramedics to use POCUS to assess for cardiac contractility
during a medical cardiac arrest. Currently, SMFR is an organiza-
tion with approximately 175 practicing paramedics with 29 stations
that serves 300 square miles with approximately 540,000 residents.
Paramedics (n = 40), who were recruited on a voluntary basis via
email, participated in a four-hour training session which included
a didactic lecture and hands-on POCUS instruction from POCUS
experts (emergency US fellowship-trained physicians). Training
included assessment for cardiac contractility, pericardial effusion,
and pneumothorax. Each paramedic performed at least 25 cardiac
POCUS exams on live models which were reviewed by a POCUS
expert prior to deployment of POCUS in the field.

An EMS POCUS protocol, the Prehospital Echocardiogram in
Cardiac Arrest (PECA), was developed and integrated into stan-
dard OHCA care (Figure 1).22 Field POCUS utilization was lim-
ited to medical non-shockable arrest. Selection of cases was based
on PECA protocol (Figure 1) and the State of Colorado Waiver
(Supplement 1; available online only). Exclusion criteria included:
patients not experiencing medical cardiac arrest; pediatric patients;
patients experiencing trauma, drowning, and electrocution;
patients with incomplete datasets; and patients evaluated by para-
medics without POCUS-credentialing. Standard OHCA treat-
ment included high-quality CPR, early defibrillation, airway
management, and three doses of adrenaline. The PECA protocol
emphasized that POCUS use should not delay initial resuscitation
efforts nor prolong compression pauses beyond ten seconds. The
paramedic performing chest compressions counted to ten audibly
during the pulse check and resumed compressions at ten seconds,
instructing the paramedic capturing the US video to stop scanning.
The POCUS-credentialed paramedics were only responsible for
performing the US during the resuscitation.

A hand-held US (Butterfly IQ Hand-Held US; Butterfly
Network; Guilford, Connecticut USA) was used to acquire video
images. The videos were stored in the Butterfly Network cloud,
which is Health Insurance Portability and Accountability Act
(HIPAA) and Health Information Technology for Economic
and Clinical Health (HITECH) Act compliant with System
and Organizations II (SOC II) certification.23 The paramedics
recorded their impression of the video US images in the digital
cloud and their electronic health record (EHR). The US videos
were reviewed by a single POCUS expert investigator (AT) to
determine adequacy of image quality and the accuracy of the inter-
pretation. The POCUS expert was aware of the initial clinical pre-
sentation (eg, 46-year-old man without vital signs), as it was
documented with the video in the digital cloud, but was blinded
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Figure 1. Prehospital Echocardiogram in Cardiac Arrest (PECA) Protocol.
Abbreviations: POCUS, point-of-care ultrasound; ROSC, return of spontaneous circulation; TOR, termination of resuscitation;
PEA, pulseless electrical activity; PPEA, pseudo-pulseless electrical activity; CPR, cardiopulmonary resuscitation; EtCO2, end-
tidal carbon dioxide; IV, intravenous; EPI, adrenaline.

*3000 is the Denver Metropolitan Prehospital Protocol (DMPP) for medical pulseless arrest to include shockable ventricular
tachycardia/ventricular fibrillation and rhythm of asystole/PEA. 3010 is the DMPP which defines parameters for compression
factors, defibrillation execution, ventilation recommendations, airway management, and ROSC defined. Pacing circumstance
and flow are also addressed.20
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to treatments, interventions, and outcome data. Feedback was
given to the medics via the digital cloud. Paramedics additionally
documented if POCUS use resulted in any changes in the decision
whether to transport the patient or any changes in patient treat-
ment in the EHR. The SMFR electronic medical record was
accessed for patient demographic information, interventions, med-
ications administered including adrenaline, and protocol adherence
data including EtCO2 monitoring after placement of an advanced
airway (endotracheal tube or i-gel) and compression pauses under
ten seconds. The regional health information exchange (Colorado
Regional Health Information Exchange; Denver, Colorado USA)
was accessed for clinical outcomes. Institutional Review Board
approval (IRB #2020-0057) was obtained from Rocky Vista
University (Parker, Colorado USA). All descriptive statistics,
which includemeans, frequencies, and percentages, were calculated
using SAS v9.4 (SAS Institute; Cary, North Carolina USA).

