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Purpose: Tha priraary objective of this study w4 (o compars Emer-
srency Medical Technlolans-Paramedics (EMT-F) perceptions of the
usefuloeas of an automatic Manepont ventilstor (ATV) compared
with bag velva (BV) ventiladon for Intubsted pationts,

Mithode: Cordicpulmonsry reduacitation of assisied ventilation pa-
tients were mndomly ansignad by day to tha ATV or BY &m of the
" stody. Quegtiommaires wers completed by tha EMT-Py m ibe con-
vlusion of each patient enrvliment EMT-Fs ware ssked 1o rate the
modality used (ATV verruz BY) on esse of usa, dmo of zetup,
expedition of trunsport, addirfonn) gks edmpletsd, dooumsnmtion,
oversll parien! eace, and patient comibn.

Renults) Twenty-sight paticmts were entered into the amdy, 14 in the
BV arm and |4 In the ATV srm. There were significant diffevences
in favor of the ATV | ability to accomplish edditionn) taske (P =
0.01}, sbilify to documnant (P = 0.04), and sbility to provide paticnt
are (P = 0.03)

Conclariony: EMT-Pa were sbit to accomplish more 19sks, doou-
‘meaf more complewsly, and provige bener patiant catc with the ws
of the ATV.

Key Wurds: emergency medical services, ventilation, end-tidal CO,,
critical care.
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afe, sffective airway mancgement is the single most jm-

parian sill] performed by protiospital personnel. In the
past, mest mechanical ventilatars werw electronically driven.!
More recently, a number of devicss that ake gas-drivén have
eppeared on the marketplace.™ Thess devices are simple fo
use, effeotive, and inexpensive. Previous studies have shown
that trangport ventilators are betizr at roaintalning minute vol-
ume* and pre/postarterial blood gas results.™* However, no
onc has cvaluated onpoing oxygen ssluration and the ability
of Emergency Medical Service (EMS) crews to perform other
functions. We are geeking to detormine whether a pas-pow-
sred ventilutor is & valuable agset to EMS ence a definitive
altway haa boen estnblished.!2*1% If n gag-powercd ventile-
tor could be used for alraray support, the result could be an
improvement in patient ventilation, pstient care, And oXygen-
stion diring trensport,

The hypothesos of Ihis study were that (1) paramedics
prefer the use of 2 gas-powered respirutor over the use of a
bag volve (BY) and thux (2) tnensures of ventilation and ox-
ygonatlon can be suncessfilly rucorded by BMS personnel
during wangport

Materials and Methods
This was 20 unblinded, randomized, prospective study
comparing twn venlilatory methods in intubated patients,
The study device used wae the Vortran Automuatic Re-
sugeitator (VAR), which is a single-patient, disposable, gae-
powered, sutomstic tesuscitator, Tha VAR provides conatimt-

Key Points

» {Jge of an antomatic wanspon ventilator allowed EMTs
to accomplish exta tasks, document berter, and pro-
vide better patient care,

« Bide effocts arc no differont between the nitomatic
transpart ventilator and the bag velve,

+ Physlologicat data can be effectively gathered during
ficld cere of intubated pationts,

© 2005 Southern Mericol Associntfon



May-18. 2008 1151 AMm meBl6-454-0490

flow, pressure-cycled ventilation. It oan be used in cither the
‘pressure gupport or pressire contol modes, A manamerer
providas real ime alrway presiurs figures. The device in-
tludes a 60 em HyO pop-off valve that will acraste in the
unlikely event of a pressure ovetload. For clarity, the VAR
will be calted an sutomatic transport ventilotor (ATV) Fat the
remainder of this report. Both the ATV end the BY were
FDA-approved devices for ventlatory management that were
usad rucceasfilly in other environmonts, The cosl of the VAR
{c l=ay than $100. Figura | shows the ventilstor.

