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AAAbbbssstttrrraaacccttt

Comparisonof15:1,15:2and30:2
Compression-to-VentilationRatiosfor

CardiopulmonaryResuscitationinanAnimal
ModelofaSimulated,WitnessedCardiacArrest

SunHyuKim
DepartmentofMedicine
TheGraduateSchool
YonseiUniversity

BBBaaaccckkkgggrrrooouuunnnddd:The compression-ventilation (C:V)ratio of30:2 thatis
recommendedinthe2005guidelinesforcardiopulmonaryresuscitation(CPR)and
emergencycardiovascularcareisbasedonexpertconsensusratherthanonany
clearscientificevidence.Furthervalidationofthisguidelineisthereforerequired.
PPPuuurrrpppooossseee:Thisexperimentalstudywasconductedtocomparetheeffectof
C:V ratiosof15:2,30:2and15:1onhemodynamicsandsurvivalinacanine
modelofasimulated,witnessedVFcardiacarrest.
SSSuuubbbjjjeeeccctttsssaaannndddMMMeeettthhhooodddsss:Thirty healthy dogsirrespectiveofspecies
(19.2± 2.2kg)wereusedin thisstudy.ThedogsreceivedCPR andwere
divided into 3 groups based on their C:V ratios of15:1,15:2 and 30:2.
Hemodynamics,arterialbloodgasanalysisandsurvivalweremeasured.After1
minuteofventricularfibrillation,4minutesofBLSCPR,defibrillationandACLS
CPRwereperformed.
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RRReeesssuuullltttsss:Inthe15:1and30:2groups,compressionsdeliveredover1min
weresignificantlygreaterthanthatofthe15:2group(73.1±8.1and69.0±6.9to
56.3±6.8;p=0.000).Thetimeforventilationinwhichcompressionwasstoppedat
eachminutewassignificantlyreducedinthe15:1and30:2groups(15.4±3.9and
17.1±2.7to 25.2±2.6sec/min;p=0.000).During BLS and ACLS CPR,allthe
hemodynamic parameters,acid-base status were not significantly different
betweenthe3groups.Eightdogs(80%)ofeachgroupachievedROSC during
BLSandACLS.Thesurvivalratewasnotdifferentbetweenthe3groups.The
mediantimetoROSC wasshorterinthe15:1groupandthemediansurvival
timeafterROSC waslongerinthe30:2group,butthedifferenceswerenot
significantbetweenthe3groups.
CCCooonnncccllluuusssiiiooonnn:In an animalmodelofwitnessed VF using a simulated

scenario,CPR with threeC:V ratios,15:1,15:2,and 30:2did notshow any
differencesinhemodynamics,ROSC rateandshort-term survivalrateamong
thethreegroups.CPR withaC:V ratioof15:1providedincreasedcompression
delivery,fewerpausesforventilation,andlessinterruptionofchestcompression
morethan5sec.

KKKeeeyyyWWWooorrrdddsss:cardiopulmonary resuscitation,compression-ventilation ratio,
hemodynamics,ROSC,survival
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III...IIInnntttrrroooddduuuccctttiiiooonnn
Thecompression-ventilation(C:V)ratioof30:2thatisrecommendedinthe

2005 guidelines for cardiopulmonary resuscitation (CPR) and emergency
cardiovascularcare is based on expertconsensus ratherthan on any clear
scientificevidence.1)Furthervalidationofthisguidelineisthereforerequired.
PastadultCPR witha15:2C:V ratioisessentiallythesameasthenormal
ratioofheartratetobreathinginaquietlyrestingadult.2)Ideally,the15:2C:V
ratioisa5secpauseforventilationfollowingevery15chestcompressions,but
inpracticetheinterruptionofchestcompressionforrescuebreathing by lay
rescuersrequiresabout16sec.3,4) The5secpauseforventilation following
every 15 chestcompressions has been shown to reduce coronary perfusion
pressure(CPP)by50% andinterruptingchestcompressionsforrescuebreathing
canadverselyaffecthemodynamicsduringCPRforventricularfibrillation(VF).5)

Actualinterruptionofchestcompressionsofmorethan5secfor2ventilations
canproducefurtheradverseeffectsonhemodynamics.Chestcompression-only
CPR hasshowntobeasgoodasstandardCPR forsuccessfuloutcome,6 but
theadvantageofincreasedbloodflow isoffsetbyincreasinghypoxiaaftermore
thanafew minutesofCPR,withprogressivelylessoxygendeliveredtothe
body tissues.7) HigherC:V ratiosmay improvehemodynamicsby decreasing
interruptionsforventilationanddeliveringmorecompressionsduringCPR.8,9)In
a recentinvestigation,a ratio of30:2 was superiorto 15:2 during manual
CPR.10)

ThisexperimentalstudywasconductedtocomparetheeffectofC:V ratiosof
15:2,30:2 and 15:1on hemodynamicsand survivalin a caninemodelofa
simulated,witnessedVFcardiacarrest.First,wehypothesizedthataC:V ratio
of30:2wouldbesuperiorto15:2.A C:V ratioof15:1isthesameas30:2,but
chestcompression is interrupted forless than 5 sec for1 ventilation.Our
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secondhypothesiswasthataC:V ratioof15:1wouldbesuperiorto30:2and
15:2bydecreasingtheinterruptiontimetolessthan5secfor1ventilation.
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IIIIII...SSSuuubbbjjjeeeccctttsssaaannndddmmmeeettthhhooodddsss

111...SSSuuubbbjjjeeeccctttsss
Thirtyhealthydogsirrespectiveofspecies(19.2±2.2kg)wereusedinthis

study.ThedogsreceivedCPR andweredividedinto3groupsbasedontheir
C:V ratiosof15:1,15:2and30:2.

