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Introduction
CO2 is the product of the aerobic cellular metabolism. It is transported by the venous blood to the heart and eliminated by the lungs. 
The exhaled CO2 reflects indirectly the cellular metabolism, the circulation and the ventilation. 5 to 10% of the CO2 is eliminated by the 
respiratory system while the remaining part is treated by the liver and kidneys. The continuous measurement of CO2 reflects the con-
centration found in the lungs throughout a ventilatory cycle. 

The end-tidal CO2 reflects the CO2 concentration in the alveoli that are emptied last. Normal values are in the order of 5% or 35-
37mmHg. A variable gradient exists between the EtCO2 and the PaCO2 value depending on the subjects being in a stable state or not, 
depending on the alveolar dead space which is also somewhat different depending on the literature source 3,5. Knowing this, the meas-
urement of EtCO2 allows for the evaluation of the PaCO2 of patients with healthy lungs.

For some years, transcutaneous capnography has also been used to monitor patients with non-invasive ventilation (NIV) at home and 
can possibly become a standard procedure. Nevertheless this technique is rather costly and sometimes one encounters technical 
problems that are encountered making it difficult to apply it correctly.

The only fully reliable technique would be the continuous measurement of PaCO2, but this is not available to be used in the hospital, and 
even less at home.

So without having the possibility to measure PaCO2 continuously overnight or during the set-up of ventilation, there are two techniques 
left at our disposition, PtCO2 and EtCO2.

But, which one should be chosen? To answer this, we have compered compared the three techniques.

Aim of the work
The aim of this work is to compare, in a set of patients with invasive ventilation, the reliability of the EtCO2 or PtCO2 measurements 
against the reference method of PaCO2 measurement by ABG over a period of 8 hours with a continuous usage of the first two 
techniques. 

Methodology
We reviewed data of  tracheostomised patients admitted at the Hospital San Salvadour and ventilated with a Vivo 50 (Breas, Sweden). 
All patients ventilated by any other ventilator or not chronically stable (acute pneumopathy, respiratory distress, …) are excluded.

Each patient is equipped with an IRMA CO2 sensor (Masimo Sweden AB, Sweden), connected to the Vivo 50 without the need for cali-
bration or warming-up. In parallel, a transcutaneous CO2 sensor, TOSCA 500 (radiometer Denmark) is placed on the forehead or earlobe 
of the patient. During the day three capillary blood gas samples are analyzed at H1, H4 and H8 and analyzed with an EPOC analyzer 
(Epocal, Canada) allowing for a quick collection of the results with a quality that is similar to the results obtained by a laboratory. The 
measured EtCO2 and PtCO2 values are registered at the same time as the blood sample.

For the study, 20 patients have been included, 5 pediatric patients with an age ranging between 2 and 17 years and 15 adult patients.
All patients are in a stable condition and ventilated (18 in a pressure mode and 2 in a volume mode) because of a restrictive or a neuro-
muscular disease. No changes to the ventilator setting were made during the period of the data collection.

Some patients used an heat moisture exchanger while others used a heated humidification system HC550 (F&P, New Zeeland) with 
heated wire circuit. All patients are tracheostomized and ventilated with a single limb circuit with active exhalation valve. In some cases 
the cuff was not inflated at all, creating a leak which has been taken into account when setting up the ventilator, while in other cases 
the cuff was partially or completely inflated. These cases are considered as ventilation without leaks. In total 60 ABG’s are analyzed.



Results
If we look at the 60 samples over all, we find a better correlation between PaCO2 and EtCO2 compared to PaCO2 and PtCO2, r²=0.6437 
vs 0.488 (fig1)

 
Fig 1: Correlation between PaCO2 and EtCO2 

We note that at H1, one hour after start, there seems to be a better correlation between the EtCO2 and the PaCO2 compared 
to the PtCO2  and PaCO2. When looking at the subgroup of adult patients, we find a better correlation, regardless of the time, 
between PaCO2 and EtCO2 compared to PaCO2 and PtCO2 (H1: R2=0,66 versus 0,56 ; H4: R2= 0.78 versus 0,44  and H8: R2= 0.54 
versus 0.15). In the sub-group of pediatric patients the data is less reliable because of the small tidal volumes (<250ml) and the 
relatively high leaks seen with 4 out of 5 patients.

Analysis of the subgroup of patients where the cuff was partially or fully inflated, shows that the correlation between PaCO2 
and EtCO2 is better compared to PaCO2 and PtCO2 for all three measure points. Logically, we note that with uncuffed cannulas 
leaks occur around the cannula, causing the EtCO2 measurement to become less accurate.

Discussion
One of the main problems of transcutaneous capnography is the need to have a perfect cohesion between the patient’s skin and the 
sensor. But, since patients move and perspire and have more or less oily skins, the sensor often loosens, even in a controlled envi-
ronment such as a hospital where regular checks are made and the sensor is put back in place.

With the measurement of EtcO2 we avoid these problems because from the moment that the patient is ventilated, the connection with 
the sensor is reliable. 

However the observed difference between PaCO2 and EtCO2 always shows a lower value for EtCO2 because of the leaks and a part of 
the exhaled air not passing the sensor.

Conclusion
This study shows a good correlation between EtCO2 and PaCO2. So, EtCO2 is a technique, which is easy to use and inexpensive, to 
evaluate the efficacy of the ventilation of tracheostomized patients during long-term treatment. The measurement of EtCO2 allows to 
follow the variations in CO2  as a result of setting changes made on the ventilator and allows for an easy adaptation even outside an 
ICU environment where regular analysis of ABG samples is hard to achieve and painful for the patient.

