"September 9,2021

Broward Regional EMS Council

Broward County

Office of Medical Examiner and Trauma Services
5301 SW 31st Avenue

Fort Lauderdale, Florida 33312

RE: Broward County EMS Grants

Please find the enclosed fully executed EMS-Broward County Grant application for prehospital mechanical
ventilators for Coconut Creek Fire Rescue. Coconut Creek Fire Rescue appreciates being part of the EMS
grant program and would like to be part of any future grant considerations. If you have any question or
concerns, please don't hesitate to contact me at the phone number or email listed below.

Respectfull mitted,

Tony Chin
Division Chief of EMS

954-914-6756
jchin@coconutcreek.net

City of Coconut Creek | 4800 West Copans Road - Coconut Creek, FL 33063 954-973-6770 @ COCONUTCREEK.NET



2022 BROWARD COUNTY EMS GRANT APPLICATION
“Funding to improve or expand prehospital EMS Systems”

Section |
Project Title: - F€-HoOspital Ventilator
Is this a pilot project? [] Yes [H No

$:$33,749.91
Coconut Creek Fire Rescue

Project Cost

Agency Name:
Address: 4800 Copans Road, Coconut Creek, FL 33063
ress:
Telephone: 954-543-71 01 Eae jchin@coconutcreek.net

Project Manager: The individual with direct knowledge of project and responsible for project
implementation.

Tony Chin
054-914-6756 Email: Jchin@coconutereek.net

Name:

Telephone:

Authorized Signatory: The individyal guthorized to sign the application on behalf of the
agency or entity. &

Name of Signatory: i

Division Chief of EMS

Projects Impacting Direct Services to Emergency Victims: This may include, but
is not limited to: vehicles, medical and rescue equipment, communications, dispatch, navigation,
and other equipment that impacts on-site treatment. (Countywide projects must offer participation
to all licensed EMS providers, based upon levels of service.) Attach Form A.

Title of Signatory:

Countywide: [] Yes | No
Multiple Agencies: [ ] Yes [ ] No How Many?
Single Agency: @ Yes [ ] No

Projects Impacting Indirect Services: Training of all types (public, first responders, law
enforcement personnel, EMS personnel and other healthcare staff), research, and
documentation. (Countywide projects must offer participation to all licensed EMS providers.)
Attach Form A.

Countywide: [] Yes [ ] No
Multiple Agencies: [ ] Yes ] No How Many?

Single Agency: @ Yes [] No



2022 BROWARD COUNTY EMS GRANT APPLICATION
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8. Problem/Unmet Need Description: Provide a narrative of the problem or need and the
population affected by describing the present situation and management (if any) and the potential
adverse consequences if not addressed.

During a twenty four hour shift Coconut Creek Fire Rescue (CCFR) units respond to a variety of different
emergency medical responses. These responses range from simple public assists to complex medical
scenarios. One of the most difficult medical calls that are managed is a cardiac arrest. When paramedics
arrive on scene there are several benchmarks that need hit if the patient has any chance of survival care
early. The ultimate goal when managing a cardiac arrest is to “ restart * the heart, and to maintain
adequate spontaneous circulation.

To achieve this, we must provide adequate ambulance resources and paramedics who are able to provide
a high quality of professional care early. In the initial stages of cardiac arrest management, after initiating
compressions and defibrillation, a basic airway adjunct can be inserted to maintain airway patency. An
oropharyngeal or nasopharyngeal airway will suffice in the absence of foreign body airway obstruction until
more resources become available and an laryngeal mask airway (LMA) or endotracheal tube (ETT) can be
inserted. With a basic airway adjunct in position, 2 ventilations occur after 30 compressions, making a
compression to ventilation ratio of 30:2. Ventilations may be provided without pause in compressions when
an advanced airway is in place. The BVM is squeezed on the upstroke of CPR, as the thorax is in recaoil.

At times during an arrest, the airway may become soiled, with either blood from the trauma of
compressions of vomitus from the stomach. At such time, suction should be provided to maintain patency.
An ETT may be inserted to adequately secure the airway if not already done so and proper ventilation
need to be accomplished in accordance with AHA guidelines and the department's emergency medical
protocols.

Current Scenario: This life changing scenario has become more common in Coconut Creek. Once known
as a retirement community, population continues growing at a rate of 2% per year over the past 10 years
(US Census Bureau). Along with this significant population increase, cardiac arrest calls are increasing as
well. CCFR responded to 66 cardiac arrests 2018, 97 in 2019, and in 2020, CCFR responded to 107
cardiac arrests. This combined total not only represents 1% of the City's 61,000 population, but also
indicates an increasing trend of cardiac arrest type calls in Coconut Creek, up over a third (%) in the past
three years.

Each of these calls are followed by transports to a hospital or resuscitation center. During this critical time,

a patient ' s oxygen levels must be maintained for optimum survivability. CCFR requires prehospital
ventilators to improve its prehospital emergency medical response to meet the expanding number of
transports at current staff levels, while minimizing first responder fatigue and oversights during those high
call-volume times of the week.

Supporting Literature: Research shows for optimal outcomes, immediate chest compressions and if
appropriate, defibrillation to restart the heart, are essential in the chain of survival. During CPR, airway
interventions range from hands only, to mouth-to-mouth, to bag-mask or advanced airway. After return of
spontaneous circulation (ROSC), most patients would present with post-cardiac arrest syndrome and/or
are comatose with impaired airway reflexes. This condition would mandate establishing an advanced
airway to take control of the normal airway to facilitate transportation to the emergency department. Once
an advanced air way such as tracheal intubation is established, it is up to the paramedic to deliver an
adequate amount of tidal volume to restore depleted oxygen levels and correct tissue hypoxia, while
preventing hyperoxia.

Problem: While paramedics are working to restore depleted oxygen levels, they have a human nature to
deliver rapid and hard ventilations with a bag valve mask (BVM). Increasing ventilation rate or tidal volume
during CPR increases the mean intrathoracic pressure and reduces venous return to the heart, increases
lung volume and pulmonary vascular resistance, reduces cardiac output, decreases coronary perfusion
and aortic blood pressure. This proposed grant provides a device capable of solving this problem for
paramedics, particularly during days with high call-volumes when fatigue becomes a factor.
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9. EMS Improvement and Expansion to Resolve Problem or Address Needs:
Describe proposed solutions to the problem and/or need (question #8 — problem description).
State the improvements that are reasonably foreseeable and measurable. Use data, scientific, or
anecdotal information to support the agency's request. Explain how the project will improve
and/or expand prehospital EMS in Broward County. Be specific.

Solution: This above problem would be resolved with a device able to deliver a
pre-selected rate and tidal volume of oxygen to patients in need of ventilatory
assistance. It would remove the human factor from delivering an excessive amount (or
not enough) of tidal volume to have adequate chest rise and tissue re-perfusion. This
equipment would effectively give CCFR the ability to properly auto-ventilate the
increasing number of patients requiring a pre-measured amount of tidal volume for
tissue perfusion without increasing intrathoracic pressure.