222...MMMeeettthhhooodddsss

111)))PPPrrreeepppaaarrraaatttiiiooonnn
The dogs were initially sedated with 400 mg ofintramuscularketamine

(Ketalar®,Yuhan Corp,Korea) and 0.3 mg/kg of intramuscular xylazine
(Rompun®,BayerAnimalHealthCorp,Korea),andfurthersedatedwith200mg
ofintravenousketamine.Thethoracesofalldogswereshavedbyrazorfor
applicationoftheautomatedexternaldefibrillator(AED)padstothechest.After
sedation,endotrachealintubation was done with a cuffed,7.0-mm,French
endotrachealtube.Electrocardiographic monitoring was recorded continuously.
Underasepticconditions,thedogswerepositioned supineand rightfemoral
arterycannulationwasdoneusingtheSeldingermethod.Centralaorticblood
pressureswererecordedcontinuously,withamicromanometer-tippedcatheter(5
Fr,MillarInstruments,Inc.,Houston,TX).Anintroducersheath(7.5Fr,Arrow
InternationalInc.,USA)wasplacedintherightexternaljugularvein,andright
atrialpressureswererecordedcontinuously.Anintroducersheathwasplacedin
therightfemoralveinforinfusionofnormalsalineandintravenousmedications.
Leftfemoralarterycannulationwasperformedforarterialbloodgasanalysis.
Therightcommoncarotidarterywassurgicallyexposed,andanultrasonicflow
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probe(T106,TransonicsystemsInc.,USA)wasplacedaroundittoquantify
bloodflow.Alldogsweretreatedwithaheparinbolus(100units/kgIV)once
catheters were in place for avoiding thrombosis formation. During the
preparation,thedog enclosureswereventilated with room airviaavolume
controlventilator(MDS Matrix 3000,Hallowell,USA).Thetidalvolumewas
initially setat12mL/kg andtheventilatorrateat12breathspermin.An
outlineofthepreparationisshowninFig.1.
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Fig.1.Preparationandmeasurementsofdogs
AoP:aorticpressure
RAP:rightatrialpressure
CBF:cerebralbloodflow
Pacing:pacingwirefordeliveringalternatingcurrent
ABGA:arterialbloodgasanalysis
ETCO2:end-tidalCO2

222)))MMMeeeaaasssuuurrreeemmmeeennntttsss
Dataweredigitizedbyadigitalrecordingsystem (Powerlab,AD Instruments,

USA).Alltheparameters(aortic,rightatrial,andcommoncarotidbloodflow)
wererecordedcontinuouslyandanalyzedatbaseline,betweenminutes0and4of
CPR(1to5minutesafterVFcardiacarrest)andbetweenminutes4and14of
CPR (5to15minutesafterVF cardiacarrest),2hoursafterrestoration of

Data acquisition systemData acquisition systemData acquisition systemData acquisition system

ETCOETCOETCOETCO
2222

ECGECGECGECG AoPAoPAoPAoP

CBFCBFCBFCBF

RAPRAPRAPRAP

Cardiac pacingCardiac pacingCardiac pacingCardiac pacing

ABGAABGAABGAABGA
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spontaneouscirculation (ROSC)ifROSC wasachieved.CPP during CPR was
calculatedbysubtractingmid-diastolicrightatrialpressurefrom mid-diastolic
aorticpressure(Fig.2).

Fig.2.Measurementsofcoronaryperfusionpressures(CPP)
AoP:aorticpressure
RAP:rightatrialpressure
CPP:coronaryperfusionpressure

End tidal CO2 (ETCO2), tidal volumes, and oxygen saturation were
continuously measured (CO2SMO Plus®, Novametrix Medical Systems,
Wallingford,CT).Arterialblood gasspecimenswerecollected from theleft
femoralarteryatbaseline(beforecardiacarrest),andat1,5,9and15minutes
aftercardiacarrest.Oxygen saturation,PCO2,PO2,pH,baseexcess,HCO3-,
hemoglobin, and hematocrit were measured with a blood gas analyzer
(i-STAT®1,AbbottLaboratories,Illinois,USA).Compressionsdeliveredover1
min,interruption time ofcompressions over1 min and ventilation duration
duringbasiclifesupport(BLS) CPRweremeasured.
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333)))EEExxxpppeeerrriiimmmeeennntttaaalllPPPrrroootttooocccooolll
Afterbaseline data were collected,a pacing catheter(5 Fr,bipolarlead,

Arrow InternationalInc.,USA)waspositionedintherightventricle.VF was
then induced by delivering alternating electricalcurrentat60 Hz to the
endocardium and confirmed by the ECG waveform and a decline in aortic
pressure.Once VF was induced,the ventilatorwas disconnected from the
endotrachealtube.After1-minuteofuntreatedVF,mimickingtheactivityofa
bystanderrecognizingcardiacarrestandcallingforhelp,4minutesofBLSwas
performed.Positivebagvalveventilationsweredeliveredwitharesuscitatorbag
(Silicone resuscitator870040,Laerdal,Norway)during BLS.The dogs were
randomlyassignedtothreegroups:(1)the15:1group,providedwitharescue
breathfollowedby15manualchestcompressionsatthemetronome-guidedrate
of100 compressions perminute,repeated sequentially,(2)the 15:2 group,
providedwith2manualrescuebreathsfollowedby15manualcompressionsor
(3)the 30:2 group,provided with 2 manualrescuebreaths followed by 30
manualcompressions.Attheendofthe4-minuteCPR,dogsweredefibrillated
withanAED (CU-ER1,CU MedicalSystemsInc.,Korea)delivering80J(≈4
J/kg)ofenergy.IfVFpersistedorasystoledeveloped,1mgofepinephrinewas
administeredintravenouslyandallresuscitationeffortswerestartedbythe2005
advanced cardiac life support (ACLS) pulseless arrest algorithm.11) Shock
deliverywasperformedevery2minutesofCPR and1mgofepinephrinewas
administeredintravenously every 3minutesofCPR.ACLS CPR effortswere
continuedfor10minutesunlessROSC wasattained.ROSC wasdefinedasan
unassisted pulse with a systolic arterialpressure >50 mmHg and a pulse
pressure>20mmHglasting>1minute.IfROSC wasnotachieveddespiteall
effortsfor10minutes,theexperimentwasterminated.IfROSC wasattained,
dogswereobservedfor2hoursofsurvivalwithoutanypharmacologicsupports
and then sacrificed by an intravenous injection ofpotassium chloride.The
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experimentalprotocolisoutlinedinFig.3.