Pirlents were included if oy were af Jeast 18 yeam of
iga and andotrocheal intubation was pucecysful. Patients un-
der the age of 18 or those weighing loss than 40 kg were
excludad, as the ATV is oot approved for those patienmts.
Butry included those intubated for either CPR v aspisted
ventilatton, -

The indapendemt variable was the use of elther the ATV

orthe BY to vantilat= » patient. The dependent vatisbles were
the following; (1) suscepsfu) mansgement, ag detemined olin-
ically by case of use of the device, ability 1o accomplish
additional tasks, ability to complete additiona) moaltedng,
ability to provide more thotough doecumentntion, and overal]
aszegament of the performancs of the device a2 measured by
‘W Likert scale completed by paramadioy pRer tmorport; and
(2) ofTectivencsy of uxygenation and ventilation, as deter-
minad by pulsc oximetry and capnomerry.
. All cages were anulyand with the yse of sa intention-to-
topt methodolopy. Ambulance units wete seaigned to use the
ATV or the BY resurcitator a5 thelr mothod of ventilatory
guppart for  24-hour period, based on a Yar of random num-
bers, The device unpacked and packaged for use Ly ghown in
Figure 2, A and B,

Afler random asdignment, the dsta collection device was
connected to sl subjests 1o collect physiological data. Pulse,
oxygen saturdHon, respimtory rate, and end-lidal CO, were
collected every § eeconds and converted loto an Bxcel file for
aualysis,

At the recelving hospital, the intervention phass of the
study oenned nnd the hospital mansgermant was based on phy-
sician choice of care. The arudy informetion form waa filled
out for cach patient, indicating condition of the patient, ac-
tivities of the poramedice, and cutcomw, The questions doter

T .
Fla, ) Vortran dispossbia pressure-pawered vantilatoy used In
the uudy,

R
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Fig. 2 Dxin aullecton device jald out te show sl of the pirts (4)
amd packed for use by the EMS provider (8). Comparisen with
a Bio pen fn B shows ibe relatively gmsll size of the packet
cairied by EMS,

miged paramedic opinlon oo the ventilation mathod used in
comparizon to the ether method (—2 = much Wb, -1 =
worse, 0 = the same, 1 w bener, 2 = much bettar). Compli-
cafions were followed in an ongoing menner, and the study
would be stopped if there was a gignificant difference in
complications between the two groups, In the svent that the
Eag-powered veptilator was not werking sucsensfully, the pa-
ticot's alrway management reverted {o venbilatory manage-
ment with a BY,

Confounding vatjables of cxperience with BY and vasi-
stion from standard tachniques in placament were avoided by
treining everyons squally and using a breok-in period at the
bepinning of the atwdy 1o alow EMS personncl to gein fa-
radliarity in wing the gag-powered vertilstors,

The University Inveatipational Review Board spproved
the study. This srudy was wulved from informed consént,
baped on minimal risk, We weee unahle to obeain consem
heoatige patients entered into the fudy had excemne distress at
the fime when the smdy device was uged. Both tha BV and
the ATV are PDA-approved devices for patient ventilstion.
This srudy qualified for w walved conzemt for the Rollowing
reasony; (1) there was minirasl risk sQzociat=d with sither
devioe; (2) the waiver would nol advecsaly affect the riglily or
welfaro of the subjects; (3) the study conld net be practically
performed without the walver; (4) whanovar possible, the
subfects ware provided with additional periinent information
aftar participntion, if waranted.

Although multiple madufacturers funded the study and
loantd the devices to the invastigdtors, none had any sy in
atudy design, implementaticn, writs-up, cr publication. No
study invesiipator wes sascolatad with eny of these compa-
nies or recéived any compensation.

Statipticat aalyrie wis performed by using a Mann-Whit.
ney {/ test for nonperametric data and a Pearson ¥ for di-
chotomous duta, A valucs were considered significant ar a
value of P < 0.05,
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Results

Twenty-eight patients were onterad inta the sndy, 14 in

. the BY arm and 14 in the ATV amm. The regson for devigs use
wan Agaisted ventilation in 7 of 28 (25%) casies and CPR | 2|
of 28 (75%) cases, '

There were no significant differences in the MY por-
ocption of eage of use (P = 0.08), ime of aptup (P = 0,14),
expeditlon of transport (# = 0.27), or overall patien care
(P = 0.59). Thero were sigoificant differenceg in favor of the
ATV in ablllty o aceomplish additions] tdsks (P = 0.01},
ability to dscument (P = 0.04), and ability 1o provide parient
care (P = 0.03). Thena are ilfustrated in Table 1.