The proposed device is an Pneupac VR1 Ventilator/Resuscitator. The device is
illustrated in the attachment quote and listed in the budget section of this application.
This purchase provides for one pre-hospital ventilator for every front-line Advanced Life
Support (ALS) apparatus plus one pre-hospital ventilator to be put in service for
emergency activations such as hurricanes, large-scale accidents such as on the
Sawgrass Expressway/Florida Turnpike, and grand citywide special events such as the
July 4th Celebration where hundreds gather during hot/humid days, and utlized at large
gathering area's such as the Coconut Creek Casino.

Coconut Creek Fire Rescue has not purchased any pre-hospital positive pressure
devices, requiring respiratory support. Therefore, the proposed request improves and
expands prehospital EMS in Broward County. The fact that CCFR is without a device for
adequate delivery of tidal volume and rate for our residents will have a negative impact
on cardiac arrest events, as the number of responses to these calls will likely continue to
increase as our trend data suggests.
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10.

Measurable Outcomes: Outcomes should be viewed from the perspective of the project
and provide for: improved conditions/service - for patients as well as EMS personnel; expanded
services; new knowledge; or improved knowledge. Outcomes must be measurable and
attainable. (Attach additional pages, as needed.)

. Project The purchase and in-service training on pre-hospital
ventilators for all paramedics employed with Coconut
Creek (CCFR)

- Activities Although no match is required for this grant program,

CCFR needs this equipment and will provide training
funds if this grant is awarded. Training funds are
anticipated to be approximately $6480.00, providing
more than a 50/50 match for this award.

. Outcomes ROSC and pre-hospital survival statics for persons

needing pre-hospital ventilators will be cultivated and
monitored for improved patient outcomes by in-house
Coconut Creek Fire Rescue EMS Division. ROSC is
the accepted gold standard bench mark for outcome

measurement.

- Indicators Training will consist of a ditactic and hands on

session and will be documented within Target
Solutions training software for one hundred percent
compliance.

- Data Source Pre and post cardiac arrest data from mycares.org.

This data was obtained by Margate Fire Rescue du
to the fact the CCFR will assume fire rescue services
on October 1st, 2021. After the in service date,
CCFR will compile and maintain any data pertaining
to the grant.

- Data Collection Method | Manual excel spread sheet, ESO, mycares.org

cardiac outcomes utilizing the Utestein method for
cardiac arrest.
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11.  Project Schedule: Please complete the table below. Insert additional rows if needed.
Months after Grant is | Activity
Executed

1 Training site for operation and capabilities

3 Deployment of pre-hospital ventilators on apparatus

3 Monitor training for one hundred percent compliance

4 Evaluate patient outcomes

12 Close out grant

12.  Supporting Research or Literature? [H] Yes (AttachmentA) [ ] No
(Required if this is a Pilot Project.)

13.  Letters of Support or Reference? [] Yes (AttachmentB) [H] No

14. Budget: Do not use brand names when listing items. Use only generic names. Round up/down
to the nearest dollar. Please use the table below. Insert additional rows if needed. Do not
include extended warranties.

ltem Unit Cost | Quantity Total

Pneupac VR1 Ventilator/Resuscitator $3749.99 9 $33,749.91

Delivery charges, if any

Total $$33,749.91

15. Future Expenses: Estimate the maintenance or other required recurring expenses per unit
after the first grant year (if applicable). Note: No funding will be provided for these expenses
under this grant program and must be absorbed by the grant recipient(s). Discuss this issue with
your agency as it may affect its budget.

ltems Cost

Training hours (2 hours per paramedic, x 81 = 162 training hours)@%$40.00 $6,480

Grant moni not be used to replace existing equipment.

TC//

Initials of authorized signatory acknowledging the individual understands this statement.
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Medical Director Approval: For all projects requiring approval from the agency's Medical
Director in accordance with Chapter 401, Florida Statutes, or Chapter 64J-1, Florida
Administrative Code.

The undersigned, as Medical Director for this agency, supports and
approves this project.

Signature: L*-‘v JV_\ Dater 9045 /?—I

Printed Name: C/v &/ K»/Z\

Partial Funding: Will the agency accept partial funding?
(Note: If the agency is awarded partial funding, an amendment to the outcomes and budget
forms must be submitted).

[] Yes, the agency will accept partial funding

[] No, the agency will not accept partial funding

Signature:

(Authorized Signatory)

Printed Name:

AGENCY NAME: _ (ozont  Greedh  Foe Rescve
AUTHORIZED SIGNATORY: ;L/\"‘f}/—

pATE: _ O3 l1al doay

PRINT AUTHORIZED SIGNATORY NAME: 5a—§-&ng Gasw
TITLE: _ Foee Ut S % ‘
PROJECT MANAGER'’S SIGNATURE: = C—
PRINT PROJECT MANAGER’S NAME: TONY CHIMN
TITLE: D\‘\))\S\‘JVQ C"\‘?—‘ EnS

TELEPHONE: 1S4 A1l L1506
EMAIL: NMeHIn © CocomwvkCreell e

6
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If this is a Single Agency Project, this is the last page of the
application.

If this is a Multiple Agency/Countywide Project (excluding
Countywide training projects), please continue by completing the
Participating Agency Summary Sheet (Form A) and Section Il for

each Participating Agency.

Grant Application Submission Deadline:

Wednesday, September 15, 2021 at 3 p.m.

**** Remainder of Page Intentionally Left Blank *****
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Participating Agency Summary Sheet
(Attach a copy of negative responses)

Form A

Not No Quantity
Agency Name Interested | Response | Requested
]

O OO oy o000y oy ooooooooooo oo o

OoogoouooUoooogoooogooonm
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SECTION I
(Complete for ALL “Multiple Agencies” or “Countywide” Projects,
EXCLUDING Countywide Training Projects)

Does your agency desire to participate in the grant project?

If No, ignore the remaining questions and return the form to the Project Manager
(GRANTEE).

Initials of authorized signatory for Participating Agency
If Yes, complete remaining items and return to:

Project Manager (name)

The undersigned Participating Agency

(Agency name)
agrees to enter into an ADDENDUM TO BROWARD COUNTY EMS GRANT FUNDING

AGREEMENT and acknowledges that it has joined in with the
(GRANTEE) on a Project Application for

(Project Title and Summary)

as part of the BROWARD COUNTY EMS GRANT FUNDING. The Participating Agency
acknowledges that, to be included as a Participating Agency under the agreement
between BROWARD COUNTY and GRANTEE for BROWARD COUNTY EMS GRANT
FUNDING (“Agreement”), it will be required to agree to the terms and conditions for the

funding.
1. Medical Director Approval:
For projects requiring approval from the agency's Medical Director in accordance with

Chapter 401, Florida Statutes, or Chapter 64J-1, Florida Administrative Code, the
agency’s Medical Director must complete the following:

As Medical Director for above Participating Agency, | support and approve this
project.

