
 

 
 
 
 
 

Early View 
 
 
 

Research letter 
 
 
 

Transcutaneous Carbone Dioxide Monitoring as a 

valid complementary method in acute respiratory 

failure 
 
 

Lukas Perkhofer, Anika Strobel, Daniel Gagiannis, Thomas Seufferlein, Katarina Schmidt, Benjamin 

Mayer, Alexander Kleger, Martin Müller 

 
 
 

Please cite this article as: Perkhofer L, Strobel A, Gagiannis D, et al. Transcutaneous Carbone 

Dioxide Monitoring as a valid complementary method in acute respiratory failure. Eur Respir J 

2020; in press (https://doi.org/10.1183/13993003.02137-2020). 

 
 
 
 
 
 

This manuscript has recently been accepted for publication in the European Respiratory Journal. It is 

published here in its accepted form prior to copyediting and typesetting by our production team. After 

these production processes are complete and the authors have approved the resulting proofs, the article 

will move to the latest issue of the ERJ online. 

 
 
 

Copyright ©ERS 2020 



Transcutaneous Carbone Dioxide Monitoring as a valid 

complementary method in acute respiratory failure 

 

Lukas Perkhofer1, Anika Strobel1, Daniel Gagiannis2, Thomas Seufferlein1, Katarina Schmidt1, 

Benjamin Mayer3, Alexander Kleger1* and Martin Müller1* 

 

1Department of Internal Medicine 1, Ulm University, Ulm, Germany  

2Department of Pulmonology, Bundeswehrkrankenhaus Ulm, Ulm, Germany  

3 Institute of Epidemiology and Medical Biometry, Ulm University, Ulm, Germany 

*equal contribution 

 

 

Short title: Transcutaneous Carbon Dioxide Monitoring in acute respiratory failure 

 

 

 

Corresponding authors: 

 

PD Dr. Martin Müller 

Department of Internal Medicine 1, Ulm University  

Albert-Einstein-Allee 23, 89081 Ulm, Germany 

Phone: +49 731 500 44501 

e-mail: martin.mueller@uniklinik-ulm.de 

 

Prof. Dr. Alexander Kleger 

Department of Internal Medicine 1, Ulm University  

Albert-Einstein-Allee 23, 89081 Ulm, Germany 

Phone: +49 731 500 44501 

e-mail: alexander.kleger@uni-ulm.de  

  

mailto:martin.mueller@uniklinik-ulm.de
mailto:alexander.kleger@uni-ulm.de


To the Editor: Concise monitoring of patients suffering from acute respiratory failure is mandatory 

but highly labor-intensive and thus tying up personnel and organizational resources due to the 

requirement of repetitive arterial blood gas analyses (aBGA). More than anything the current Covid-

19 crisis unveiled the real scarcity in staff resources and consequently shortage of surveillance 

capacity. Based on published data transcutaneous capnometry (TcCO2) is not suitable to fully replace 

aBGA. In line, a recently published article from Mummery et al. critically assesses value and reliability 

of TcCO2 in an emergency care unit, revealing that TcCO2 cannot concordantly detect very slight 

changes in arterial CO2 (PaCO2) values defined within the range from +/-0.25kPa (1.88mmHg) [1]. 

However, there are strong indicators underpinning synergistic use in defined patient cohorts [2, 3]. 

Moreover, the power of the study with a sample size of 24 patients and the authors conclusions have 

to be evaluated critically [1]. Consequently, we conducted a prospective trial with (i) an extended 

number of patients and specimens, (ii) use of latest sensor technique and (iii) refined criteria of 

clinically meaningful CO2 deviations underlining a valuable role of complementary TcCO2 

measurement within an emergency room (ER).  

 

Methods 

Patients ≥18 years, admitted to our tertiary referral center ER with presence of respiratory 

insufficiency (partial or global) and/or dyspnea were eligible for participation. Exclusion criteria were 

immediate need for invasive ventilation, vasoconstrictor therapy, qSOFA Score > 1 point at hospital 

admission. Patients were enrolled after signed informed consent. Respective respiratory/oxygen 

support was conducted with either nasal cannula (NC), high flow nasal cannula (HFNC) or non-

invasive ventilation (NIV). Cohort description includes standard clinical parameters, diagnoses, 

APACHE-II-score and detailed parameters of respiratory support. TcCO2 measurements were 

performed according to manufacturer’s recommendations (Radiometer GmbH, Krefeld, Germany). 

After sensor calibration, TcCO2 sensors were placed on the ear lobe exclusively by repetitively, on-

site manufacturer trained staff. As a criterion of validity (e.g. to exclude states of hypoperfusion) CO2 

values were detected along with the sensors heating power. The first blood sample was directly 

drawn after calibration (T0). To ensure standardization the second blood draw was taken at a defined 

time point 2 hours after calibration (T2). According to the manufactures recommendations sensor 

stability is expected up to 12 hours. The study was approved by Ulm university ethics committee 

(No.184/18).  