Time (min.)    -0.5   0 1                     5 15

Data acquisition 

Anesthesia
Intubation

Catheterization

VF

Defibrillation

N=10

N=10

N=10

15:1  BLS

15:2  BLS

30:2  BLS

ACLS 2 hours if ROSC

Termination
if no ROSC

Time (min.)    -0.5   0 1                     5 15

Data acquisition 

Anesthesia
Intubation

Catheterization

VF

Defibrillation

N=10

N=10

N=10

15:1  BLS

15:2  BLS

30:2  BLS

ACLS 2 hours if ROSC

Termination
if no ROSC

Fig.3.Experimentalprotocol
VF:ventricularfibrillation
BLS:basiclifesupport
ACLS:advancedcardicalifesupport

333...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss
Dataweresummarizedasmean±standarddeviation(SD)andcodedintoa

computerizeddataprocessingsoftwarepackage(SPSSforwindows12.0,SPSS
Inc.,Chicago,IL).One-wayANOVA wasusedwhenappropriatetocomparethe
threegroupswithregardtotheotheraforementionedvariables.KruskalWallis
testwasusedtoevaluatethedifferencesofsurvivaltimeandtimetoROSC
between the three groups.Statisticaldifferences ofROSC rate and 2-hour
survivalrate between the three groups were analyzed using the x2-test.
Independentt-testwasusedtocomparetwogroupswithventilationtime> 5
secand<5sec.P-valuesbelow 0.05weredefinedasstatisticallysignificant.
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IIIIII...RRReeesssuuullltttsss

111...BBBaaassseeellliiinnneeedddeeemmmooogggrrraaappphhhiiicccdddaaatttaaaooofffttthhheeedddooogggsss

Themean(±SD)weightofthedogswas19.2(±2.2kg)withnosignificant
differencebetween the3groups.Demographicbaselinedataofthedogsare
presented in Tablel.Therewereno significantdifferencein systolicblood
pressure(SBP),diastolicbloodpressure(DBP),meanarterialpressure(MBP),
rightatrialpressure(RAP),CPPandcerebralbloodflow (CBF)betweenthe3
groupsbeforeVFinduction.

TTTaaabbbllleee111.Baselinedemographicdataofthedogs*

*Mean±SD.
aone-WayANOVA.
bSBP:systolicbloodpressure.
cDBP:diastolicbloodpressure.
dMBP:meanarterialpressure.
eRAP:rightatrialpressure.
fCPP:coronaryperfusionpressure.
gCBF:cerebralbloodflow.

Characteristics 15:1(n=10) 15:2(n=10) 30:2(n=10) Pvaluea
Weight(kg) 19.0±2.3 19.1±1.9 19.5±2.2 0.954
SBPb(mmHg) 136.3±25.6 123.2±27.2 129.7±26.2 0.546
DBPc(mmHg) 100.4±21.0 99.9±32.9 96.8±24.0 0.947
MBPd(mmHg) 112.3±21.9 107.7±25.4 107.8±24.4 0.882
RAPe(mmHg) 9.3±5.5 15.2±7.4 10.9±4.0 0.080
CPPf(mmHg) 99.0±20.3 96.0±32.9 94.8±23.6 0.934
CBFg(mL/min.) 88.7±26.5 74.3±24.5 72.8±19.6 0.248
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222...CCCooommmpppaaarrriiisssooonnnooofff333gggrrrooouuupppsssooofffCCC:::VVVrrraaatttiiiooosssfffooorrrCCCPPPRRR

222...111HHHeeemmmooodddyyynnnaaammmiiicccpppaaarrraaammmeeettteeerrrsssaaatttBBBLLLSSSaaannndddAAACCCLLLSSSCCCPPPRRR
DuringBLSandACLSCPR,CBFtendedtobehigherinthe30:2groupthan
the othertwo groups,butthe difference was notsignificant.None ofthe
hemodynamic parameters were significantly differentduring BLS and ACLS
CPR(Table2).

TTTaaabbbllleee222.HemodynamicsatBLSandACLSCPR*

*Mean±SD.
aone-WayANOVA.
bBLS:basiclifesupport.
cACLS:advancedcardiaclifesupport.

Characteristics 15:1 15:2 30:2 Pvaluea
BLSb
SBP(mmHg) 85.7±18.7 94.0±21.0 71.7±18.6 0.546
DBP(mmHg) 25.2±7.2 31.3±20.0 24.5±10.8 0.947
MBP(mmHg) 42.1±8.5 46.6±21.7 37.5±15.6 0.467
RAP(mmHg) 96.4±33.1 78.6±19.0 82.5±13.0 0.217
CPP(mmHg) 22.4±13.7 22.1±19.5 17.3±12.8 0.722
CBF(mL/min.) 29.3±34.1 29.0±18.1 43.2±32.0 0.480