AUTHORIZED SIGNATURE:

PRINT NAME: DATE:
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2, Recurring Expenses after the grant year:

The estimate for maintenance or other required expenses per unit after the first grant
year, if applicable, are listed below. These costs will be absorbed by the grant
recipient(s) (including each Participating Agency) and not paid from grant funds.

ltem Cost $

Initials of authorized signatory for

(Participating Agency)

3. State the number of items requested or Training Participants.

4, PARTICIPATING AGENCY AUTHORIZED SIGNATORY:

DATE:

PRINT NAME:
TITLE:
5. PARTICIPATING AGENCY PROJECT LEADER SIGNATURE:

DATE:

PRINT NAME:

PARTICIPATING AGENCY PROJECT LEADER TITLE:

EMAIL:

6. PROJECT MANAGER (GRANTEE’S RESPONSIBLE AGENT) SIGNATURE:

DATE:

PRINT NAME:

PROJECT MANAGER TITLE:

DATE: TELEPHONE:

EMAIL:

10
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Welcome, Cristina  Shipping to
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Cart total:
$0.00
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A Home / Oxygen Equipment / Ventilators / Pneupac® VR1 Ventilator

y Bound Tree

Your Partner in EMS

Pneupac® VR1 Ventilator

Manufacturer: SMITHS MEDICAL ASD, INC.

Your Price:

$3,749.99 ka

List Price: $3,749.99 EA
View Ordering Options

diady

B i=
Monthly Usage View All Specs

Product description:



The Pneupac® VR1 has been designed as a ventilator/resuscitator
for medical personnel in the hospital, ambulance, fire, and police
services, and also for use in industrial and commercial markets. The
nature of the environment in which caregivers have to operate
requires the product to work in demanding conditions.

Features:

e Single knob tidal volume/frequency control
e Auto/manual control

e Air mix switch

e Patient demand system

e MRI compatible to 3 tesla
e Patient valve

e Linked manual controls

e Ergonomically designed

e Simplicity

e Safety

e Portability

e Durability

iZ Add To Supply List
0 Total ltems Selected

Add To Cart



Pneupac VR1

variant to conserve oxygen supply when operating in a
contaminated area in mass toxic casualty scenarios as it
allows spontaneous breathing of filtered air should the
supply gas fail. A customised, rubber moulding was created
to interface to the CBRN canister, as per patent

W0O2007088330.

Pneupac VR1 has been described as “the best hand-held ventilator in
the world”.

At Smiths Medical, we conceived, designed, patented, verified,
approved, manufactured and launched this brand new range of hand-
held, emergency ventilators. The VR1 is used in emergency
resuscitation and transport of patients who have respiratory failure.
The VR1 has automatic and manually triggered modes and is suitable
for adults and children over 10kg and is designed for use in a magnetic
resonance imaging (MRI) environment up to 3 Tesla. We also
developed a compatible range of patient circuits and accessories such
as the chemical, biological, radiation and nuclear (CBRN) circuit, as
well as other masks and filters.

The CBRN circuit is used
with the VR1 Airmix

Blog at WordPress.com.




Mechanical Ventilation in the Prehospital and Emergency
Department Environment

Robert J Stephens, Jeffrey E Siegler, and Brian M Fuller

Introduction
The Concept of Ventilator-Induced Lung Injury as a Time-Sensitive
Emergency

Prehospital Mechanical Ventilation
The Landscape of Prehospital Mechanical Ventilation
Complications Associated With Prehospital Mechanical Ventilation
Clinical Impact of Prehospital Ventilatory Care

Emergency Department Mechanical Ventilation
Landscape of Mechanical Ventilation Provided in the Emergency Department
Clinical Impact of Mechanical Ventilation in the Emergency Department

Summary and Recommendations

Patients who require mechanical ventilation in the prehospital and emergency department envi-
ronments experience high mortality and are at high risk of ventilator-associated ventilator-induced
lung injury and ARDS. In addition, little attention has been given in the literature, trainee educa-
tion, or clinical emphasis to ventilator management in these patients. ARDS and ventilator-induced
lung injury are time-sensitive disease processes that develop early in mechanical ventilation and
could potentially be prevented with early lung-protective ventilation. Prehospital and emergency
department ventilation, in general, is characterized by potentially injurious tidal volume, high Fio,
and low PEEP. Recent literature highlights improved subjects outcomes in the setting of early
lung-protective ventilation in both subjects with and those without ARDS. This review of the
literature led us to recommend that lung-protective ventilation with avoidance of hyperoxia be the
default goal ventilator strategy for all patients with prehospital and emergency department me-
chanical ventilation. This can be achieved by delivering low tidal volumes with stepwise, concurrent
titration of Fyg, and PEEP to facilitate adequate oxygenation. Key words: mechanical ventilation;
prehospital; emergency department; ventilator-associated lung injury, lung-protective ventilation. [Respir
Care 2019;64(5):595-603. © 2019 Daedalus Enterprises]

Introduction ence high mortality and morbidity.! Mechanical ventila-

tion can lead to iatrogenic injury via ventilator-induced

Patients who require mechanical ventilation in the pre- lung injury as well as hyperoxia. Phenotypically, this usu-
hospital and emergency department environment experi- ally presents as worsening pulmonary mechanics, pneu-

monia, and/or ARDS, with the peak incidence occurring

Mr Stephens is affiliated with Washington University School of Medi-

cine in St. Louis, St. Louis, Missouri. Dr Siegler is affiliated with the Division of Emergency Medicine, Department of Anesthesiology, Washing-
Section of Emergency Medical Services, Division of Emergency Medi- ton University School of Medicine in St. Louis, St. Louis, Missouri.

cine, Washington University School of Medicine in St. Louis, St. Louis,

Missouri. Dr Fuller is affiliated with the Division of Critical Care, The authors have disclosed no conflicts of interest.
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PREHOSPITAL AND EMERGENCY DEPARTMENT MECHANICAL VENTILATION

early in the course of mechanical ventilation (ie, day 1 or
day 2).23 This suggests that appropriate management of
mechanical ventilation immediately after endotracheal in-
tubation is crucial, and emerging evidence has demon-
strated a vital role for appropriate ventilator management
in the prehospital and emergency department treatment of
patients who are critically ill. Compared with the ICU or
intraoperative environment, mechanical ventilation in the
prehospital and emergency department setting has histor-
ically received very little attention in terms of research,
trainee education, and clinical emphasis.*¢ As such, po-
tentially injurious practice patterns are common.!-7-8

In this article, we discuss the landscape of mechanical
ventilation and advances in scientific understanding in the
care of patients with acute respiratory failure in the pre-
hospital and emergency department settings. We provide
recommendations for the provision of mechanical ventila-
tion to patients in both of these environments. Although
we recognize the importance of airway management and
noninvasive positive-pressure ventilation, these topics are
outside the scope of this review. In addition, many factors
(ie, sedation, fluid administration, transfusions) play a role
in the ultimate outcome of patients on mechanical venti-
lation in the emergency department; this review focused
on the delivery of invasive mechanical ventilation.®10

The Concept of Ventilator-Induced Lung Injury as a
Time-Sensitive Emergency

Excessive stretch, regional lung overdistention, and re-
petitive airway opening all play roles in ventilator-induced
lung injury and ARDS.!! Biologic mediators and hyper-
oxia can contribute to progressive pulmonary dysfunction,
multiple organ failure, and death.!2-!4 In volutrauma, over-
distention of alveoli results in damage to the intercellular
junctions and the cellular membranes due to increased
strain on pneumocytes.!> Similarly, barotrauma occurs
when pneumocytes are damaged due to an increase in
transalveolar pressure or stress. Cyclic recruitment—de-
recruitment as alveoli collapse between respirations results
in atelectrauma, which increases stress at any given pres-
sure due to reduced compliance.'%17 These forces are es-
pecially important in ARDS, when the amount of lung
tissue available for gas exchange is reduced, often referred
t6 as a “baby lung.”!7-19 Hyperoxia and the resultant re-
active oxygen species formation are thought to cause in-
jury both in the lung parenchyma and in sites distal to the

Correspondence: Robert J Stephens, Division of Emergency Medicine,
Washington University School of Medicine in St. Louis, 660 S Euclid
Avenue, St. Louis, MO, 63110. email: stephensr@wustl.edu.