Problems goowrred only rarely ond did not affect the
outcomes of any of thc patients, Tuble 2 lists the problems
and percentages for cach of the groups, More of the problesns
were with charging or reconding properly on the data collez-
oo unit. These wese not Jisted in the ohle becape they did
oot pertain to the ATV or BV venillagon devices.

The dats collsction unit was able fo recard ongolng phiya-
iological data on 15 of 28 (54%) pationts durdng EMS trans-
pon, Reasana for lack of data collection were run times that
were too short and inability to cperats Lhe data collsction unit.
Table 3 lists the patlents who had dats successfully reaocded,
dala type, and period of time,

Caro studles

The following 1wo cases illustrato the results obtalned
and the utility of noninvasive physiological monitoring of
patients during EMS traoeports, . :

Potfept I: ATV

EMS was called to the house of 8 58-year-old male for
the complaint of the patient being unresponsive (Fig, 3). The
patient was founid slumpod aver in a fond's vehicle when the
friend drove him to the firahoute. He was placed on & back-
board and gurnsy, Because he wat pulseless snd apnelo, CPR

No.4313 P. 4

wod initisted pnd the pauent was intwbaeed. En roule, the
patieat went through multiple shythm charges, including asys-
tole, pulseless eleotrioal nctivity, and vontrieuldr fibillation.
He received 1 my cpinephrine X 2, 3 mg aropine X 2, and
clectric shotks X 3. At ardval to the Bmergency Department
(ED), he bad a strong onsotid pulsc without sny change In
level of constiousness of vexpirations. The grapblo requits,
shown in Figure 3, illumrata the high values for end-tdal CO,
snd how they increass dramatically on restoration of a pulss,
The patlent gurvived,

Prtient 2 Bag vajve

EMS was oalled for a 79-year-old dizbetls mslc for
camplaint of unresponaiveness (Fig. 4). The patlent was
found lying unrezponsivc on tha ground. Because he wag
pulseless and apneic, CPR was {jitiated 4nd the patent
wis (ntybated. Ba route, the pedbnt recoived I g epi-
haphrine X 3, and 1 mg stropine X 2. There wers na
changos in 1he patient’s condition during transport. At ar-
rival to tho ED, he way declared dead on arrival by the ED
staff. The gmiphlc results shown in Figure 4 ustrate how
a thythm appeared for @ short time, but end-tdsl Co,
never increased signifionntly, and the patient died,

Discussion

We found that EMT-Pz perceived that aertain agpects of
their job (taaks, docamentation, and patient cany) were easier
when ATV was artached to the patient: We also found a tregd
toward perecived ease of use and time 10 getup in favor of the
BV. Thi» was ust surprising, considering thet ATV uge was
a newly loamed akifl. Both end-tida! CO, and oxygen sabu-
ratton could be monltored during EMS transpor.

There id a great deal of Lisrature on the uve of end-tidal
€O, during CPR and mochanica) ventitation.' "' Mogt have
supgested that o low OO, hes prognotio volue during CPR,
Gamett ot 8" say that end<ida! CO, with ventilation beld

Table 7, Likert scals comparison for EMT-P perceprions of the twa slrwoy mansgemept devices nsed Ity thls smudy.
Higher mean scares wnd higher mean ranks represent more paramedics favorably rating that device (gea text for

‘seoring £ystem)
Automptic transport
ventilator (A Bapg valve (BY)
Mosn seore  Memn rick  Mean seore  Mean rank P
Ease of we =08 11.8% ~04 11 H 0.00
Amount of time o sol up venlilation squipmen -0.6 2.1 0,1 16,64 6,14
Bupedision of qunrpont 0. 1593 0.0 12,07 o027
Acoompllehing additfonal usks 0.5 18,2} -0.3 10,79 0.0)*
Ability tn documam aotlvite cloarly and quinkly D2 12.36 -0.} |1.64 0.04*
thuring (he frapoport
Patitn comfon o0 16.50 —~0.4 1250 0.20
04 1616 04 12,64 0.03*