ACLSc
SBP(mmHg) 83.6±23.6 90.0±30.2 101.5±30.1 0.451
DBP(mmHg) 25.5±10.6 30.4±18.1 27.4±17.3 0.810
MBP(mmHg) 44.9±13.8 50.3±21.1 52.1±17.7 0.707
RAP(mmHg) 85.5±49.4 75.4±26.8 86.1±20.0 0.768
CPP(mmHg) 18.3±13.0 20.9±24.8 18.9±16.1 0.956
CBF(mL/min.) 22.1±10.4 19.3±16.7 34.3±36.4 0.408
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222...222CCCooommmppprrreeessssssiiiooonnn rrraaattteee,,,pppaaauuussseeeooofffcccooommmppprrreeessssssiiiooonnn aaannnddd vvveeennntttiiilllaaatttiiiooonnn ddduuurrraaatttiiiooonnn
ddduuurrriiinnngggBBBLLLSSSCCCPPPRRR
In the 15:1 and 30:2 groups,compressions delivered over 1 min were
significantly greaterthan thatofthe 15:2 group (73.1±8.1 and 69.0±6.9 to
56.3±6.8;p=0.000).Theinterruptionofcompressionwerereducedinthe15:1and
30:2groups(19.2±3.7and20.0±3.7to27.9±3.7sec/min;p=0.000).Thetimefor
ventilationinwhichcompressionwasstoppedateachminutewassignificantly
reducedinthe15:1and30:2groups(15.4±3.9and17.1±2.7to25.2±2.6sec/min;
p=0.000).Thetimeforventilationateachcyclewasreducedinthe15:1group
comparedtothatinthe15:2and30:2groups(3.3±1.1to6.9±1.5and7.6±1.8sec
p=0.000)(Fig.4).
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Fig.4.Compression rate,interruption ofchestcompression and ventilation
durationwith15:1,15:2and30:2C:V ratiosduringBLS.*Statisticallysignificant
differencesbetweenthe3groupswithp<0.05.
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222...333RRROOOSSSCCCaaannndddsssuuurrrvvviiivvvaaalll
Eightdogs(80%)ofeachgroupachievedROSCduringBLSandACLS.The
survivalratewasnotdifferentbetweenthe3groups(Table3).Themedian
timetoROSCwasshorterinthe15:1groupandthemediansurvivaltimeafter
ROSC waslongerinthe30:2group,butthedifferenceswerenotsignificant
betweenthe3groups(Table4).

TTTaaabbbllleee333.ROSCrateand2hourssurvivalrateafterROSC*

*Mean±SD.
ax2-test.
bROSC:restorationofspontaneouscirculation.

TTTaaabbbllleee 444.Time to ROSC from ventricular fibrillation and survivaltime
afterROSC*

*Mean±SD.
aKruskalWallistest.

Characteristics 15:1(n=10) 15:2(n=10) 30:2(n=10) Pvaluea
ROSCb 8 8 8 1.000
Survival 6 6 7 0.866

Characteristics 15:1 15:2 30:2 Pvaluea
TimetoROSC(sec) 405.4±182.2 465.6±195.9 432.5±264.3 0.298
Survivaltime(min) 95.3±45.9 95.9±45.1 117.8±6.4 0.690
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222...444HHHeeemmmooodddyyynnnaaammmiiicccpppaaarrraaammmeeettteeerrrsssaaafffttteeerrrRRROOOSSSCCC
Therewerenosignificantdifferencesin hemodynamicsatimmediately after
ROSC,and at30and 60minutes,and2hoursafterROSC,between the3
groups(Table5).

TTTaaabbbllleee555.HemodynamicsafterROSC*

*Mean±SD.
aone-WayANOVA.

Characteristics 15:1 15:2 30:2 Pvaluea
AtROSC
SBP(mmHg) 94.1±24.5 79.3±26.7 80.1±29.0 0.436
DBP(mmHg) 50.6±43.6 49.0±35.8 37.2±28.0 0.671
MBP(mmHg) 65.4±28.4 64.7±33.1 64.9±31.8 0.999
RAP(mmHg) 18.7±24.1 32.1±37.6 31.0±43.2 0.654
CBF(mL/min.) 52.5±31.6 45.6±25.9 53.3±33.7 0.859

After30min
SBP(mmHg) 64.6±32.2 80.9±31.7 75.0±26.1 0.596
DBP(mmHg) 39.9±27.9 48.3±25.8 42.4±23.8 0.822
MBP(mmHg) 49.5±35.4 51.4±29.3 51.3±29.1 0.992
RAP(mmHg) 9.1±5.0 12.7±7.1 10.0±5.1 0.492
CBF(mL/min.) 45.1±21.4 53.2±14.3 58.8±32.7 0.609

After1hours
SBP(mmHg) 69.2±26.6 80.2±23.8 77.6±28.3 0.754
DBP(mmHg) 41.7±23.0 46.5±25.9 44.0±26.3 0.947
MBP(mmHg) 50.8±27.5 60.5±26.2 56.1±30.4 0.840
RAP(mmHg) 13.0±9.2 12.7±6.5 12.9±6.3 0.997
CBF(mL/min.) 45.8±21.8 48.4±27.3 59.4±34.0 0.672

After2hours
SBP(mmHg) 92.7±21.9 78.6±35.5 103.3±15.8 0.256
DBP(mmHg) 58.8±17.8 42.0±33.1 60.4±14.9 0.338
MBP(mmHg) 75.6±17.9 64.5±32.7 71.9±23.7 0.671
RAP(mmHg) 10.0±5.1 12.0±7.2 14.2±7.6 0.576
CBF(mL/min.) 61.5±31.8 78.4±52.9 59.5±20.9 0.620
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222...555AAArrrttteeerrriiiaaalllbbbllloooooodddgggaaasssaaannnaaalllyyysssiiisss
Therewerenosignificantdifferencesin arterialbloodgasanalysisatthe

timeofbaseline,immediatelyafterVFandfirstdefibrillation,9and15minutes
afterinitiationofexperimentbetweenthe3groups(Table6).

