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Abstract

Objective: The objective of this study was to evaluate initial end-tidal CO, (EtCO,) as a
predictor of survival in out-of-hospital cardiac arrest.

Methods: This was a retrospective study of all adult, non-traumatic, out-of-hospital, cardiac
arrests during 2006 and 2007 in Los Angeles, California. The primary outcome variable
was attaining return of spontaneous circulation (ROSC) in the field. All demographic
information was reviewed and logistic regression analysis was performed to determine
which variables of the cardiac arrest were significantly associated with ROSC.

Results: There were 3,121 cardiac arrests included in the study, of which 1,689 (54.4%)
were witnessed, and 516 (16.9%) were primary ventricular fibrillation (VF). The mean
initial EtCO, was 18.7 (95%CI = 18.2-19.3) for all patients. Return of spontaneous cir-
culation was achieved in 695 patients (22.4%) for which the mean initial EtCO, was 27.6
(95%CI =26.3-29.0). For patients who failed to achieve ROSC, the mean EtCO, was 16.0
(95%CI = 15.5-16.5). The following variables were significantly associated with achieving
ROSC: witnessed arrest (OR = 1.51; 95%CI = 1.07-2.12); initial EtCO, >10 (OR =4.79;
95%CI = 3.10-4.42 ); and EtCO, dropping <25% during the resuscitation (OR = 2.82;
95%CI = 2.01-3.97).

The combination of male gender, lack of bystander cardiopulmonary resuscitation,

unwitnessed collapse, non-vfib arrest, initial EtCO, <10 and EtCO, falling > 25% was
97% predictive of failure to achieve ROSC.
Conclusions: An initial EtCO, >10 and the absence of a falling EtCO, >25% from base-
line were significantly associated with achieving ROSC in out-of-hospital cardiac arrest.
These additional variables should be incorporated in termination of resuscitation algo-
rithms in the prehospital setting.

Eckstein M, Hatch L, Malleck J, McClung C, Henderson SO: End-Tidal CO, as
a Predictor of Survival in Out-of-Hospital Cardiac Arrest. Prebosp Disaster Med
2011;26(3):148-150.

Introduction
Several studies of patients experiencing out-of-hospital cardiac arrest suggest that
there are variables that are highly predictive of achieving return of spontaneous
circulation (ROSC) in the field, namely ventricular fibrillation as the presenting
rhythm, bystander cardiopulmonary resuscitation (CPR), witnessed arrest, and time
to first defibrillation.! End-tidal CO, (EtCO,) has been suggested as a further pre-
dictor of cardiac arrest outcome for more than a decade, but only recently has become
used widely in the field by emergency medical services (EMS) personnel or in the
emergency department.2~

EtCO, reflects the efficiency of CPR, and correlates well with cardiac output. It is
easy to perform, non-invasive, and allows for a rapid assessment that provides valuable
information in regard to survival with advanced cardiac live support (ACLS) interven-
tions. The first reference to the utility of EtCO, as both an aid to CPR as well as a prog-
nostic aid was made almost a half-century ago in Germany.® Since then, the technology
associated with monitoring EtCO, has improved to the point where this information
is available on patients receiving resuscitation regardless of where the event occurs.6~8
This paper describes using EtCO, as a predictor of survival in a large series of out-of-
hospital cardiac arrest patients.
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Odds
N (%) or " .
Mean (95% CI:) ROSC Ratio P-value 95% Cl:
Gender Age 1.00 0962 | 0.99,1.00
Male 1853 (59.4)
Male Gender 0.58 <0.001 0.41, 0.81
Female 1268 (40.6)
Age 67.4 (66.3, 68.6) Witnessed Arrest 1.51 0.017 1.07,2.12
Witnessed 1689 (54.4)
Bystander CPR 0.97 0.885 0.68, 1.39
Primary Ventricular Fibrillation 516 (16.9)
Primary Ventricular
Bystander CPR 857 (31.2) Fibriliation 148 0.053 | 1.00,2.21
ROSC 695 (22.4) EtCO, >10 479 <0001 | 3.10,4.42
EtCO, (All cases) 18.7 (18.2, 19.3)
E‘tﬁo22d£f,’/p less 2.82 <0.001 2.01,3.97
EtCO, (Survivor) 27.6 (26.3, 29.0) an o7
EtCO,, (Non-survivor) 16 (15.5, 16.5) A‘g‘e’ﬁ";)?itl'; E)’r“ema' 0.92 0693 | 062, 1.38

Automatic External Defibrillator 596 (19.2)

Eckstein © 2011 Prehospital and Disaster Medicine

Table 1—Demographic information 2006—2007 (n = 3,121)

Methods

This was a retrospective study of all adult (>18 years of age),
non-traumatic, out-of-hospital cardiac arrest patients in the
city of Los Angeles, California (USA), from 01 January 2006
through31December2007. Onlypatientsonwhomresuscitative
efforts were initiated by paramedics were included. Emergency
medical services in Los Angeles are provided by the Los
Angeles Fire Department, a tiered EMS system staffed by
Emergency Medical Technician-Defibrillation firefighters
and firefighter paramedics.9

Paramedics intubate adult cardiac arrest patients as per
advanced cardiac life support guidelines. All patients are orally
intubated after the provision of two minutes of CPR and one
defibrillation (if indicated). Digital, waveform capnography
is captured via the endotracheal tube as soon as the tube is
secured, using the LifePak 12 (Medtronics Corp, Redmond,
WA). Carbon dioxide is measured using a sidestream configura-
tion that is located within the cardiac monitor (Oridion, Inc,
Needham, MA).