 

Statistical analysis 

Paired reading of repetitive measurements was compared by Bland Altman analysis (difference 

TcCO2-PaCO2 vs average) and plotted with 95% limits of agreement and bias. The maximum clinically 



acceptable difference was defined as 1.0kPa (overestimation) and -0.7kPa (underestimation). 

Pearson´s correlation was used to correlate invasive vs transcutaneous measurements and 

temperature effect. Concordance of directive changes in CO2 in invasive and non-invasive 

measurements were analyzed by means of a mixed linear model estimating an intra-class coefficient 

(ICC). A post-hoc analysis after inclusion of 92 patients with a total of 184 measurements showed a 

study power of  90%, with a non-inferiority case number with mean TcCO2 of 5.9kPa (TcC02 T0 mean 

5.82, SD 1.82, 95% CI for the mean 5.44 - 6.20; TcC02 2 mean 6.04, SD 1.94, 95% CI for the mean 5.64 

- 6.44) and mean pCO2 of 5.7kPa (pC02 0 mean 5.66, SD 1.65, 95% CI for the mean 5.31 - 5.99; pC02 

T2 mean 5.79, SD 1.81, 95% CI for the mean 5.42 - 6.17). No patients or measurements were 

excluded for final analysis.  

 

Results 

In total 92 patients were enrolled from 07/2019 until 03/2020 (53 male, median age 71 years) and all 

were included into final analysis. Main reasons for hospitalization were pneumonia (n=54) and 

exacerbated COPD (n=18). Three patients needed respiratory support following influenza viral 

pneumonia. Patients analyzed received oxygen supply via NC (n=11), HFNC (n=54) or NIV (n=27). A 

total of 184 aBGA samples were correlated with TcCO2 measurements. The mean CO2 values were: 

aBGA 5.7kPa and TcCO2 5.9kPa. Underestimation of aBGA values could potentially be dangerous for 

the patients. In only 7 out of 184 measurements we observed a negative difference between TcCO2 

and aBGA of below -0.7kPa (with a maximum deviation of -1.1kPa) (Figure 1). Clinically less relevant 

overestimation of aBGA CO2 values by TcCO2 were detected in 12 patients above 1.0 kPa (with a 

maximum deviation of 1.7kPa). According to Bland Altman analysis the bias of TcCO2 was 0.21kPa 

above PaCO2 values (95% limit of agreement -0.86 - 1.27kPa) (Figure 1). The ICC was calculated as 

0.91 indicating strong agreement of PaCO2 and TcCO2 measurements. This is also confirmed by 

correlating the PaCO2 and TcCO2 differences between both time points of measurement. In 75% of 

all cases (69 of 92) the differences showed a concordant relationship (Pearson correlation 0.78). We 

did not observe any significant correlation between (i) clinical diagnosis (ii) distinct method of 

respiratory support (iii) APACHE-II-score, (iv) body temperature and the discrepancy of 

measurements. 

 

Discussion 

Based on the published literature TcCO2 is incapable to fully replace aBGA [1, 4]. However, recent 

approaches indicate potential use of TcCO2 in indirect hemodynamic monitoring of critical ill patients 

[2, 3]. Most of these studies face methodical limitations, e.g. untrained operators for the application 

of the CO2 sensor and lacking detection of heating power as an indicator for probable inaccuracy [5]. 



Mummery and colleagues defined harsh limits of clinically acceptable CO2 differences with a 

stringent error interval of max. ±0.25kPa  [1]. This range might be appropriate when aiming for equal 

replacement of aBGA by TcCO2 measurement but does not reflect a clinically meaningful deviation. 

Even for monitoring ER patients with a threatening hypoventilation less restrictive limits should be 

sufficient for complementary use of TcCO2 [6, 7]. In this context we have only detected 3.6% of 

measures leading to underestimation of more than -0.7kPa, not exceeding -1.1kPa. While we 

observed a high ICC there might be also potential limitations: The data was collected within a time 

period of two hours after sensor calibration. Given that one of the potential practical problems of 

this type of transducer is stability along time, assessment of extended applications is required to 

ascertain reliability for routine application. 

Summarized, the strength of the study presented is: (i) the prospective character, (ii) a defined 

patient cohort (including the vast majority of ER patients), (iii) initial validation of measurements by 

matching between TcCO2 and aBGA, and, (iv) finally the use of a next generation sensor technique. 

Hence, we propose to use TcCO2 not as a replacement of arterial BGA but as a complementary set up 

to reduce labor-intensity while increasing patient security through valid live CO2 tracking. By 

observing a high reliability not to underestimate patients aBGA CO2 values, TcCO appears to be 

suitable in a non-critical care setting.  

 

Figure Legends:  

Figure 1. Differences in CO2 measurements by TcCO2 monitoring and PaCO2 compared to the mean 

of the two measurements displayed in a Bland Altman Plot, n = 184. Grey dotted lines = 95% limits of 

agreement (-0.86, 1.27), Red dotted lines = defined limits of clinical acceptance -0.7kPa to 1.0kPa, 

Grey dashed line = Bias (0.21). 
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