TTTaaabbbllleee666.ArterialBloodGases*

Characteristics 15:1 15:2 30:2 Pvaluea
Baseline,beforeVF
pH 7.50±0.13 7.46±0.18 7.48±0.16 0.861
SO2 97.6±2.9 97.6±2.4 98.4±0.5 0.728
PO2 101.5±18.1 100.7±20.4 99.4±11.4 0.968
PCO2(mmHg) 16.2±8.2 17.0±9.7 14.1±3.9 0.745
HCO3-(mmol/L) 11.8±3.1 11.5±4.1 10.5±2.6 0.693
Hemoglobin(g/dL) 8.6±2.5 8.5±3.3 9.6±4.6 0.812

1min,VF
pH 7.54±0.13 7.52±0.18 7.49±0.11 0.753
SO2 96.3±3.9 97.7±2.1 97.9±0.6 0.406
PO2 82.3±20.1 92.1±15.8 92.3±14.2 0.436
PCO2(mmHg) 13.7±6.8 10.2±3.4 12.1±4.5 0.432
HCO3-(mmol/L) 10.0±2.8 8.7±3.7 7.7±3.5 0.409
Hemoglobin(g/dL) 10.1±2.6 8.2±3.2 10.1±4.2 0.479

5min,atdefibrillation
pH 7.34±0.15 7.31±0.16 7.39±0.13 0.538
SO2 87.3±11.3 82.4±15.9 89.6±7.7 0.506
PO2 63.8±16.3 63.1±27.4 66.8±23.1 0.945
PCO2(mmHg) 15.5±7.8 17.7±9.6 14.7±4.2 0.725
HCO3-(mmol/L) 7.7±3.6 8.6±3.7 8.5±1.5 0.850
Hemoglobin(g/dL) 9.9±10.9 10.9±4.0 10.1±4.3 0.876

9min,duringACLS
pH 7.29±0.20 7.17±0.14 7.25±0.18 0.303
SO2 91.1±9.8 80.1±19.3 88.3±6.9 0.291
PO2 80.7±18.4 65.0±23.0 66.3±14.8 0.256
PCO2(mmHg) 18.1±8.7 25.9±16.6 15.9±2.6 0.218
HCO3-(mmol/L) 7.9±1.6 8.7±3.5 7.0±1.7 0.384
Hemoglobin(g/dL) 10.2±2.1 9.9±3.6 10.5±3.4 0.937

15min
pH 7.25±0.15 7.14±0.13 7.22±0.12 0.261
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*Mean±SD.
aone-WayANOVA.

222...666 CCCooommmpppaaarrriiisssooonnnooofffDDDeeefffiiibbbrrriiillllllaaatttiiiooonnn

Thesuccessrateofdefibrillationwas70% inthe15:1group,and60% inthe
15:2and30:2groupsatthefirstshock.Therewerenosignificantdifferencesin
the success rate ofdefibrillation during the ACLS CPR and hemodynamics
duringthecompressionsbeforedefibrillationbetweenthe3groups(Table7).

TTTaaabbbllleee777.Hemodynamicsduringcompressionsbeforedefibrillation*

Characteristics 15:1 15:2 30:2 Pvaluea
1stdefibrillation (n=10) (n=10) (n=10)
SBP(mmHg) 89.3±28.2 89.0±32.6 86.6±31.3 0.977
DBP(mmHg) 23.0±10.4 25.9±15.3 20.4±6.5 0.560
MBP(mmHg) 45.1±13.2 46.9±20.2 42.3±10.2 0.830
RAP(mmHg) 79.0±35.5 73.5±30.4 81.1±33.1 0.869
CPP(mm Hg) 25.4±15.0 25.3±16.4 20.1±8.6 0.620
CBF(mL/min.) 13.2±14.4 23.0±22.1 33.5±29.4 0.157

2nddefibrillation (n=3) (n=4) (n=4)
SBP(mmHg) 76.0±24.3 84.3±39.5 96.8±13.5 0.634
DBP(mmHg) 22.7±15.0 27.3±26.8 38.8±7.4 0.515
MBP(mmHg) 40.4±18.0 46.3±31.0 58.1±9.2 0.564
RAP(mmHg) 51.7±28.3 72.5±37.1 89.3±11.6 0.264
CPP(mmHg) 18.7±13.8 27.5±33.0 35.8±8.3 0.613
CBF(mL/min.) 5.7±7.2 13.5±8.7 33.3±18.4 0053

3rddefibrillation (n=3) (n=2) (n=2)
SBP(mmHg) 72.7±23.2 82.0±14.1 107.0±39.6 0.441
DBP(mmHg) 17.7±15.5 32.5±20.5 25.0±9.9 0.623
MBP(mmHg) 36.0±18.1 49.0±18.4 52.3±20.0 0.616
RAP(mmHg) 44.3±20.8 64.0±9.9 98.5±38.9 0.170

91.0±8.4 85.9±10.0 85.3±15.6 0.579SO2
79.0±19.4 75.1±23.3 67.0±17.8 0.491PO2
15.9±6.85 19.5±8.5 15.6±5.9 0.511PCO2(mmHg)
6.6±1.0 6.4±2.9 6.1±1.5 0.893HCO3-(mmol/L)
9.1±2.1 8.5±3.0 9.5±3.2 0.801Hemoglobin(g/dL)
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*Mean±SD.
aone-WayANOVA.

Thedefibrillationsuccessratewas75% (18/24)and67% (4/6)intheROSC
group,83.3% (5/6)and0% (0/5)innon-ROSC groupatthefirstandsecond
shocks,respectively.SBPoftheROSC grouptendedtobehigherthanthatof
thenon-ROSC group afterthesecond shock,buttherewereno significant
differenceinhemodynamicsduringthecompressionbeforedefibrillationbetween
thetwogroups(Table8).

