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End Tidal CO, E1co)

Measures partial pressure of
Carbon Dioxide expelled from
the endotracheal tube

Correlates well with the
pulmonary blood flow, cardiac
output, and coronary perfusion
pressure generated during CPR

Prognostic

= After 20 minutes of ACLS,
ROSC average of 32 mmHg

= AHA recommendation to
improve CPR quality if
below 10mmHg
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Presenter
Presentation Notes
AHA recommends the monitoring of CPR quality utilizing ETCO2.  It is a non-invasive, practical method that measures carbon dioxide being expelled from the ET tube.  It correlates well with pulmonary blood flow, cardiac output, and CPP.
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Monitoring

e Minute ventilation
® Notoriously elevated and impossible to get a
constant tidal volume
e Epinephrine
e ETCO, decreased as much as 51%
(Lindberg L et al. 2000 Jan; 43(2):129-40)

e Bicarbonate
® Acute increase of 6.6 mmHg

(Okamoto H et al. 1995 Jan 39(1): 79-84)
Need to be intubated

Port is easily clogged



Presenter
Presentation Notes
“Due to increased bagging and inability to standardize a tidal volume during respirations, ventilatory rates are inconsistent during cardiac arrest.  Providing more or less oxygen to the system is going to alter the end product of CO2.  Most authors have noticed a decrease in end-tidal CO2 concentration after administration of epinephrine, concomitant with an increase in coronary perfusion pressure and an increased incidence of return of spontaneous circulation.  In swine, there was a significant increase in CPP while showing a concomitant decreased in ETCO2.  In dogs, administration of sodium bicarbonate shows an acute increase in ETCO2 that is less than seen with ROSC, but still significant.  The interventions and the unpredictable can give us false readings in the system we are using to monitor CPR quality.” 

1) Crit Care Med. 1994 Nov;22(11):1827-34.  Effect of ventilation on acid-base balance and oxygenation in low blood-flow states.�Idris AH, Staples ED, O'Brien DJ, Melker RJ, Rush WJ, Del Duca KD, Falk JL.  Source Department of Surgery, University of Florida College of Medicine, Gainesville 32610-0392.
2) Resuscitation. 2000 Jan;43(2):129-40. The effects of epinephrine/ norepinephrine on end-tidal carbon dioxide concentration, coronary perfusion pressure and pulmonary arterial blood flow during cardiopulmonary resuscitation.Lindberg L, Liao Q, Steen S. Department of Anesthesiology and Intensive Care, University Hospital, Lund, Sweden. larsolavlindberg@hotmail.com
3) Acta Anaesthesiol Scand. 1995 Jan;39(1):79-84.Changes in end-tidal carbon dioxide tension following sodium bicarbonate administration: correlation with cardiac output and haemoglobin concentration. Okamoto H, Hoka S, Kawasaki T, Okuyama T, Takahashi S. Source Department of Anaesthesiology and Critical Care Medicine, Faculty of Medicine, Kyushu University, Fukuoka, Japan.
Ann Emerg Med. 1992 Sep;21(9):1131-4.Correlation of end-tidal CO2 to cerebral perfusion during CPR. Lewis LM, Stothert J, Standeven J, Chandel B, Kurtz M, Fortney J. Emergency Medicine Division, St Louis University Medical Center, Missouri.
Am J Emerg Med. 1985 Mar;3(2):147-9. Expired PCO2 as an index of coronary perfusion pressure.
Sanders AB, Atlas M, Ewy GA, Kern KB, Bragg S.
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Presenter
Presentation Notes
Cerebral Oximetry (CereOx) utilizes near infrared spectroscopy to non-invasively measure rSO2 of the frontal lobes of the brain.  Provides insight into cellular exygen extraction due to a majority of its readings being from the venus end.  It is much like central venus oxygen saturation.  CereOx is not pulse dependent.  And correlates with gold standard.
CereOx has been correlated with cerebral blood flow and jugular vein bulb saturations. Has three components.  Light source produces NIR light of known wavelength and intensity which passes through cerebral tissue.  The light detector measures intensity of light exiting the cerebral tissue after some is scattered, absorbed, and reflected.  The computer converts the intensity of light exiting the cerebral tissue into the oxygen saturation. One, it has both a shallow and a deep detector that allows it to measure 02 saturation in the forebrain.  
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Current Utility of CereOx

® (Clinical studies have shown that
desaturations as little as 20% of
baseline are associated with
neurologic complications,
reduced performance on the
mini-mental status exam and
stroke and prolonged length of
stay. 34

® range of normal values (50-80%),
as with ScvO2
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Presenter
Presentation Notes
“Current CereOx is utilized in a wide variety of situations.  It is best implemented as a trend monitor with an established baseline from the patient.”  It is limited by the depth and area of the brain it measures oxygen levels in, not being able to measure intracellular oxygen, and the wide range of normal values that patients can have.” ScvO2, is central venous oxygen saturation.