Ablliry  provida ovarall patient care

“Sipnificant ar P < 0,05,

972
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Table 2. Comparison of probloms with the ATV and BV ventitatory devices
For sutomstle iransport Feor bag valve
venitlator (ATV) (N = 1) (BV) (N = 19) pr
Lass of alrway before BD {up to whon patient 0 (0% 0 (o) 1.00
tumaed ever to ED phywiclan)

Evhdence of sspinmtion 3 21%) 0 [94) 0.32
Evidencs of davior frilure 2 (14%} 0 (0%} (XT3
Inabiliry to pomrectly uss dovioe }21%) 0 (o) 0,22
Onygon ran ol 0 (0%) - ¢ (oW} 1.00
Difficuity paforming CPH a (14%) 0 (o) 0A8

Pedrson 3 (P < 0.05 Iz signifioont),

Table 3. Tabie of physlelogioal data recorded during EMS transport for each of theé four variables in the 18
patienty entered lato the stady. Plus (+) indicates acceptable data was recorded; sines (-) indicates nnaceeptablo or
no detx vecorded”

Ventilation CPR or xsslsted Minutes
group ventflation (AYV) Patient No. KT Co, Resp rate 0, Heart rate recorded

ATV CFR 1 + + - - 3

2 - - - - nd

d - - - - nd

10 - - - - d

14 + + » + 16

15 - - - - od

16 + + - - 9

17 - - - - rd

20 + + * - 1y

21 - - *- + ]

26 - - - - nd

27 - - ol - n

AV 8 + + + hd 9

8 - - - - od

BY CPR 1 - - - - nd

4 + r - - k]

5 + + + + 15

13 - - + + B

n - - - - nd

k) + - + * 7

24 + - + r 9

13 - - - - nd

AV 5 + + + + 1]

12 + - + + ¥

19 + + + + |

2n - + * * 3

“nd, no date were colfecred in fhese cores,

traoked ofanges (n perfusion and thut the real-tHme minimely differont, Tha aurvivor (pattent I} had higher
:T;m of evenus with u?u daviee led 10 rapid and suocesef{  ETCO, diring the antire transport. Then, Juat balbm-tha doo-
phumoiaglml {ntarvention in the case they desoribs, The  umentaton of sponmancaus circulation, there was a ris2 in the
two cgets described in thia mport differed primarlly in the  ETCO; w values greswr than 60. On itho other hend, the
end-tidal CO, (ETCO,) valuss, the othor three variable wers  nonsurvivor had very low ETCO; levels except for b in-

Sowthern Medical Jourmal + Volume 98, Number 10, Ottober 2005 973
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create jn valuas to 35 about | to 2 minutes before BD arrival.
Our rosylts agres with thees Ober studies that the differences
in ouome seem 1o be related to ETCO;; however, the graphs
indicats that a tingle level and a partjculer me would be
oversimplifying the resulis and could Jead to tha wrong con-
olusion, Following ETCO, over time would lead o more
appropriaie use of the resulls,
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Fig. 4 Resuils shawn using datn collection devico with monitor In o ¢2ez weing the bag valve ventutor,

The diffictitiss associated with BV ventllstion during
seene managoment are Impontant w degeribe, Any time 8
patient requlros pasldve-praisure ventilatlon in the prehospi-
tal aerdng, of Jeast one merber of tig BME tesm mumt man-
usily oparate the BV resusoftator, This lpas of a team member
to such  crucial, singular duty can add difficulty to the wanx-
pon, Delays can ot2iir due to the loss of manpower to tasks

0 2005 Southarn Medical 4srociation
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such 2 extrication, patient portage over obstacles such as
etalrs, and cven due w the diffioully of moving the BurDEy
Into and gut of the ambulance. The utlllzation of resources is

" suboptimal when u skdlled provider is dedicated golely.ps the
ventilator. Clearly, this strmin on manpower 18 most acute for
™wa provider teams, which require ong¢ team mepaber 1o drive
whila the aiher shoulders the entire burden of palient care, In
this cage, management of the resuscitator completely monop-
olizze the providar'a time to the exclusion of intavenous
access, secondary survey, munsgement of injuries, and gddi.
tional patient aszessment,