CPP(mmHg) 14.7±12.0 31.5±26.2 30.5±16.3 0.533
CBF(mL/min.) 12.0±19.1 6.5±2.1 29.5±17.7 0.408

4thdefibrillation (n=3) (n=2) (n=2)
SBP(mmHg) 72.3±23.7 77.5±19.1 87.5±41.7 0.848
DBP(mmHg) 19.0±15.5 34.0±24.0 18.0±5.7 0.582
MBP(mmHg) 36.8±17.8 48.5±22.4 41.2±17.7 0.806
RAP(mmHg) 47.0±31.4 59.5±3.5 72.5±29.0 0.612
CPP(mmHg) 15.3±12.2 29.5±31.8 20.5±19.1 0.764
CBF(mL/min.) 7.0±6.6 4.0±4.2 18.5±16.3 0.365

5thdefibrillation (n=3) (n=2) (n=2)
SBP(mmHg) 69.3±34.0 78.5±31.8 90.0±18.4 0.769
DBP(mmHg) 16.0±16.1 29.0±25.5 15.0±4.2 0.674
MBP(mmHg) 33.8±45.5 45.5±27.6 40.0±3.3 0.831
RAP(mmHg) 40.3±22.5 55.5±4.9 79.0±7.1 0.142
CPP(mmHg) 14.0±15.4 29.0±29.7 21.5±7.8 0.703
CBF(mL/min.) 6.7±9.8 5.5±3.5 34.0±28.3 0.227

6thdefibrillation (n=2) (n=2) (n=2)
SBP(mmHg) 68.5±43.1 68.0±46.7 98.5±43.1 0.754
DBP(mmHg) 18.5±23.3 29.5±29.0 20.0±5.7 0.866
MBP(mmHg) 35.2±29.9 42.3±34.9 46.2±18.2 0.928
RAP(mmHg) 28.5±7.8 41.5±13.4 83.5±31.8 0.144
CPP(mmHg) 14.5±19.1 26.0±29.7 27.5±20.5 0.842
CBF(mL/min.) 9.0±11.3 4.0±0.0 30.0±28.3 0.407
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TTTaaabbbllleee888...ComparisonofhemodynamicsbetweenROSCandnon-ROSCgroup
duringcompressionbeforedefibrillation*

Characteristics ROSC non-ROSC Pvaluea
1stdefibrillation (n=24) (n=6)
SBP(mmHg) 86.1±25.7 97.2±44.4 0.424
DBP(mmHg) 23.0±9.6 23.7±17.3 0.892
MBP(mmHg) 44.0±13.2 48.2±23.4 0.544
RAP(mmHg) 76.5±30.2 83.5±41.4 0.639
CPP(mmHg) 24.3±12.1 21.0±19.2 0.607
CBF(mL/min.) 26.0±24.8 12.0±14.5 0.197

2nddefibrillation (n=6) (n=5)
SBP(mmHg) 98.5±27.1 72.2±20.0 0.106
DBP(mmHg) 38.7±18.3 20.0±12.5 0.086
MBP(mmHg) 58.6±21.2 37.4±14.7 0.093
RAP(mmHg) 81.2±35.7 63.0±17.9 0.330
CPP(mmHg) 34.7±24.2 20.2±14.6 0.275
CBF(mL/min.) 24.2±20.0 11.8±10.0 0.242

3rddefibrillation (n=2) (n=5)
SBP(mmHg) 117.0±25.5 72.4±14.1 0.026
DBP(mmHg) 33.5±2.1 20.2±15.9 0.315
MBP(mmHg) 61.3±7.1 37.6±15.1 0.096
RAP(mmHg) 73.5±74.2 62.2±8.8 0.709
CPP(mmHg) 34.5±10.6 19.8±17.9 0.340
CBF(mL/min.) 38.0±5.7 6.4±6.7 0.002

4thdefibrillation (n=2) (n=5)
SBP(mmHg) 102.0±21.2 68.6±19.1 0.097
DBP(mmHg) 28.0±8.5 21.0±18.0 0.634
MBP(mmHg) 52.7±1.4 36.9±17.7 0.287
RAP(mmHg) 56.0±52.3 58.6±14.7 0.912
CPP(mmHg) 30.0±5.7 17.2±20.3 0.442
CBF(mL/min.) 22.0±11.3 4.4±3.1 0.015

5thdefibrillation (n=2) (n=5)
SBP(mmHg) 103.5±0.7 67.6±24.2 0.104
DBP(mmHg) 23.0±15.6 18.0±17.1 0.736
MBP(mmHg) 49.8±10.6 34.5±19.1 0.349
RAP(mmHg) 54.0±42.4 56.4±16.4 0.909
CPP(mmHg) 29.0±2.8 17.0±19.2 0.443
CBF(mL/min.) 36.0±25.5 5.4±5.6 0.032

6thdefibrillation (n=2) (n=4)
SBP(mmHg) 114.0±21.2 60.5±30.8 0.098
DBP(mmHg) 29.5±7.8 19.3±21.3 0.564
MBP(mmHg) 57.7±1.9 33.0±24.2 0.246
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*Mean±SD.
aone-WayANOVA.