Objective

® The objective of this prospective
observational study is to compare the
simultaneous measurement of ETCO, and
CereOx to investigate which monitoring
method provides the best measure of CPR
quality as defined by ROSC.



®* Non-traumatic OOHCA of a presumed
cardiac etiology

® Age >18

® Resuscitation attempted by the ED
physicians



 Demographics by Utstein Criteria

 Data was analyzed by wunivariate logistic regression
followed by receiver operating characteristic (ROC) curve

analysis on models fit based on derived variables

* Models were evaluated using the ROC area under the
curve (AUC) (c-statistic) and Bayesian Information

Criterion (BIC)



Presenter
Presentation Notes
We performed a prospective cohort study on a convenience sample of out-of-hospital and ED cardiac arrest from two large EDs.  Patients were monitored simultaneously by ETCO2 and CereOx during CPR.  Patient demographics and arrest data was collected utilizing the Utstein criteria.  They were monitored through during the resuscitation efforts.


Variable
Number of subjects
Mean age
Witnessed
Immediate CPR

Average time of call to ED

Initial Rhythm

65+ 15
79 (66.9%)
69 (68.5%)
25.6 £14.5
Asystole = 49 (41.5%)

PEA = 48 (40.7%)
VF/VT =21 (17.8%)

34 (28.8%)


Presenter
Presentation Notes
Tom so nobody had ROSC in < 30 for cere ox? So 25% of patients had cere ox > 30 but no ROSC,  
I think you should replace these with the 2 x 2 tables so the audience can figure it out.


Variable CerOx

p-value
[nitial <(.017
Value
Trend <().000
Last 5 min
Trend <().001
Whole code
Last Value <().000

ETCO,
p-value

<().919

<().610

<(0.344

<().053

Series of binary logistic regression models were run in which various derivations of

ETCOZ2 and CerOx were simultaneously entered into the model to predict ROSC.
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Analysis

Both CerOx and ETCO, proved to be significant
predictors of ROSC for the following variables;

® ]ast value recorded during resuscitation
¢ [CerOx p<0.000, ETCO, p<0.009],

® the change from first value recorded to last
value recorded [CerOx p<0.000, ETCO, p<0.000



Predictors of futility '

For a Value of 15 on either the ETCO2 or Cerebral Oximetry

® ROC curve analysis was used to determine the best
discriminating variable in predicting No ROSC

e AUC for the last value obtained:
o CerOx AUC=.856, ETCO, AUC=.761

* AUC for the max value obtained during the resuscitation
® CerOx, AUC=.802, ETCO, AUC=.630

All subjects who failed to obtain a max ETCO, value of 15 had
LOR, while 5 with CerOX of 15 had ROSC.



=== ETCO2 mmHg

== Cere-Ox Units
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Presentation Notes
50 year old male arrested while being placed into the EMS rig.  He had a down time of 7 minutes prior to ED arrival.  From start time in the ED until first pulse was 15 minutes.  During this time the patient vomited in his ET tube and obstructed the readings of ETCO2.  Data shows a clear rise in CereOx values as CPR is continued.  Patient regains pulse half way throughout the first increase in values.  Values go on to rise, level off for a short period of time, then slowly decline until a pulse is lost again just prior to the patient bottoming out on the CereOx (15%).  As CPR is resumed the numbers slowly rise and show a strong spike as a pulse is found just before the values peak at 50 %.  During the second a third trend one can follow the ETCO2 numbers as well.  This goes on to happen once more until the patient develops a true ROSC and proceeds to survive for 48 hours.  This data clearly indicates CereOx can perform as not only a predictor of quality CPR, but also a predicator of a possible problem in the patient’s hemodynamics. 


CereOx and Pulse Checks

——ETCO2 mmHg
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Presenter
Presentation Notes
This is a 76 year old male who was down 17 minutes prior to ED arrival.  Throughout the patient’s care the team stopped and started compressions 5 times due to what they believed was a pulse.  A BP was never captured and this patient did not ever obtain ROSC.  This points to an interesting aspect for the need of some type of monitoring system to eliminate the unreliable nature of pulse checks.  ETCO2 values are variable throughout this code with some peaks and troughs; however, CereOx values never move from their bottom out state.


Potential Impact

® Define the true value of ETCO2 in predicting ROSC:

® has not been well studied in a large multi-center
clinical trial

® Define the utility of Cerebral oximetry to:
® Determine futility
® Determine quality of CPR
® Determine those with high likelihood of ROSC
® (Could eliminate pulse checks
® Drive therapies after ROSC
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