DOI: 10.4187/respcare.06888
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pulmonary system.!?!3> Time- and dose-dependent in-
creases in inflammatory markers have been observed in
experimental animals that received mechanical ventila-
tion.20-22

Before knowledge of the existence of ventilator-induced
lung injury, normalization of oxygenation and ventilation
was given priority. As such, mechanical ventilation strat-
egies involved the delivery of high tidal volume (V1) (12—
15 mL/kg predicted body weight [PBW]) and low levels of
PEEP.23 Subsequently, seminal work in the field provided
strong evidence that the mechanical ventilator can cause
harm, as animal and ex vivo models clearly demonstrated
the mitigation of lung injury by the application of lung-
protective concepts (ie, lower V., more-appropriate
PEEP).24-26 Perhaps most important to this review, on pre-
hospital and emergency mechanical ventilation, these ef-
fects were observed over the course of only a few hours.24-26

Clinical studies that involved subjects without ARDS
support this premise.*27-28 Data that compared various strat-
egies of lung-protective ventilation versus conventional
ventilation during surgery showed that early application of
lung protection for comparatively short durations can
mitigate pulmonary and systemic inflammation and is
associated with a reduction in pulmonary and extrapul-
monary complications.?-3! Similarly, higher driving and
plateau pressures among patients in the emergency de-
partment were associated with increased progression to
ARDS. There was a dose-dependent, stepwise relation-
ship with an increasing incidence of ARDS with in-
creasing driving pressure, plateau pressure, compliance,
and mechanical power.3?

In subjects without ARDS and in the ICU, observational
studies,>33:34 a small randomized trial,?” and 2 systematic
reviews*?8 showed an association between higher V1 and
increased incidence of ARDS, with a typical peak inci-
dence around ICU day 2. This suggests that initial ven-
tilator dosing influences downstream complications. In
addition, in patients with ARDS, delayed delivery of
lung-protective ventilation is associated with increased
mortality.33

Multiple studies have shown that initial ventilator set-
tings, both in the emergency department and the prehos-
pital setting, influence ventilator settings that subjects re-
ceived in the ICU. These settings remained unchanged in
up to 75% of subjects through the first 24 h.!2.33.36-38
Similar therapeutic momentum has been documented in
other areas of critical care, such as sedation and antibiotic
dosing, and may result in prolonged iatrogenic risk.%:3°
Therefore, the most immediate period of care is a potential
therapeutic target to increase adherence to best practice.
Because mortality in patients in the emergency department
and on mechanical ventilation can exceed 30%! and can be
as high as 50% if ARDS develops,3” early use of these
practices may have the potential to have a large impact on

RESPIRATORY CARE ® MaY 2019 VoL 64 No 5



PREHOSPITAL AND EMERGENCY DEPARTMENT MECHANICAL VENTILATION

patient outcome. In sum, ARDS and ventilator-induced
lung injury occur early in patients on mechanical ventila-
tion and are time-sensitive processes that benefit from early
recognition and treatment.

Prehospital Mechanical Ventilation

The Landscape of Prehospital Ventilation

Prehospital mechanical ventilation is delivered during
~4% of emergency medical service activations annually
in the United States.® Much of the data about prehospital
care of patients who are critically ill comes from the realm
of interfacility transport; however, even these data are lim-
ited to a few primarily observational studies. The majority
of patients (73—83%) receive volume control continuous
mandatory ventilation during transport, with a minority
receiving pressure control continuous mandatory ventila-
tion or volume control intermittent mandatory ventilation.
In a cohort study of subjects with hypoxemic respiratory
failure, the mean = SD Fio, was high during transport
(0.95 = 0.12), and mean * SD PEEP was relatively low
(9.6 = 4.7 cm H,0).4' The investigators note, however,
that Fj,_ is often increased preemptively in the prehospital
setting to levels higher than would be in the ICU to pre-
vent critical desaturation.#! The V. values are often high,
with one cohort study that showed that low V. ventilation
occurred in only 14% of subjects on prehospital ventila-
tion.*2

For the majority of patients who require prehospital
ventilation, a transport ventilator is not available and bag-
valve-mask is frequently used to provide ventilation, even
among patients transported on aeromedical units.42 Al-
though, to our knowledge, there are no studies that com-
pared patient-centered outcomes and the use of transport
ventilators versus bag-valve-masks, one small randomized
controlled trial (28 subjects) found that paramedics ran-
domized to use transport ventilators believed that they
were better able to perform patient care tasks than para-
medics randomized to the use of a bag-valve-mask.43 In
addition, the standard adult bag-valve-mask delivers high-
volume, low-PEEP ventilation contrary to current recom-
mendations for lung-protective ventilation.4 Manual ven-
tilation with bag-valve-masks in simulated resuscitation
scenarios has been shown to often deliver with high peak
pressures, in certain scenarios that exceeded 100 cm H,0,
even among experienced respiratory therapists.45 Previous
reviews recommend the use of adjustable, disposable PEEP
valves when providing ventilation via bag-valve-masks for
preoxygenation before intubation.#¢ The impact of PEEP
valves on patient-centered outcomes in bag-valve-mask
ventilation has not been studied, and it is unclear how
often they are used in practice.

RESPIRATORY CARE ¢ MAY 2019 VoL 64 No 5

Emergency medical services providers are trained to
ventilate in a way that achieves observable chest rise, yet
bag-valve-masks do not provide feedback on the delivered
V1. Pneumotachograph devices are not routinely used or
carried by emergency medical services providers. One sim-
ulation study demonstrated that the use of a standard pe-
diatric bag-valve-mask resulted in a significantly greater
proportion of Vr in the 6—8 mL/kg PBW range than the
use of adult bag-valve-masks (17.7% versus 5.1%).4 Me-
dian (interquartile range) Vr delivered via endotracheal
tube were also significantly greater when an adult bag-
valve-mask (981.5 [901-1085] mL) was used compared
with a pediatric bag-valve-mask (663 [615-696] mL).44 A
separate simulation study demonstrated that gripping the
bag-valve-mask with fewer fingers, in conjunction with
pediatric bag size resulted in an even greater proportion of
volumes being in a lung-protective range when compared
with an adult bag-valve-mask alone (46.4% versus 0.4%).47
Analysis of these data indicated that injurious ventilation
could occur in patients who receive ventilation via adult
bag-valve-masks, although no patient-centered outcomes
exist.