RAP(mmHg) 64.5±58.7 44.5±13.9 0.507
CPP(mmHg) 35.0±9.9 16.5±20.9 0.319
CBF(mL/min.) 33.5±23.3 4.8±3.8 0.052
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IIIVVV...DDDiiissscccuuussssssiiiooonnn
ThisinvestigationcomparedtheeffectofdifferentC:V ratiosof15:1,15:2,

and30:2inacaninemodelofawitnessedVF cardiacarrestwithasimulated
scenario.Weformulated a scenario ofresuscitation with BLS and an AED
shockperformedbyabystanderfollowedbyfullsupportofACLSbyhealthcare
providers.The scenario comprised of one minute of no－CPR period for
checkingtheresponseofthevictim andactivatingtheEMSsystem,4minutes
of BLS CPR and the first defibrillation shock with an AED mimicking
immediateresponseofabystander,and10minutesofACLS CPR mimicking
treatment by healthcare providers.This scenario for experimentalprotocol
representedatypicalemergencymedicalresponseincludingtheearlyBLSCPR
anddefibrillationwithin5minutesbybystander,andACLSCPR byhealthcare
providers.Thestudyresultsrevealednodifferencesinhemodynamics,arterial
bloodgasprofiles,andresuscitationoutcomewiththisscenarioofresuscitation
betweenthe15:1,15:2,and30:2C:V ratiogroups.
Survivalfrom prehospitalcardiacarrestiscriticallydependentuponresponse
time.12) The three-phase CPR model, which reflects the time-sensitive
progression of resuscitation physiology,includes electrical,circulatory and
metabolicphases.13) Early defibrillation isthemostimportanttherapy in the
electricalphase,whichextendsfrom thetimeofcardiacarresttoapproximately
4minutesfollowingthearrest.EarlyCPRfollowedbydefibrillationisthemost
cruciallifesaving therapy in the circulatory phase,which extends from 4
minutestoapproximately10minutesaftercardiacarrest.Duringthemetabolic
phase(after10minutesofcardiacarrest),theeffectivenessofbothimmediate
defibrillationandCPR followedbydefibrillationdecreasesrapidlyandsurvival
rates appearpoor.Data from animalexperiments supportthe conceptofa
circulatory phase, in which chest compression takes priority over
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defibrillation.14-19)Yakaitisetal20)showedthatimmediatedefibrillationwasonly
optimalwhenperformedwithin3minutesorless.Inclinicalstudies,Cobbet
al21)showedthatimmediatedefibrillationwassuperiortoproviding90secof
CPR within the first3 minutes following cardiac arrest,butthatafter3
minutes,providing 90 sec ofCPR followed by defibrillation was superior.
However,immediatedefibrillationwithin4to5minutesisrarelyperform inreal
resuscitationsituationsbecauseanAED isnotimmediatelyavailableatmost
out-of-hospitalcardiac arrests.Even ifan AED is present,the clinically
relevanttime intervals werea mean of3.5 minutes from collapseto AED
attachment,andafurther0.9minutestothedeliveryofthefirstdefibrillation
shock.22) Therefore,an experimentalprotocolforawitnessed,out-of-hospital,
cardiacarrestismorerealisticandrelevanttotherealclinicalsituation.
Inthisstudy,thecompressionsdeliveredover1minuteweregreaterinthe
30:2and15:1groupsthaninthe15:2group,andpausesforventilationover1
minutewerereducedinthe30:2and15:1groups.Themeanventilationduration
over1minutewasgreaterinthe15:2groupthaninthe30:2or15:1groups
duringBLS CPR.Interruptingchestcompressionforventilationpercyclewas
lessthan5secinthe15:1groupbutmorethan5secinthe15:2and30:2
groups.Interruptionofchestcompressionofmorethan5secmightreducethe
probabilityofresuscitation.23)AmongthethreeC:V ratiosinthisstudy,only
15:1providedincreasedcompressiondelivery,fewerpausesforventilation,and
lessinterruptionofchestcompressionmorethan5sec.Wethereforeproposea
C:V ratioof15:1forBLSCPR.
TheAmericanHeartAssociationGuidelinesrecommendthatrescuersspend4

~5secfortheintervalfor2rescuebreaths.However,ithasbeenreportedthat
theaveragerescuerinout-of-hospitalresuscitationdeliverstwobreathsover
14-16 sec,potentially furtherdeteriorating the hemodynamics.3) Rescuers are
unwillingtoperform mouth-to-mouthventilationduetoconcernsofcontracting
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infectiousdiseases,24,25)whichhasleadtoconcernabouttheoptimum C:V ratio
during CPR.Mathematicalanalysisdeterminedanoptimum C:V ratioofnear
30:2forstandardperformanceand60:2foractuallayrescuerperformanceinthe
field.3)Basedontheoreticalanalysis,BabbsandKern8)proposedthataratioof
30:2 would beidealwith interruption in chestcompressionsof2.5 secper
breath.Dorphetal26)showedthataratioofnear30:2mightbeoptimalfor
standardCPR inastudyofthreedifferentC:V ratios.Changingtheratiofrom
15:2to30:2increasedcardiacoutputby30% anddoubledcommoncarotidartery
bloodflow inananimalstudy.10)Thisfindingwasduetoincreasedcompression
andfewerinterruptionsforventilations.
Ourinvestigation showed thatarterialblood gasprofiles,including oxygen

saturation,PO2,and PCO2,were notsignificantly differentbetween the 3
groupsduringBLS andACLS.ThisfindingsuggeststhatCPR canmaintain
adequatearterialoxygenation with any C:V ratio among 15:1,15:2,or30:2.
Hypoxia and hypercarbia are importantmediators ofpoorVF outcome.27,28)