All out-of-hospital cardiac arrest cases were reviewed after
hand-written records were captured in an electronic database
(Microsoft Access, Microsoft, Inc., Redmond, Washington). All
patient identifiers were removed. The primary outcome variable
was ROSC from the primary cardiac arrest. Approval to conduct
this study was granted by the Institutional Review Board of the
University of Southern California.

For the purposes of this study, the following variables were
collected for analysis: gender, witnessed vs. unwitnessed arrest,
initial EtCO,, final EtCO,, documented primary ventricu-
lar fibrillation (VF) (or pulseless ventricular tachycardia), use
of automatic external defibrillator and presence or absence of

bystander CPR.

Eckstein © 2011 Prehospital and Disaster Medicine
Table 2—Multivariate logistic regression analysis of return
of spontaneous circulation (ROSC)

Statistical analysis was performed using STATA 10.0 soft-
ware (College Station, TX). Initial EtCO, <10 was chosen
a priori; and relative fall >25% from the initial value to final
value upon termination of resuscitation or arrival at the emer-
gency department was chosen a priori as independent vari-
ables. There was no specific recruitment goal, since this study
is establishing the frequency of ETCO, values <10 and per-
cent change during the course of prehospital care. The records
were reviewed and EtCO, analyzed at initial and final values,
and therefore, the specific rate of change was not analyzed.
Multivariate logistic regression analysis was performed in
order to determine if EtCO, is a significant predictor of return
of spontaneous circulation. Analysis of variance (ANOVA)
was used for comparison of means. The Hosmer-Lemeshow
statistic was determined to estimate the goodness of fit for the
multivariate model.

Results

There were 3,121 patients included in the study, of which,
1,689 (54%) were witnessed arrests and 516 (17%) were primary
VF. The mean initial EtCO, was 18.7 (95%CI = 18.2-19.3) for
all patients. Return of spontaneous circulation was achieved
in 695 (22.4%) of patients, for whom the mean initial EtCO,
was 27.6 (95%CI = 26.3-29.0). For those patients who failed
to achieve ROSC, the mean initial EtCO, was 16.0 (95%CI =
15.5-16.5). (Table 1).

The following variables were significantly associated with
ROSC: witnessed arrest (OR =1.51; 95%CI = 1.07-2.12); initial
EtCO,>10 (OR =4.79; 95%CI = 3.10-4.42); and EtCO, falling
<25% of baseline (OR = 2.82; 95%CI = 2.01-3.97) (Table 2).

The combination of male gender, lack of bystander CPR,
unwitnessed collapse, non-vfib arrest, initial EtCO, <10
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and EtCO, falling >25% was 97% predictive of failure to
achieve ROSC.

Discussion

There is evidence that suggests that EtCO, can be used to deter-
mine when resuscitative efforts should be discontinued.10-12
Our study was one of the largest to-date that compared EtCO,
data with other known variables that have been associated with
survival of out-of-hospital cardiac arrest victims studies, such as
age, gender, witness present, bystander CPR, and primary VF.

A model was used to predict survival using dichoto-
mous (CO, >10 or < 10) EtCO, values. The cut-off value of
10 mm Hg was chosen because previous clinical studies reported
a correlation with ROSC above and below these values.}>15 In
this study cohort, individuals with an EtCO, >10mmHg were
four times more likely to survive relative to those patients with
EtCO, <10mmHg. These factors had the highest correlation
with ROSC relative to the other variables also analyzed in this
study: age, gender, witnessed, bystander CPR, primary VF,
or automatic external defibrillator (AED). This is consistent
with the findings of Cantineu ez a/., who reported that a max-
imal EtCO, >10 during the first 20 minutes of resuscitation
after intubation had a sensitivity of 100% in predicting ROSC.#
Given this previous report, and the data from this study, it
appears that an initial EtCO, of <10 mm Hg is the strongest
predictor of mortality in the setting of cardiac arrest. Even so, it
was not possible to create a model that was 100% predictive of
mortality in the current population.

Death, as represented by lack of ROSC, was predicted in 97%
of patients if they were male, no bystander was present to per-
form CPR, the collapse was unwitnessed, and the patient was
not in primary VF, if EtCO, was <10 or if EtCO, fell >25%

from baseline, and if no AED was used. However, since 3% of
patients who had all of these variables present achieved ROSC,
this data alone does not justify terminating resuscitative efforts.