Results
From September 19, 2019 through May 10, 2020, 128 patients
were evaluated for medical OHCA with 50 patients receiving care
from a paramedic team with at least one POCUS-credentialed
paramedic who used the PECA protocol. One patient was
excluded for incomplete data, leaving 49 patients with POCUS
video for analysis. Patient demographics are listed in Table 1.

The POCUS video images were considered adequate in 42/49
(85.7%) patients. Paramedics accurately interpreted the POCUS
images in 43/49 (87.7%) patients. Asystole was recorded as the ini-
tial rhythm in 33/49 (67.4%) patients. Ultrasound was indicated
only in patients with a non-shockable rhythm after three doses
of adrenaline; however, eight patients (16.3%) who had ventricular
fibrillation on their initial rhythm converted to a non-shockable
rhythm,making them eligible for POCUS per the PECAprotocol.
The remaining eight patients (16.3%) had PEA. Also, POCUS
cardiac contractility was noted and documented correctly in 12
patients (24.5%). In 14/49 (28.6%) patients, paramedics reported
that POCUS changed management decisions. The POCUS
results changed both the decision to transport and treatment deci-
sions in 7/14 (50.0%) patients, changed the decision to transport in
5/14 (35.7%) patients, and changed treatment decisions in 2/14
(14.3%) patients.

Eight patients had a do-not-resuscitate order, and three patients
were pronounced dead prior to resuscitation, leaving 38 patients for
analysis of other secondary outcomes, interventions, and clinical
outcomes. An advanced airway was placed in 36/38 (94.7%)
patients, with 26/38 (68.4%) receiving endotracheal tubes and
10/38 (26.3%) receiving i-gels (Table 2). One advanced airway
was not performed at the request of the medical power of attorney
for the patient. An airway was not attempted on an additional
patient due to tracheostomy scarring, as effective oxygenation
was achieved with an oropharyngeal airway and bag-mask ventila-
tion. Of the 36 patients receiving an advanced airway, EtCO2

monitoring adherence was achieved for 36/36 (100%) patients.
Adrenaline administration adherence was achieved for 38/38
(100%) patients. Compression pauses were under ten seconds
for 36/38 (94.7%) patients. Other interventions, medications
administered, and outcomes are listed in Table 2.

Discussion
This study demonstrated that paramedics were able to obtain
adequate POCUS images and interpret the images for cardiac

activity in medical OHCA patients. Additionally, the PECA pro-
tocol demonstrated a higher percentage of adequate images
obtained by paramedics when compared to prior literature. In
one study, paramedics were able to obtain adequate cardiac images
in 55% of scans after a two-hour training.18 In another study, 68%
of the first scans obtained were adequate, although the accuracy of
image interpretation was not included.20 One prehospital trial did
demonstrate an adequate scan rate of 89% with accurate interpre-
tation in 17/17 cases of cardiac activity (100%; 95% CI, 67%-99%)
and 2/2 cases of cardiac standstill (100%; 95% CI, 22%-100%).
However, pause length was not reported and only four out of 20
POCUS-trained paramedics were included.21 The PECA protocol
study was more inclusive, had a larger cohort, and demonstrated
POCUS proficiency while maintaining OHCA protocol adher-
ence. These findings suggest that with appropriate training and
image review, paramedics can effectively utilize POCUS
for OHCA.

A primary concern is that POCUS use in cardiac arrest will
increase the duration of the pulse check to greater than ten seconds.

Male (%) 31 (63)

Mean Age in Years (SD; IQR) 63.8 (SD= 19.8; 52-80)

Race/Ethnicity

White (%) 42 (86)

Black (%) 3 (6)

Asian or Pacific Islander (%) 1 (2)

Hispanic (%) 1 (2)

Unknown (%) 2 (4)

Kreiser © 2022 Prehospital and Disaster Medicine

Table 1. Patient Demographics (n= 49 patients)

Interventions

Intubation (%) 26 (68.4)

I-Gel Placement (%) 10 (26.3)

Defibrillation During EMS Course
(%)

15 (39.5)

Medication Administered

Adrenaline (%) 38 (100)

Mean Adrenaline Doses (SD) 3 (SD= 0.6)

Adrenaline Infusion 4 (10.5)

Intravenous Fluids (%) 33 (86.8)

Naloxone (%) 14 (36.8)

Amiodarone (%) 5 (13.2)

Outcomes

Prehospital ROSC (%) 8 (21.1)