In conclusion, it seems to be possible to monitor the efficacy of ventilation in our patients by means of EtCO2 measurements during 
the day or overnight and identify peaks of CO2 linked to sleep and/or occurrence of apneas. EtCO2 offers probably a more reliable and 
less expensive way of monitoring our patients compared to PtCO2 but. But it would be good to perform a similar study on a group of 
patients under NIV with leaks.

EtCO2

EtCO2

Linear (EtCO2)

Pa
CO

2

PaCO2versus EtCO2

PtCO2

Linear (PtCO2)

PtCO2Pa
CO

2

PaCO2versus PtCO2



Br
ea

s 
M

ed
ic

al
 A

B 
20

14
 D

O
C1

49
44

83
 b

U
S

Breas Medical AB · Företagsvägen 1 · SE-435 33 Mölnlycke · Sweden
Phone +46 31 86 88 00 · Fax +46 31 86 88 10 · www.breas.com

*Vivo by Breas is a trademark of Breas Medical AB
 
© 2014 Breas Medical – All rights reserved.
Breas Medical reserves the right to make changes in specifications and features shown 
herein, or discontinue the product described at any time without notice or obligation. 
Contact your Breas representative for the most current information.  
Breas and the Breas logo are trademarks of Breas Medical AB. 
Third party trademarks are property of respective owners.

Bibliography
1.   End-Tidal Carbon Dioxide Monitoring, Robert E. St. John - Critical Care Nurse 2003;23:83-88
2.   Comparison of Arterial-End-Tidal PCO2, Difference and Dead Space/Tidal Volume,Ratio in Respiratory Failure ;     

 Mark K. Yainanaka, M.D. ;t and Darryl 1’. Sue, M.D. , F.C.G.P4 - CHEST I 92 / 5 I NOVEMBER, 1987 : 832-835
3.   Correlation of End-Tidal Carbon Dioxide with Arterial Carbon Dioxide in Mechanically Ventilated Patients ;  

 Ebrahim Razi, Gholam Abbass Moosavi, Keivan Omidi,  Ashkan Khakpour Saebi, Armin Razi - Arch Trauma Res.   
 2012;1(2): 24-28

4.   Intérêt du monitorage de l’ETCO2 pendant la ventilation non invasive, mémoire de DESC d’anesthésie réanimation,   
 année 2009,  académie de Paris, Dr Serge Carreira

5.   Relation between END-TIDAL and arterial Carbon Dioxide Partial Pressure during general anaesthesia with    
 spontaneous breathing and controlles ventilation in dogs – an experimental study, Kruljc P, Nemec Alenka,    
 Vintar Neli and Butinar J - Acta Veterinaria (Beograd), Vol. 53. No. 5-6, 283-296, 2003.

6.   Place de la surveillance de la capnographie dans les détresses respiratoires aiguës ( Capnography monitoring   
 in patients with acute respiratory distress) ; P. Jabrea, X. Combesb, F. Adnetc - Réanimation (2010) 19, 633-639

7.   Advances in the Use of Capnography for Nonintubated Patients ; Krauss, Baruch, MD, EdMa - Israeli Journal of   
 Emergency Medicine – Vol. 8, No.3 Nov. 2008; 3-15

8.   Bilevel positive airway pressure ventilation:factors influencing carbon dioxide rebreathing ; Zbigniew Szkulmowski,    
 Kheirallah Belkhouja, Quoc-Hung Le, Dominique Robert, Laurent Argaud : Intensive Care Med (2010) 36:688–691

9.   ETCO2 Capnographie: intérêts en anesthésie et en médecine d’urgence ;Dr Ph. Rault - www.adrenaline112.org    
 Mis en ligne en juillet 2000complété en septembre 2004

10.  Mainstream Gas Analyzers A Historical and Technological Perspective, Published by ProMed Strategies, LLC un der   
 an educational grant from PHASEIN AB, Sweden. Copyright © 2009, ProMed Strategies, LLC. 5 Branchwood    
 Court, Lawrenceville, New Jersey 08648-1057 USA. 

11.  State-of-the-Art Sensor Technology in Spain: Invasive and Non-Invasive Techniques for Monitoring Respiratory   
 Variables ; Christian Domingo, Luis Blanch, Gaston Murias and Manel Luján - Sensors 2010, 10, 4655-4674

12.  Transcutaneous Carbon Dioxide Monitoring and Capnography During Pediatric Polysomnography ; Valerie G.    
 Kirk, MD, Eldridge D. Batuyong, Shelly G. Bohn - SLEEP, Vol. 29, No. 12, 2006: 1601-1608

13.  End tidal carbon dioxide as a predictor of the arterial PCO2 in the emergency department setting ; C Yosefy, E    
 Hay, Y Nasri, E Magen, L Reisin - Emerg Med J 2004;21:557–559.

14.  Capnography in critical care medecine (case studies in capnography) Yorba Linda care fusion 2010
15.  Intérêt du CO2 expiré en réanimation, DESC de réanimation médicale, Dr M Serveaux
16.  Accuracy of end-tidal and transcutaneous PCO2 monitoring during sleep ; Sanders MH, Kern NB, Constantino   
   JP – Chest 1994; 106(2) : 472-483
17.  Monitorage du CO2 expiré ; Solter C HJ, Beydon L – réanimation 2004,13 : 62-70
18.  Effect of PEEP on the arterial minus end-tidal carbon dioxide gradient ; Blanch L, Fernandez R, Benito S, Mance  

 bo J, Net A – CHEST 1987; 92(3) : 451-454