It iv unknowe bow Japses in optlinal ventiiation affect
patignt oxygenation, During these instances when manpowey
Is short, patent ventilstion i3 relegated to n seoondary con-
oem, Huryt eral'® examined 28 patients requiring transport in
8 Prospoctive, randamized fashion, comparing manual venti-
lation with ventilation provided by a tmnspon vendlptor, Al
ter manmual ventiation, all patents showed » marked respira-
tory alkplosis, wheress sfter veatilation with the trenspon
ventilator theve were 0o appreciable changes in pH or PaCO,,
Bascd on these results, the authors suggested the superloriry
of gutomated mmsport venlilstors in thix setting,

In additien to the cxtra lasks that could be accomplished
sod the stabillzation of acid-base slatus, thers s an advantage
to transport ventilators in stabilizing the ventilatary rate. Dock-
ety et 2" found thar during intrabospital trensport, BY ventila-
tlon requited in greater Suctustion of ventilstory pammeters from
an establighed basgline than did usz of & tansport ventilator,
which was imporant for adequate resuscitation,

A oritical oltcome of this study was bo detarmina whather
we could suceesafully move the lsbermtofy into tho prehos-
pital setting and monitor patient data during EMS tranepon.
We were able to successfully monitor patiznts for wp o 18
minutes of rdnsport times, only limlted Yy the length of oir
longest onll, The machines worked well at collecting cvery
‘5-tecond beant rate, respiratory rate, ond~idal CO,, and ox-
yeen mturatipn, Usipg thie technology, the niumber of stadice
agsesping (he nutoome of prehospital interventions could in-
creage dmmatically,

We oaly found 8 few problems with the ATV, neme of
which reached statistinal significance. There was an inabitity
o comectly use the device by a mumber of tha paramedios,
Four cases in which “device failure™ or “igability to use the
device” was recorded were wctually failore of the data col-
lection device. These were ot recerded os cutcoms problems
becauge they were unrelated to the veatilator uss. Many were
chargiog problema bacauie both the monitor and the data
oolleotian device required frequent charging cycles and stayed
sharged for only shor periode of time.

A limitation of the atudy wea the complexity of the setup
tequired for data monitoring. The setup included o Mirly com.
plex monitoring system that itself roak addidonal tme, en-
ergy, and knowledge, The system required not anly the plage-
ment of the manitoring devicer, one on the airway and ope on

Southaa Medical Jowrnal » Ngjume 98, Number |0, October 2605
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e patient’s finger, but slso required tha EMT-P 10 tum on
both the data collector and the monitor and wail for both 10
wanm up sud set up gorectly, It then required verificaton
that dsts were bbing produced and exported by the monltor

‘and that the dala wero veoeived and recorded op the data

collector. Alihough these stops were neceppary for the re.
search vollection, in geneml these multiplo AOImplcR etepe
would not be part of the setup nnd thercfore resulved in smdy
bias. We belleve that our complinnoe level was lower bacause
of thiz diffoult so1 of sieps. Newes morketed devices oan
inonitor this Infarmeation intemnally and may offef s betar
solution in the funugs,

Operators’ preexicting Biag for or against eaoh device is
upsvoidable in a study such as this, The atudy could pot be
blinded. However, we found that the opinions of the parn-
medies 11 thy purset of the snedy were mixed, riggeating no
particular biaa on their part. .

Finally, avr gbility to peneralive thege results to other
gysterne L& Hinjred by the ischnology availabie o Lhat Systern
and the taining of the EMS respondere.

Canclusion

BEMT-Ps were abls to sccompliah more tasks, document
more complotely, and provide better patloat care with the ueo
of the ATV, The ATV can be used suceessfully during field
requacitation and transport. Tha dats collector was ablp ta
collect physlological data, tima-mark {1, snd store it for aub-
tequent setrieval in a majority of cages. Thip type of moni-
toring sysmem {8 Rasible to colleot phyainlogieal daw in the
EMS renting,
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