Transported (%) 14 (36.8)

Expiration in ED (%) 6 (15.8)

Survival to Admission (%) 8 (21.1)

Survival to Discharge (%) 1 (2.6)

Kreiser © 2022 Prehospital and Disaster Medicine

Table 2. Interventions, Medications Administered and
Outcomes (n= 38 patients)
Abbreviations: EMS, Emergency Medical Services; ROSC, return of
spontaneous circulation; ED, emergency department.
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Increases in pulse check duration by five seconds from the AHA
recommended ten-second protocol have been associated with an
18% increase in mortality rate.24 One prospective cohort study
of 123 pulse checks in 23 OHCA patients demonstrated a mean
pulse check time of 21 seconds for emergency department (ED)
providers using POCUS versus 13 seconds for pulse checks with-
out the use of POCUS.25 A similar cohort study evaluated 110
pauses in compression and noted median pulse check times of
17 seconds for ED providers using POCUS versus 11 seconds
for pulse checks without the use of POCUS.26 Using the PECA
protocol, 94.7% of compression pauses remained under ten sec-
onds, which was likely due to the algorithm and training. Two
of the compression pauses in the study exceeded ten seconds,
but only one was secondary to POCUS use and feedback was pro-
vided. Adherence to the Advanced Cardiac Life Support (ACLS)
compression pause guidelines was comparable to the 90% adher-
ence of ED physicians using POCUS in cardiac arrest.27

Generally, POCUS protocols such as the PECA protocol have
been shown to improve OHCA guideline adherence and decrease
compression pause duration. The Cardiac Arrest Sonography
Assessment (CASA) trial found that the development of an algorithm
for US use during cardiac arrest significantly reduced sonography-
related CPR interruptions by 4.0 seconds.28,29 Optimization of the
PECA protocol and additional training may help improve adherence
to OHCA protocols. The current percentages of protocol adherence
suggest that paramedics can implement POCUS into their resuscita-
tion protocol and maintain standards of care for OHCA.

Use of POCUS was also found to have a substantial impact on
paramedic decision making and patient management in approxi-
mately 30% of patients. Previous studies have found even higher
percentages of changes in patient management, with treatment
changes in 78% of patients undergoing resuscitation and treatment
changes in 88% of cardiac arrest patients.9,17 Data were only col-
lected on whether POCUS use impacted the decision to transport
or treatment but were not collected on the specifics. Further study
is required to explicitly define these treatment and transport
changes and whether they impacted patient outcomes.

Prehospital POCUSmay be a useful objective adjunct in termina-
tion of resuscitation (TOR) decisions. A prospective, multi-center
study involving 793 patients found that cardiac activity on US had
the highest association with survival following cardiac arrest.13 The
percentages of patients with cardiac activity achieving return of spon-
taneous circulation (ROSC), survival to admission, and survival to dis-
charge were 51.0%, 28.9%, and 3.8%, respectively. These percentages
were significantly higher than the percentages of patients without car-
diac activity who achieved ROSC (14.3%), survival to admission
(7.2%), and survival to discharge (0.6%). Cardiac activity on
POCUS was more highly associated with ROSC (odds ratio
[OR]= 3.6) and survival to discharge (OR= 5.7) than any other var-
iable, including bystander CPR (OR= 1.6 for ROSC; OR= 2.6 for
survival to discharge). The PECA protocol study found 21.1% of
patients had ROSC in the prehospital period, which is lower than
the SMFR average ROSC rate of 31.0% for patients in which
CPR is initiated. This finding is likely due to study criteria that
patients could only be included if ROSC was not achieved after three
doses of adrenaline. Amulti-center study demonstrated cardiac stand-
still on US had a negative predictive value of 94.0% for ROSC, while
other studies have shown a negative predictive value as high as 97.5%
for ROSC.27,30,31 Per paramedic feedback, the US findings provided
additional information that helped the paramedic determine that

TOR was the appropriate course and provided the patient’s family
and friends with more objective data to support that decision.
Decreasing unnecessary emergent transports could conserve EMS
resources and reduce safety risks to providers and the community asso-
ciatedwith emergent transports. Future studies can address the impact
of POCUS on OHCA health care costs and safety risks.