Complications Associated With Prehospital
Mechanical Ventilation

Critical events (ie, major resuscitative procedure, hemo-
dynamic deterioration, or inadvertent extubation) occur in
as many as 1 in 20 aeromedical transports of patients who
are critically ill, and the need for mechanical ventilation is
independently associated with a 2- to 3-fold increase in
risk of critical events during transport.#84° Hypoxemic ep-
isodes during transport have been reported with relatively
high frequency across studies that measured this end point
(1.3-28%).48:50 Despite these risks, transfers of patients to
facilities with higher levels of care are generally consid-
ered safe and deaths during transport are relatively rare,
having occurred in 0.0-0.1% of transports described in
the literature.4!48:51

Hypocapnia secondary to hyperventilation also occurs
frequently during prehospital ventilation. This has been
most commonly documented among patients with trau-
matic brain injury and occurred in up to 79% of patients.52:53
Prehospital hyperventilation and the resulting hypocapnia
are associated with poor outcomes, including worsened
mortality in multiple analyses.>*-5¢ The major mechanism
of this injury is believed to be decreased cerebral blood
flow and vasoconstriction that causes ischemia in cerebral
tissue.5*->7 Use of prehospital quantitative end-tidal cap-
nometry to avoid unintentional hypocapnia has been asso-
ciated with a decreased incidence of hyperventilation.>8
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Clinical Impact of Prehospital Ventilatory Care

Changing transport practices have impacted the clinical
course of prehospital patients. In particular, dedicated crit-
ical-care transportation teams can provide a similar level
of care as an ICU. Patients treated by these teams experi-
ence fewer critical events than those treated by advanced
life support paramedics.*® Across multiple studies, critical-
care transport teams with training in complex ventilator
management are associated with improved P, after trans-
fer from outside facilities in patients with hypoxic respi-
ratory failure.#'-50-5! Wilcox et al*! describe a cohort in
which high rates of neuromuscular blockade were observed;
58 subjects (43.3%) received initial neuromuscular block-
ade from the critical care transport team. The transporting
team changed ventilator settings during transport in 89%
of the subjects, most commonly decreasing Vi (35.9% of
subjects), increasing PEEP (29.1%), and increasing Fio,
(30.1%).41 These changes were associated with increases
in P, on arrival at the receiving facility.#' Increasing Fyo,
and PEEP, and administration of neuromuscular blockade
were most strongly associated with increased P,q, after
transport. In addition, ventilator changes were associated
with reduced peak inspiratory pressure and trended toward
reduced plateau pressures. Prehospital mechanical venti-
lation management not only influences oxygenation and
critical events during transport but may also carry down-
stream effects as well. V1 provided by prehospital aero-
medical crews have been shown to influence initial hos-
pital Vo, both in the emergency department and ICU.42

Emergency Department Ventilation

Landscape of Mechanical Ventilation Provided in the
Emergency Department

Conservative estimates show that, in the United States,
250,000 patients are on mechanical ventilation in the emer-
gency department annually.”® This rate is increasing,5%-6!
along with overcrowding and emergency department board-
ing of patients who are critically i11.6263 A survey of emer-
gency department directors revealed that >90% of emer-
gency departments report problems with crowding and that
daily crowding occurred in 39% of emergency depart-
ments, which resulted in delayed care and diagnosis in
almost 40% of the patients.%* Crowding and prolonged
boarding is associated with worsened mortality and pro-
longed mechanical ventilation duration.6'-65-67 Increased
duration of mechanical ventilation in the emergency de-
partment has been independently associated with increased
mortality.6”

Until recently, mechanical ventilation in the emergency
department has received little attention in the literature
outside of initial airway management.* Survey studies
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showed that emergency physicians and trainees are often
uncomfortable with ventilator management,>° and multi-
ple studies showed that potentially injurious ventilation is
commonly delivered in the emergency department.!-8-38
Volume control continuous mandatory ventilation is the
most common mode of mechanical ventilation used in the
emergency department (65-90% of patients).!-36% Analy-
sis of the observational data from the emergency depart-
ment showed that subjects received mean levels of PEEP
of ~5 cm H,0 and high F."# A single-center study
demonstrated median (interquartile range) emergency de-
partment V1 to be 8.8 (7.8-10.0) mL/kg PBW and that
lung-protective ventilation was delivered in only 27.1% of
the subjects.!

Similar findings were observed in a multi-center study.
Although a greater proportion of subjects in this cohort
received lung-protective ventilation (55.7%), 11.4% still
received V1 of >10 mL/kg PBW.8 In a cohort at a differ-
ent network of centers described by Wilcox et al,%® ap-
proximately half of the subjects received ventilation with
both Fjo, of 1.0 and PEEP of =5 cm H,0, and nearly 40%
of the subjects received nonprotective ventilation. The me-
dian Fjo_ in this cohort was 1.0, and the median PEEP was
5 cm H,0. Patients often receive prolonged exposure to
both high V1 values (median V1 = 230 [0-320] min) and
high Fjo. (median V. = 251 [148-373] min) while in the
emergency department.” Initial ventilator settings remain
static in up to 78% of subjects in the emergency depart-
ment for the duration of ventilation, which suggested that
the historical practice of ventilator management in the emer-
gency department did not involve active titration of set-
tings.1:67.68

Clinical Impact of Mechanical Ventilation in the
Emergency Department

As demonstrated by several cohort studies, the historical
approach to mechanical ventilation in the emergency de-
partment involved the following: (1) relatively high Vi ;
(2) PEEP of 5 cm H,0; (3) Fyp, of 1.0; and (4) the delivery
of mechanical ventilation in the supine, flat position.1.8.68
The LOV-ED (Lung-Protective Ventilation Initiated in the
Emergency Department) trial was designed to target these
practice patterns through a quality-improvement initiative
with protocolized dosing of Vi, PEEP, Fo , and head of
bed elevation for subjects in the emergency department
who are on mechanical ventilation.3¢:%° This protocol was
largely driven by respiratory therapists who measured ac-
curate heights in all subjects to effectively implement lung-
protective V1 based on PBW and titrated F;, and PEEP to
maintain adequate oxygenation.3¢:%° The protocol that was
used clinically is displayed in Figure 1. This protocol was
effectively implemented, with a significant increase in lung-
protective ventilation from 48.2% in the pre-intervention

RESPIRATORY CARE ¢ MAY 2019 VoL 64 No 5



PREHOSPITAL AND EMERGENCY DEPARTMENT MECHANICAL VENTILATION

Initiate ED Ventilator Protocol

Il

Obtain accurate
patient height

After patient stabilized, use tape
measure for height measurement

°

Set tidal volume ~ 6mL/kg PBW
Target 6 mL/kg PBW if possible ARDS
Range 6-8 mL/kg PBW if no ARDS
Use ARDSNet PBW tables

Limit plateau pressure <30 cm H,0
In patients with stiff chest wall (eg,
obesity), can accept higher plateau