Therefore, preventing hypoxia, hypercarbia and maintainingblood flow is
significantforROSC.Basedonsimulationstudy,Turneretal7)suggestedthat
anoptimalC:V ratioof20:1intermsofbloodflow,oxygendeliveryandcarbon
dioxide clearance over a range of clinical settings and inspired oxygen
concentrations.Dorphetal26)showedthataC:V ratioof15:2withidealbasic
CPR hadabetterpulmonarygasexchangeandcerebraloxygendeliverythan
higherC:V ratios,including50:5or50:2.
OurstudydidnotincludeagroupofcontinuouschestcompressionCPR (no
ventilation group).Oxygen delivery depends both on blood flow,which is
generated by compressions,and its oxygen content,which is increased by
ventilation during CPR.Ithasbeen demonstrated thatmaximalblood flow
generatedbycontinuouschestcompressionsisoffsetbyongoinghypoxiaafter
morethanafew minutesofCPR.13,29)
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Ourstudy sufferedsomelimitations.First,pausesforventilation werenot
identicaltothosein arealresuscitation situation,although ourexperimental
scenariodidsimulateawitnessedcardiacarrestwithbystanderCPR.Therefore,
thedatafrom ourstudycannotbeextrapolatedtolaypersonCPR.Secondly,our
scenariosimulatedanidealresponsetothevictim without-of-hospitalcardiac
arrestwitnessedbybystanders.Notallemergencymedicalsystemsexperience
thiskindofemergencyresponsetovictimswithout-of-hospitalcardiacarrest.
Notallbystanderscanperform CPR ordefibrillatethevictim withanAED.
Therefore,ourstudyresultsarelimitedtothesituationwhenabystanderis
familiarwith CPR,AED isavailableandtheemergency medicalresponseis
adequate.
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VVV...CCCooonnncccllluuusssiiiooonnn
InananimalmodelofwitnessedVF usingasimulatedscenario,CPR with

three C:V ratios,15:1,15:2,and 30:2 did not show any differences in
hemodynamics,ROSC rate and short-term survivalrate among the three
groups.CPR withaC:V ratioof15:1providedincreasedcompressiondelivery,
fewerpausesforventilation,andlessinterruptionofchestcompressionmore
than5sec.
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목격된 심실세동에 의한 동물 심정지 모델에서
15:1,15:2,30:2의 흉부 압박 -인공 호흡 비에

의한 심폐소생술 효과 비교

연연연세세세대대대학학학교교교 대대대학학학원원원
의의의학학학과과과
김김김선선선휴휴휴

배배배경경경 및및및 목목목적적적 :2005년 개정된 미국 심장 협회 심폐소생술 지침서에 따르면

흉부 압박 대 인공 호흡 비율을 30:2로 정하고 있다.이러한 30:2의 비율은 확실
한 과학적 근거 보다는 전문가에 의한 합의하에 개정되었기에 이에 대한 추가적인
과학적 근거가 필요한 실정이다.본 연구의 목적은 목격자가 있는 심실세동에 의한
심정지 조건에서,기존의 15:2와 개정된 30:2,추가적으로 30:2와 흉부 압박 대 인공
호흡 비율이 같은 15:1의 흉부 압박 대 인공 호흡 비율이 다른 세 군 간의 혈역동
학적 지수,생존률에 대해서 비교해보고자 하였다.
대대대상상상 및및및 방방방법법법 :종에 관계 없이 건강한 30마리의 개(19±2.6kg)를 실험동

물로 사용하였다.마취후 기도 삽관을 하고 인공 호흡을 시행하였고 대동맥과 우심
방에 도자를 삽입하여 대동맥압과 우심방압을 측정하였다.우측 경동맥을 노출하여
뇌혈류량계를 장치하였고,우심실에 인공 심박조율기를 삽입하여 직류 전원에 의한
심실 세동을 유도하였다.각 실험군에 대해 혈압,우심방압,경동맥 뇌혈류량,관상
동맥 관류압,호기말 이산화탄소분압 등의 혈역학적 지수를 측정하였고 동맥혈 가
스 검사를 시행하였다.심실 세동 유발후 1분간 방치하였고 이후에 무작위로 세 군
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(15:1,15:2,30:2)으로 나누어 흉부 압박과 인공 호흡으로만 구성된 기본 심폐소생
술을 4분간 시행하였다.4분후 심전도를 확인하여 심실세동이 지속되고 있으면 자
동제세동기에 의한 제세동을 1회 시행하였고,이후 심실세동이 지속되고 있으면 약
물 투여를 포함하는 전문 심장 구조술에 의한 심폐소생술을 10분간 진행하였고 중
간에 매 2분 마다 심전도를 확인하여 제세동 여부를 결정하였다.자발 순환이 회복
되면 그 시점부터 하여 2시간 생존률을 측정하였다.
결결결과과과 :15:1과 30:2군에서 1분간 시행된 흉부 압박 횟수가 15:2군보다 많았고

(73.1±8.1and69.0±6.9to56.3±6.8;p=0.000),인공 호흡을 위해 흉부 압박 시행이
중단 되었던 시간이 15:1과 30:2군에서 15:2군보다 짧았다(15.4±3.9,17.1±2.7vs
25.2±2.6secs/min;p=0.000).기본 심폐 소생술과 전문 심장 구조술을 진행하는 동
안의 혈역학적 지수,산-염기 상태는 세 군간에 큰 차이는 없었다.각 군 모두 8마
리(80%)에서 기본 심폐소생술과 전문 심장구조술을 진행하는 동안 자발 순환이 회
복되었고,2시간 생존률은 세 군간에 차이는 없었다.자발 순환이 회복되기까지 평
균 소요 시간은 15:1군에서 짧았고,자발 순환 회복후 평균 생존 시간은 30:2군에
서 길었지만 세 군간에 유의한 차이는 없었다.
결결결론론론 :목격된 심실세동에 의한 심정지시 15:1,15:2,30:2의 흉부 압박 대 인공

호흡 비율로 심폐 소생술을 시행하였을 때 세 군간에 혈역학적 지수,자발 순환 회
복,생존률에 있어 큰 차이는 없었다.기본인명구조술상의 심폐소생술 시행에서 1분
간 시행된 흉부압박 횟수는 15:1,30:2군에서 15:2군보다 많았다.

KKKeeeyyyWWWooorrrdddsss:cardiopulmonary resuscitation,compression-ventilation ratio,
hemodynamics,ROSC,survival
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