Some studies propose a role for POCUS in improving patient
outcomes through detection and intervention-guidance during
cardiac arrest with treatable aetiologies.9,12,13,27,30,32,33 One ED
study of 50 patients undergoing POCUS for cardiac arrest found
that 12% of images resulted in an intervention as a direct result
of the scan, including pericardiocentesis, thrombolysis, and
chest drain.27 Emergency physicians in the Focused
Echocardiographic Evaluation in Life Support (FEEL) prehospi-
tal trial reported additional changes in treatment, including ino-
tropic therapy and needle decompression of pneumothorax.9 A
multi-center study found that cardiac arrests with POCUS-diag-
nosed etiologies and subsequent treatments improved survival to
discharge rates. Survival was achieved in 15.4% of those receiving
pericardiocentesis and 6.7% for those receiving thrombolytics.13

Further research is needed to assess whether POCUS can improve
patient outcomes by identifying and potentially treating life-threat-
ing conditions in the prehospital setting.

Use of POCUS may help the paramedic differentiate between
pseudo-pulseless electrical activity (PPEA) and PEA, where PPEA
is defined as cardiac activity detected by US without a palpable pulse.
Pulseless electrical activity accounts for 35% to 40% of cardiac arrests,
while PPEA may account for up to 86% of PEA cardiac arrests.34,35

Also, PPEA is associated with improved outcomes compared to
PEA.36,37 In 43.4% of patients with PPEA, ROSC was achieved
compared to 12.2% of patients in PEA,35 and PPEA survival to
admission was 55% compared to the eight percent of PEA.9 In addi-
tion, patients with PPEA reached survival to hospital admission rates
of 45.5% when placed on intravenous adrenergic therapy, as opposed
to 37.7% of patients who received standard ACLS interventions.38

Unfortunately, the PECA protocol study did not have the medics
report the rhythm at the time of the POCUS so the prevalence of
PPEAcould not be determined in this patient population. Future pre-
hospital studies should utilize POCUS to discern PPEA as its man-
agement differs from standard PEA resuscitation protocols and is
associated with improved survival.

Limitations
Several limitations were identified with this work. The study was
performed by a single organization, which may limit its external
validity. Data were collected via chart review, which may be subject
to inaccurate and incomplete documentation. In addition, the chart
abstractors and POCUS expert were not blinded to the objective of
the study. Detailed information on howPOCUS changedmanage-
ment was not collected. The study included only 40 POCUS-
credentialed paramedics and 49 patients. A small sample size
was intentionally chosen for the initial assessment of paramedic
accuracy and protocol adherence. The performance of the
POCUS-credentialed paramedics may not be generalizable to
the entire group of SMFR paramedics or to a larger patient pop-
ulation. However, based on these results, SMFR has continued to
educate paramedics on the use of POCUS in OHCA using the
PECA protocol while monitoring paramedic performance and
patient outcomes.
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Conclusion
Paramedics were able to accurately obtain and interpret cardiac
POCUS scans during medical OHCA while adhering to a resus-
citation protocol. These POCUS findings changedmanagement in
approximately 30% of patients and assisted paramedics and
patients’ families when deciding upon TOR. These findings sug-
gest that POCUS can be effectively integrated into paramedic pro-
tocols for medical OHCA.

Acknowledgements
The authors would like to thank Rocky Vista University for their
donation of training space and equipment.

Supplementary Materials
To view supplementary material for this article, please visit https://
doi.org/10.1017/S1049023X21001357

References
1. McNally B, Robb R, Mehta M, et al. Out-of-hospital cardiac arrest surveillance –

Cardiac Arrest Registry to Enhance Survival (CARES), United States, October 1,

2005-December 31, 2010. MMWR Surveill Summ. 2011;60(8):1–19.
2. SassonC, RogersMA,Dahl J, KellermannAL. Predictors of survival from out-of-hos-

pital cardiac arrest: a systematic review and meta-analysis. Circ Cardiovasc Qual
Outcomes. 2010;3(1):63–81.

3. AbramsHC,McNally B,OngM,Moyer PH,Dyer KS. A composite model of survival

from out-of-hospital cardiac arrest using the Cardiac Arrest Registry to Enhance

Survival (CARES). Resuscitation. 2013;84(8):1093–1098.
4. Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP. Predicting survival from

out-of-hospital cardiac arrest: a graphic model. Ann Emerg Med.
1993;22(11):1652–1658.