The value of the change in EtCO, during resuscitation also
was examined. Although the number of subjects was smaller,
there was a significant difference between survivors and
non-survivors, even when correcting for the initial EtCO
value. Patients who survived demonstrated the smallest
decreases in EtCO, during their resuscitative events when
compared to those who did not survive. It has been suggested
that this lack of change in ETCO?2 for eventual survivors may
be an earlier indicator of returned cardiac function, preceding
a palpable pulse.16

Limitations

As our study was retrospective, it suffers from the same limita-
tions as any retrospective study, including inaccuracy of data. In
addition, hand-written data records were used, since electronic
downloads were not available at the time. Not all patients had
EtCO, values recorded. Finally, ROSC was used as the primary
outcome variable, which is only a surrogate marker of survival.
Final hospital outcome data on patients who achieved ROSC in
the field are not available.

Conclusions

An initial EtCO, >10 is associated with an almost five-fold
higher rate of ROSC in out-of-hospital cardiac arrest. In addi-
tion, a decrease in the EtCO, during resuscitative events of
>25% was associated with a significant increase in mortality,
independent of other variables known to effect outcome. EtCO,
values should be included as important variables in protocols to
terminate or continue resuscitation in the prehospital setting.

References

1. Sasson C, Rogers MA, Dahl J, Kellermann AL: Predictors of survival from out-
of-hospital cardiac arrest: a systematic review and meta-analysis. Circul Cardiovasc
Qual Outcomes 2010;:63-81.

2. Grmec S, Krizmaric M, Mally S, Kozelj A, Spindler M, Lesnik B: Utstein style
analysis of out-of-hospital cardiac arrest-bystander CPR and end expired carbon
dioxide. Resuscitation 2007;72:404—414.

3. Grmec S, Lah K, Tusek-Bunc K: Difference in end-tidal CO, between asphyxia
cardiac arrest and ventricular fibrillation/pulseless ventricular tachycardia cardiac
arrest in the prehospital setting. Criz Car 2003;7:R140-R144.

4. Mauer D, Schneider T, Elich D, Dick W: Carbon dioxide levels during pre-
hospital active compression-decompression versus standard cardiopulmonary
resuscitation. Resuscitation 1998;39:67-74.

5. CantineauJP, LambertY, Merckx P, Reynaud P, Porte F, Bertrand C, Duvaldestin P:
End-tidal carbon dioxide during cardiopulmonary resuscitation in humans
presenting mostly with asystole: A predictor of outcome. Crit Care Med
1996;25:791-796.

6. Koetter KP, Maleck GH: End-tidal carbon dioxide monitoring in cardiac arrest.
Am J Emerg Med 1998;5:88.

7. Entholzner EK, Mielke LL, Breinbauer BM, Kling M, Hargasser SR, Hipp RFJ,
Kochis E: End-tidal carbon dioxide during preclinical CPR: Correlation with
primary outcome. Am | Emerg Med 1996; 14:109.

8. Salen P, O’Connor R, Sierzenski P, Passarello B, Pancu D, Melanson S, Arcona S,
Reed ], Heller M: Can cardiac sonography and capnography be used Independently
and in Combination to Predict Resuscitation Outcomes? Acad Emerg Med
2001;8:610-615.

9. Eckstein M, Stratton SJ, Chan LS: Cardiac arrest resuscitation evaluation in
Los Angeles: CARE-LA. Ann Emerg Med 2005;45:504-509.

10. Asplin, BR, White RD: Prognostic value of end-tidal carbon dioxide pressures
during out-of-hospital cardiac arrest. Ann Emerg Med 1995; 25:756-761.

11. Falk JL, Rackow EC, Weil MH: End-tidal carbon dioxide concentration during
cardiopulmonary resuscitation. N Engl ] Med 1988;318:607-611.

12. Levine RL, Wayne MA, Miller CC: End tidal carbon dioxide and outcome of
out-of-hospital cardiac arrest. N Engl ] Med 1997;337:301-306.

13. Sanders AB, Kern KB, Otto CW, Milander MM, Ewy GA: End-tidal carbon
dioxide monitoring during cardiopulmonary resuscitation: A prognostic indicator
for survival. JAMA 1989;262:1347-1351.

14. Capnography as a Predictor of the Return of Spontaneous Circulation. Available at
www.emsresponder.com. Accessed 24 August 2009.

15. Levine RL, Wayne MA, Miller CC: End-tidal carbon dioxide and outcome of
out-of-hospital cardiac arrest. N Engl ] Med 1997;337:301-307.

16. Sehra R, Underwood K, Checchia P. End Tidal CO, Is a Quantitative Measure of
Cardiac Arrest. Pacing and Clinical Electrophysiology 2003;26:515-517.

Prehospital and Disaster Medicine

https://doi.org/10.1017/51049023X11006376 Published online by Cambridge University Press

Vol. 26, No. 3


http://www.emsresponder.com
https://doi.org/10.1017/S1049023X11006376


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