Atelectrauma

Set PEEP 25 cm H,0
Estimated BMI >30, set PEEP to 8
cm H,0
Estimated BMI >40, set PEEP to 10
cm H,O

Hyperoxia

Initiate Fio, at 0.30-0.40 (not 1.0) after intubation

Titrate Fio, for Spo, ~ 90-95% or Pso,
55-60 mm Hg

If hypoxic, use PEEP table for most
appropriate Fio,-PEEP combination

Ventilate
appropriately

Set frequency at 20-30 breaths/min
Monitor for intrinsic PEEP, as lower
rates may be needed in these patients

Aspiration
precautions

Elevate head of bed > 30 degrees
Place naso- oro-gastric tube

Fig. 1. Emergency department ventilator protocol. ED = emergency department; PBW = predicted body weight. From Reference 36, with

permission.

cohort to 96.2% in the intervention cohort. Among sub-
jects without ARDS, the post-intervention cohort received
lower median dosing of Fio, (median (IQR), 0.4 [0.4-0.6]
versus 0.80 [0.5-1.0]) and V1 (8.1 [7.3-9.1] mL/kg PBW
versus 6.3 [6.0-6.7] mL/kg PBW).36

The LOV-ED protocol was associated with a reduction
in mortality from 34.1% to 19.6% and a reduction in pul-
monary complications (composite outcome of ARDS and
ventilator-associated conditions) from 14.5% to 7.4%. In
addition, ventilator, ICU, and hospital-free days were
greater among the subjects who received protocolized
lung-protective ventilation while in the emergency de-
partment, with mean differences of 3.7, 95% CI 2.3—
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5.1d; 2.4,95% CI 1.0-3.7 d; and 2.4, 1.2-3.6 d, re-
spectively.3¢ Similar results were seen in the subjects
with ARDS. Receipt of the emergency department—based
lung-protective intervention was the only predictor of
subjects with ARDS ever receiving lung protection in
the ICU and was associated with a mortality reduction
from 54.8% to 39.5% and with an increase in ventilator-
free days from 7.7 to 11.6.37 Results of both studies are
detailed in Table 1.

Although analysis of these data indicated that emer-
gency department lung-protective ventilation is associated
with improved patient outcome, it is unclear whether the
observed clinical benefit was secondary to mitigation of
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Table 1.  Outcomes of Before-After Studies That Implemented Lung Protective Ventilation in the Emergency Department
Adjusted Odds
Study Patients Outcome el RN | CREoe
Difference, 95% CI
Fuller et al,* 2017+ Subjects without ARDS Subjects 490 490
and who were on Primary composite outcomes: 71 (14.5) 36 (7.4) 0.47,0.31-0.71
mechanical ventilation ARDS 53 (10.8) 20 (4.1) 0.35, 0.21-0.60
VAC 37 (1.6) 23 (4.7) 0.60, 0.35-1.03
Secondary outcomes
Ventilator-free days 14.7 £ 11.7 184 £ 104 3.7,2.3-5.1
Hospital-free days 94 *+95 11.7 £9.2 24,12-3.6
ICU-free days 13.6 = 11.1 16.0 = 9.9 2.4,1.0-3.7
Mortality 167 (34.1) 96 (19.6) 0.47, 0.35-0.63
Fuller et al,?” 2017 Subjects with ARDS Subjects 186 43
(onset in emergency Mortality§ 102 (54.8) 17 (39.5) 0.36, 0.16-0.82
department or ICU) Secondary outcomes
and on mechanical Ventilator-free days 7.7+99 11.6 = 10.8 4.0,0.6-7.3
vegtlation ICU-free days 72+94 9.1+92 19,1210 5.0
Hospital-free days 4.0=*63 ST=74 1.6, —09to 4.2

* Data are mean = SD or n (%).
+ Outcomes are reported from a propensity score-matched analysis.36

+ The primary outcome was a composite of the event rate of VAC and ARDS. which represent patient-centered pulmonary complications; primary outcome and mortality were evaluated by using a

logistic regression model.
§ Mortality was evaluated by using a logistic regression model.
VAC = ventilator-associated conditions

ventilator-induced lung injury, reduced hyperoxia, or some
therapeutic combination. Analysis of the clinical data
showed that hyperoxia is associated with worse outcomes
across a wide range of patients, including acute coronary
syndrome and after cardiac arrest. However, these data
had largely been limited to hyperoxia observed in the
ICU.70.71 An a priori planned substudy’ of the LOV-ED
trial demonstrated increased mortality in the subjects with
hyperoxia (P,o, >120 mm Hg) in the emergency depart-
ment (29.7% vs 19.4%). There was a dose-dependent re-
lationship between increasing ranges of hyperoxia and ob-
served mortality as well (Fig. 2). Although clinicians
recognize the negative impacts of hyperoxia, this typically
is not reflected in their oxygen administration patterns.’>73
As such, hyperoxia is common in patients on mechanical
ventilation in the ICU and the emergency department, and
a possible target for improved outcomes.”72

Summary and Recommendations

As demonstrated in this review, mechanical ventilation
in the prehospital and emergency department settings (1)
influences how the ventilator is managed after ICU admis-
sion, and (2) impacts patient outcome. Providers in these
arenas, therefore, should strive to achieve the most-appro-
priate and safe ventilator settings on an individual patient
level. Interfacility transfer of patients who are hypoxemic
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Fig. 2. Mortality across oxygenation subgroups. Hypoxia, P,o,
< 60 mm Hg; normoxia, P,o, 60-120 mm Hg; mild hyperoxia, P,o,
121-200 mm Hg; moderate hyperoxia, P,5, 201-300 mm Hg; se-
vere hyperoxia, P,o, >300 mm Hg. From Reference 7, with per-
mission.

to higher levels of care (ie, a facility with extracorporeal
membrane oxygenation capability) is feasible and safe,
despite risks of deterioration and desaturation to the pa-
tient. In the prehospital environment, strong consideration
should be given to avoidance of adult bag-valve-masks in all
patients to avoid the dangers of hyperventilation and hypo-
capnia as well as the delivery of unnecessarily large V.- val-
ues. When possible, a transport ventilator should be used or
the adult bag-valve-mask should be replaced with a pediatric-
sized bag-valve-mask to minimize delivery of V. that exceed
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lung-protective ventilation targets.** Hypocapnia can be
avoided by titration of ventilation based on end-tidal capnom-
etry to reduce the risk of hyperventilation. Despite a paucity
of patient-centered outcome data, we agree with previous
recommendations to use a disposable, adjustable PEEP valve
when providing bag-mask ventilation, titrating PEEP dosing
to patient oxygen saturation.

For the vast majority of patients who receive mechan-
ical ventilation in the prehospital or emergency depart-
ment setting, we recommend that lung-protective Vi
(6—8 mL/kg PBW) be the default approach. It should
also be noted that data from large academic medical
centers demonstrated that ~8% of patients on mechan-
ical ventilation in the emergency department have acute
lung injury.®74 Therefore, dosing Vi closer to the 6
mL/kg PBW end of the range as an initial approach may
serve to improve the outcome in this cohort. To avoid
hyperoxia, as opposed to the traditional approach of
administering Fo of 1.0 at the initiation of mechanical
ventilation, we recommend starting at 0.3—0.4 and only
titrating up when needed, and in combination with PEEP.
To streamline care, we recommend bundled ventilator
protocols to help achieve implementation of best prac-
tices, and recommend a team approach, with heavy in-
volvement from respiratory therapy. The lung-protec-
tive ventilation protocol used successfully in the
LOV-ED study is displayed in Figure 1.