5. Panchal AR, Bartos JA, Cabanas JG, et al. Part 3: Adult Basic and Advanced Life

Support: 2020AmericanHeart Association guidelines for cardiopulmonary resuscitation

and emergency cardiovascular care. Circulation. 2020;142(16_suppl_2):S366–S468.
6. Eberle B, Dick WF, Schneider T, Wisser G, Doetsch S, Tzanova I. Checking the

carotid pulse check: diagnostic accuracy of first responders in patients with and without

a pulse. Resuscitation. 1996;33(2):107–116.
7. DickWF, Eberle B,Wisser G, Schneider T. The carotid pulse check revisited: what if

there is no pulse? Crit Care Med. 2000;28(11 Suppl):N183–185.

8. Fukuda T, Ohashi-Fukuda N, Matsubara T, Gunshin M, Kondo Y, Yahagi N. Effect

of prehospital epinephrine on out-of-hospital cardiac arrest: a report from the national

out-of-hospital cardiac arrest data registry in Japan, 2011-2012. Eur J Clin Pharmacol.
2016;72(10):1255–1264.

9. Breitkreutz R, Price S, Steiger HV, et al. Focused echocardiographic evaluation in life

support and peri-resuscitation of emergency patients: a prospective trial. Resuscitation.
2010;81(11):1527–1533.

10. UltrasoundGuidelines: emergency, point-of-care, and clinical ultrasound guidelines in

medicine. Ann Emerg Med. 2017;69(5):e27-e54.
11. Simard RD, Unger AG, Betz M, Wu A, Chenkin J. The POCUS pulse check: a case

series on a novel method for determining the presence of a pulse using point-of-care

ultrasound. J Emerg Med. 2019;56(6):674–679.
12. Badra K, Coutin A, Simard R, Pinto R, Lee JS, Chenkin J. The POCUS pulse check: a

randomized controlled crossover study comparing pulse detection by palpation versus

by point-of-care ultrasound. Resuscitation. 2019;139:17–23.
13. Gaspari R, Weekes A, Adhikari S, et al. Emergency department point-of-care ultra-

sound in out-of-hospital and in-ED cardiac arrest. Resuscitation. 2016;109:33–39.
14. Taylor J, McLaughlin K, McRae A, Lang E, Anton A. Use of prehospital ultrasound

in North America: a survey of emergency medical services medical directors. BMC
Emerg Med. 2014;14:6.

15. Fitzgibbon JB, Lovallo E, Escajeda J, Radomski MA, Martin-Gill C. Feasibility of

out-of-hospital cardiac arrest ultrasound by EMS physicians. Prehosp Emerg Care.
2019;23(3):297–303.

16. ScharonowM,Weilbach C. Prehospital point-of-care emergency ultrasound: a cohort

study. Scand J Trauma Resusc Emerg Med. 2018;26(1):49.
17. Ketelaars R, Beekers C, VanGeffenGJ, Scheffer GJ,Hoogerwerf N. Prehospital echo-

cardiography during resuscitation impacts treatment in a physician-staffed helicopter

Emergency Medical Service: an observational study. Prehosp Emerg Care.
2018;22(4):406–413.

18. Chin EJ, Chan CH, Mortazavi R, et al. A pilot study examining the viability of a

Prehospital Assessment with UltraSound for Emergencies (PAUSE) protocol. J
Emerg Med. 2013;44(1):142–149.

19. Bhat SR, Johnson DA, Pierog JE, Zaia BE, Williams SR, Gharahbaghian L.

Prehospital Evaluation of Effusion, Pneumothorax, and Standstill (PEEPS): point-

of-care ultrasound in Emergency Medical Services. West J Emerg Med.
2015;16(4):503–509.

20. ReedMJ, Gibson L, Dewar A, Short S, Black P, CleggGR. Introduction of paramedic

led echo in life support into the prehospital environment: the PUCA study.

Resuscitation. 2017;112:65–69.
21. Rooney KP, Lahham S, Lahham S, et al. Prehospital assessment with ultrasound in

emergencies: implementation in the field. World J Emerg Med. 2016;7(2):117–123.
22. Directors DMEM. Denver Metropolitan Prehospital Protocols. http://www.

dmemsmd.org/sites/default/files/DMEMSMD-Protocols-2020-07-01.pdf. Accessed

2020.

23. Butterfly Network. Information Security Compliance and Testing.

https://support.butterflynetwork.com/hc/en-us/articles/360028021351-Information-

Security-Compliance-Testing. Accessed May 9, 2021.

24. Cheskes S, Schmicker RH, Christenson J, et al. Perishock pause: an independent pre-

dictor of survival from out-of-hospital shockable cardiac arrest. Circulation.
2011;124(1):58–66.

25. Huis In’t Veld MA, Allison MG, Bostick DS, et al. Ultrasound use during cardiopul-

monary resuscitation is associated with delays in chest compressions. Resuscitation.
2017;119:95–98.

26. Clattenburg EJ, Wroe P, Brown S, et al. Point-of-care ultrasound use in patients with

cardiac arrest is associated prolonged cardiopulmonary resuscitation pauses: a prospec-

tive cohort study. Resuscitation. 2018;122:65–68.
27. Hayhurst C, Lebus C, Atkinson PR, et al. An evaluation of echo in life support (ELS):

is it feasible? What does it add? Emerg Med J. 2011;28(2):119–121.
28. Clattenburg EJ, Wroe PC, Gardner K, et al. Implementation of the Cardiac Arrest

Sonographic Assessment (CASA) protocol for patients with cardiac arrest is associated

with shorter CPR pulse checks. Resuscitation. 2018;131:69–73.
29. Gardner KF, Clattenburg EJ,Wroe P, Singh A,Mantuani D, Nagdev A. The Cardiac

Arrest Sonographic Assessment (CASA) exam - a standardized approach to the use of

ultrasound in PEA. Am J Emerg Med. 2018;36(4):729–731.
30. Kedan I, CiozdaW, Palatinus JA, Palatinus HN, Kimchi A. Prognostic value of point-

of-care ultrasound during cardiac arrest: a systematic review. Cardiovasc Ultrasound.
2020;18(1):1.

31. BotkerMT, Jacobsen L, Rudolph SS, Knudsen L. The role of point of care ultrasound

in prehospital critical care: a systematic review. Scand J Trauma Resusc Emerg Med.
2018;26(1):51.

32. Long B, Alerhand S, Maliel K, Koyfman A. Echocardiography in cardiac arrest: an

emergency medicine review. Am J Emerg Med. 2018;36(3):488–493.
33. O’Dochartaigh D, Douma M, MacKenzie M. Five-year retrospective review of

physician and non-physician performed ultrasound in a Canadian critical care

helicopter Emergency Medical Service. Prehosp Emerg Care. 2017;21(1):

24–31.

34. Mehta C, Brady W. Pulseless electrical activity in cardiac arrest: electrocardiographic

presentations and management considerations based on the electrocardiogram. Am J
Emerg Med. 2012;30(1):236–239.

35. Wu C, Zheng Z, Jiang L, et al. The predictive value of bedside ultrasound to restore

spontaneous circulation in patients with pulseless electrical activity: a systematic review

and meta-analysis. PLoS One. 2018;13(1):e0191636.
36. Engdahl J, Bang A, Lindqvist J, Herlitz J. Factors affecting short- and long-term prog-

nosis among 1069 patients with out-of-hospital cardiac arrest and pulseless electrical

activity. Resuscitation. 2001;51(1):17–25.
37. Rabjohns J, Quan T, Boniface K, Pourmand A. Pseudo-pulseless electrical activity in

the emergency department, an evidence-based approach. Am J Emerg Med.
2020;38(2):371–375.

38. Gaspari R, Weekes A, Adhikari S, et al. A retrospective study of pulseless electrical

activity, bedside ultrasound identifies interventions during resuscitation associated

with improved survival to hospital admission. A REASON study. Resuscitation.
2017;120:103–107.

44 POCUS by EMS in OHCA

Prehospital and Disaster Medicine Vol. 37, No. 1

https://doi.org/10.1017/S1049023X21001357 Published online by Cambridge University Press

https://doi.org/10.1017/S1049023X21001357
https://doi.org/10.1017/S1049023X21001357
http://www.dmemsmd.org/sites/default/files/DMEMSMD-Protocols-2020-07-01.pdf
http://www.dmemsmd.org/sites/default/files/DMEMSMD-Protocols-2020-07-01.pdf
https://support.butterflynetwork.com/hc/en-us/articles/360028021351-Information-Security-Compliance-Testing
https://support.butterflynetwork.com/hc/en-us/articles/360028021351-Information-Security-Compliance-Testing
https://doi.org/10.1017/S1049023X21001357