Although we recommend the effective implementation
of protocols to reduce the unnecessary practice variability
that surrounds postintubation mechanical ventilation, this
does not replace the clinical decision making at the bed-
side with respect to dynamic ventilator adjustments. The
implementation of a lung-protective ventilation protocol
has proven safe and feasible, and is associated with im-
proved outcome in patients on mechanical ventilation. How-
ever, it is not appropriate for all patients with acute respi-
ratory failure (ie, life-threatening acidemia, expiratory flow
limitation, and intrinsic PEEP [asthma, COPD]).7576 Al-
though high minute ventilation is often used to reduce
P,co, transiently in the setting of acute brain herniation,
maintenance of normocapnia is recommended in patients
with brain injury.”’

Protocols in patients with and without ARDS allow for set
frequency adjustments up to 3035 breaths/min36.78; In most
patients, this does not result in clinically important in-
creases in intrinsic PEEP and can typically maintain nor-
mocapnia.” This method has been shown to be safe in
patients with brain injury and gives providers the flexibil-
ity to titrate ventilation to achieve appropriate P.co, levels
while providing lung-protective V.1.8° Further, lung-pro-
tective ventilation in the setting of brain injury is well
tolerated physiologically and is associated with improved
outcomes.8! Therefore, the presence of brain injury should
NOT preclude clinicians from attempting to use lung-pro-
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tective ventilation. Finally, among the most important find-
ings of this review was that there is a relative paucity of
literature in the realm of prehospital and emergency ven-
tilation. Given the importance of this topic, we believe that
this is an area that is ripe for further study.
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U.S. Department of Homeland Security

System Assessment and Valldation for Emergency Responders

The U.S. Department of Homeland Security
(DHS) established the System Assessment
and Validation for Emergency Responders
(SAVER) Program to assist emergency
responders making procurement decisions.

Located within the Science and Technology
Directorate (S&T) of DHS, the SAVER
Program conducts objective assessments
and validations on commercial equipment
and systems, and provides those results
along with other relevant equipment
information to the emergency responder
community in an operationally useful form.
SAVER provides information on equipment
that falls within the categories listed in the
DHS Authorized Equipment List (AEL).

The SAVER Program is supported by a
network of technical agents who perform
assessment and validation activities.
Further, SAVER focuses primarily on two
main questions for the emergency
responder community: “What equipment is
available?" and “How does it perform?”

For more information on this and other
technologies, contact the SAVER Program
Support Office.

RKB/SAVER Telephone: 877-336-2752
E-mail: saver@hq.dhs.gov

Website: https://www.rkb.us/saver

Reference herein to any specific commercial
products, processes, or services by trade
name, trademark, manufacturer, or otherwise
does not constitute or imply its endorsement,
recommendation, or favoring by the

U.S. Government. Neither the

U.S. Government nor any of its employees
make any warranty, expressed or implied,
including but not limited to the warranties of
merchantability and fitness for a particular
purpose for any specific commercial product,
process, or service referenced herein.

Pre-Hospital Ventilators
(AEL reference number 09ME-02-VENT)

Ventilators are positive pressure devices that deliver regulated volumes of air
and supplemental oxygen to patients requiring respiratory support. The
concentration of air and oxygen can be adjusted as needed with each breath
and with the number of breaths per minute. Pre-hospital ventilators are used
during emergency response operations and for ground or air transport.

In order to provide responders with information on currently available
pre-hospital ventilators, Science Applications International Corporation
conducted a comparative assessment of these devices for the System
Assessment and Validation for Emergency Responders (SAVER) Program in
May 2012. Detailed findings are provided in the Pre-Hospital Ventilators
Assessment Report, which is available by request at https://www.rkb.us/saver.

Assessment Methodology

Prior to the assessment, eight emergency medical technicians and paramedics
were chosen from various jurisdictions to participate in a focus group. The
group identified evaluation criteria and recommended product selection criteria
and possible scenarios for assessment.

After identifying evaluation criteria, the focus group assigned each criterion to
one of five SAVER categories, and then assigned a weight for its level of
importance. Once the criteria were weighted, the five SAVER categories were
assigned a percentage value to represent the level of each category’s
importance relative to the other categories.

Based on focus group recommendations, market research, and system
availability, the following pre-hospital ventilators were selected for
assessment:

o AutoVent™ 3000, Allied Healthcare Products Inc.;

o Simplified Automated Ventilator (SAVe™), AutoMedx Inc.;

o AEV® Automatic Emergency Ventilator, Impact Instrumentation
Inc.; and

¢ MCV200 Portable Ventilator, Allied Healthcare Products Inc.




Eight responders served as evaluators for this
assessment. All evaluators had received Emergency
Medical Technician—Intermediate or Paramedic
certification or licensure by a national or state agency,
and had at least 8 years of professional experience
providing advanced adult and pediatric patient airway
management.

During the assessment, evaluators rated the pre-hospital
ventilators based on evaluation criteria established by
the focus group. The assessment was separated into two
phases: the specification assessment and the operational
assessment. Evaluators assessed the systems based on
vendor-provided information during the specification
assessment. Hands-on experience using the pre-hospital
ventilators during four scenarios served as the basis for
the operational assessment. Mannequins were used to
simulate adult patients during each of the scenarios.

Assessment Results

SAVER Category Definitions
Affordability groups criteria related to life-cycle costs of

a piece of equipment or system.

Capability groups criteria related to the power, capacity,
or features available for a piece of equipment or system
to perform or assist the responder in performing one or
more relevant tasks.

Deployability groups criteria related to the movement,
installation, or implementation of a piece of equipment or
system by responders at the site of its intended use.

Maintainability groups criteria related to the
maintenance and restoration of a piece of equipment or
system to operational condition by responders.

Usability groups criteria related to the quality of the
responders’ experience with the operational employment
of a piece of equipment or system. This includes the
relative ease of use, efficiency, and overall satisfaction of
the responders with the equipment or system.

Table 1 displays the composite assessment scores as well as the category scores for each pre-hospital ventilator.
Higher scores indicate a higher rating by evaluators. For specifications, see table 2. The advantages and
disadvantages of each pre-hospital ventilator, as identified by evaluators, are listed in table 3. To view how
each pre-hospital ventilator scored against the evaluation criteria assigned to the SAVER categories, see table 4.

An analysis of evaluator comments and scores revealed the following common observations concerning the

assessed pre-hospital ventilators:

o Evaluators placed a high value on pre-hospital ventilators that are intuitive and easy to use.
o Evaluators expressed a strong preference for pre-hospital ventilators capable of operating in a wide

range of environments.

o Evaluators preferred pre-hospital ventilators with dual settings that allow the unit to be used on both

adult and pediatric patients.

o Evaluators placed a high value on pre-hospital ventilators that are sensitive to changes in airway

pressure.

o Evaluators expressed a strong preference for pre-hospital ventilators that can be easily deployed due to

being compact, lightweight, and/or mountable.

o Evaluators preferred pre-hospital ventilators that are reasonably priced and have low maintenance costs.
o Evaluators placed a high value on pre-hospital ventilators that can be easily cleaned.

o Evaluators expressed a strong preference for pre-hospital ventilators that include a warranty.

o Evaluators placed a high value on pre-hospital ventilators that have lengthy run times and reduced

charge times.

o Evaluators expressed a strong preference for pre-hospital ventilators that include audio and visual

alarms.

Responder agencies considering the purchase of a pre-hospital ventilator should review the detailed findings in
the Pre-Hospital Ventilators Assessment Report and carefully consider each device’s overall capabilities and
limitations in relation to their jurisdiction’s operational needs. All reports in this series, as well as reports on
other technologies, are available in the SAVER section of the Responder Knowledge Base (RKB) website,

https://www.rkb.us/saver.




Table 1. Pre-Hospital Ventilator Assessment Results

Composite  Affordability Capability Deployability Maintainability Usability
Score (15% Weighting)  (25% Weighting)  (10% Weighting)  (10% Weighting)  (40% Weighting)

Product

AutoVent™ 3000 3.4 43
SAVe™ i 0B i 8, 33 | 45 | 3.0 | 40
AEV® 33 27 38 3.2 3.0 3.3
MCV200 [ 80 g 33 | 26 [ 2.7 | 30

Table 2. Pre-Hospital Ventilator Specifications’

Specifications AutoVent™ 3000 SAVe™ MCV200
Flow rate 16 to 48 L/min 6 L/min 0 to 100 L/min 12 t0 36 L/min
Tidal volume 400 to 1,200 mL 600 mL 50 to 1,500 mL 200 to 1,200 mL
F1O2 (percentages) 100 21, 65, 100 2110100 21, 65, 100
Frequency 8 to 20 bpm 10 bpm (preset) 1 to 60 bpm 8 to 20 bpm
Dimensions (L x W x H) 3.5x6.0x1.8in. 6.5x6.3x2.5in. 8.0x125x4.5in. 14.5x10.3x3.5in.
Weight 1.5Ibs 3.0 Ibs 9.5 Ibs 17.2 Ibs
FDA approval November 1993 September 2007 April 2011 May 2009
Notes:

1t Information was provided by manufacturers and has not been independently verified by the SAVER Program.

bpm = beats per minute L = length

FDA = U.S.Food and Drug Administration Ibs = pounds

FIO2 = fraction of inspired oxygen L/min = liters per minute
H = height mL = milliliter

in. = inches W = width

Table 3. Pre-Hospital Ventilator Advantages and Disadvantages

Product Advantages Disadvantages
e (Can be used on both adult and pediatric patients o Labeling of control knobs
o \Well suited for emergency response and transport o Unable to operate without oxygen
e Simplistic use o Minimal alarms; no low pressure alert or notification
e Minimal training required for use o No extended warranty available; no replacement or
e All pneumatic; no battery or electronic power source loaner units provided
required

Rugged, lightweight, and compact
Rugged circuit; difficult to kink

PEEP valve available as an assembly
Reasonable initial cost

Low maintenance costs

Easily deployed

AutoVent™ 3000
Composite Score: 3.6




Table 3. Pre-Hospital Ventilator Advantages and Disadvantages (Continued)

Product

SAvVe™
Composite Score: 3.6

Advantages
Well suited for pre-hospital response o
Simplistic use °
Small learning curve
Battery powered with 5.5-hour run time e

Will operate without compressed gas

Durable; designed for forward combat life-savers
Automatic shutoff; prevents overpressure or over
insufflations

Tactical mode; allows user to turn off audible and visual
alarms

Inexpensive initial cost

1-year warranty; extended warranty available
Loaner units available

Low maintenance costs

Lightweight, compact, portable

Rapid deployment time

Easily decontaminated

No software updates needed

Disadvantages

Fixed ventilator; only for apneic patient

Preset settings; unable to change or customize
(e.g., tidal volume, rate, etc.)

Only administers 600 mL; cannot be used on
patients weighing less than 100 pounds
14-hour charge time; slow trickle charge

AEVe
Composite Score; 3.3

Well suited for critical care transport °
Capable of operating without a compressed gas source
Sensitive to change in airway pressure

Easy to troubleshoot

10-hour battery life

High operating temperatures

Audible and visual alarms

Customizable settings

Allows for spontaneous breathing

Extra features (e.g., waveform display, safety features,
multi-step processes)

Good in-service training/DVD

Requires moderate level of training; not an entry
level unit

Selector knob slippage

CPAP mode required for manual breath to work
Initial cost

Carrying case not included

Operating manual not included; $27 additional cost
Loaner unit provided based on availability
Maintenance costs

Extended warranty costs

Poor handle; no straps to tie to stretcher

MCV200
Composite Score: 3.0

o Will accept CBRNE air filter/cartridge; can be used in

Operates independently on compressed gas or will operate
on battery with room air

Automatically changes to room air if compressed gas is
depleted

Audio and visual alarms

Can be used on both adult and pediatric patients

hazardous environments
Straps included to secure unit to stretcher

Labels for adult settings should be larger and
brighter

Heavy and cumbersome

No security locks; controls easily unintentionally
adjusted

Lag time in adjustment knobs

No values on electronic control knobs

Difficult to read color on pressure gauge

No legend on screen; difficult to see in low light
Slow to respond to changes in air pressure

High pressure alarm reads from 0 to 80 psi; only
works from 0 to 20 psi; does not alarm between
20 and 80 psi

o Straps not attached or durable; can be easily lost

o Initial cost
Notes:
CBRNE = chemical, biological, radiological, nuclear, and explosive mL = milliliter
CPAP = continuous positive airway pressure PEEP = positive end expiratory pressure
DVD = Digital Versatile Disc psi = pounds per square inch




Table 4. Pre-Hospital Ventilator Criteria Ratings'

Least

Favorable ‘ Favorable

O ™ P @ O BRI SAVe™ MCV200

Affordability

Value for cost

Replacement parts costs

Accessory costs

Maintenance costs
Capability

Decontamination capability

Power supply options
System durability

System alarms

Oxygen adjustments

System features

Multifunctional ventilation

Initial implementation

Equipment compatibility
Deployability
Ease of transport

Ease of site setup

Maintainability

Ease of decontamination

User serviceability

oo 66 ¢6¢(erbe® oww
veow 00 606 vvrbbe www

Warranty

Software updates? Not applicable Not applicable
Usability
Ease of use

User-friendly controls

Easy-to-read display

Cboo veoove o G066 ECEC6e Goww
Cove 66w 60 CoveerEG0e @@

G666
666

Functional component connections

Note:

T Averaged criteria ratings for each assessed product are graphically represented by colored and shaded circles. Highest ratings are

represented by full green circles.
2 This criterion was not assessed for the AutoVent 3000 or the SAVe as it was not applicable. This did not affect the products’ final scores.





