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Background: Measuring end-tidal carbon dioxide (ETCO2) can be a non-invasive, fast, and 
reliable method to predict partial pressure of carbon dioxide (PaCO2) in patients with respiratory 
distress. This method, which can be a suitable substitute to measure PaCO2, is being used in 
many emergency rooms and operating rooms in developed countries, but its exact relationship 
with PaCO2 has not been confirmed yet. This study aims to investigate the relationship between 
PaCO2 and ETCO2 in patients with respiratory distress referred to the emergency.

Materials and Methods: Arterial blood gases were measured in patients referred to the 
emergency room of Hazrat Rasool Akram (PBUH) Hospital with the main complaint of 
respiratory distress, and the ETCO2 of the patient was measured simultaneously with a 
capnograph. At the same time, the blood pressure and body temperature of the patients were 
also measured. The obtained information was collected in a sheet and statistically analyzed 
using SPSS software, version 15.

Results: A total of 120 patients were included in the study whose mean age was 48.3. The Mean 
PaCO2 and ETCO2 were 47.45 and 26.9, respectively. The mean respiratory rate was 37.4 and 
diastolic (89.9) and systolic (124.9) blood pressure. A total of 48.33% of patients were women. 
Statistical analysis showed a significant relationship between PaCO2 and ETCO2 (P=0.0001; 
CC=0.436). Linear regression analysis showed that ETCO2 predicts PaCO2 with R=0.424.

Conclusion: A good correlation was found between PaCO2 and ETCO2 and this correlation 
was higher in diseases such as sepsis and COPD. Variables such as age, sex, and blood pressure 
did not affect this correlation. Of course, more studies on healthy people are necessary to 
confirm these findings.
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1. Introduction

atients referred to the emergency room with 
the main complaint of respiratory distress 
need a careful examination of the status of ox-
ygenation, ventilation, and acid-base balance. 
In this regard, taking Arterial Blood Gases 
(ABG) from the patient can provide accurate 
information to the doctor, since ABG devices 

may not be available in all emergency rooms. Taking arte-
rial blood from the patient is time-consuming and prone to 
errors, it is very painful for the patient; in addition, in some 
cases, it needs to be repeated several times. Therefore, the 
need to find non-invasive methods such as pulse oximetry 
and capnograph is felt. Also, instead of continuous informa-
tion, ABG provides intermittent findings about the patient’s 
oxygenation; therefore, it is not ideal for careful monitoring 
of ill patients [1].

Using capnography, the amount of end-tidal carbon 
dioxide (ETCO2) can be measured. Capnometry is a 
non-invasive method to assess the adequacy of ventila-
tion by measuring the concentration of carbon dioxide in 
exhaled air [2]. Capnometry shows the amount of carbon 
dioxide per unit of time in the form of a graph in each 
respiratory cycle.

Capnography can help guide the quality of cardiopul-
monary resuscitation. In addition, capnography is useful 
in determining the adequacy of pulmonary ventilation 
and evaluating changes in pulmonary blood flow and 
physiologic dead space [3].

Also, capnography is used in patients who undergo 
elective surgery under general anesthesia, patients who 
undergo hyperventilation to reduce cerebral edema, and 
those who need monitoring for the occurrence of respira-
tory apnea [4].

Capnography shows alveolar ventilation (PaCO2). 
If the patient is hemodynamically stable, the ambient 
temperature is stable and no severe lung disease exists. 
However, end-tidal carbon dioxide (PETCO2) is signifi-
cantly affected by changes in physiological dead space, 
which in turn is affected by pulmonary blood flow and 
cardiac output. A sudden drop in cardiac output and a 
decrease in pulmonary blood flow lead to an increase in 
the physiological dead space and a drop in the amount 
of PETCO2 and, naturally, an increase in the gradient 
between arterial and alveolar carbon dioxide pressure. 
However, the interpretation of capnography numbers in 
critically-ill patients and patients with acute respiratory 
failure should be done with caution [5, 6].

2. Materials and Methods

In this analytical cross-sectional study, all patients who 
were referred to the emergency room of Hazrat Rasool 
Akram (PBUH) Hospital with respiratory distress during 
the study period were examined, and ETCO2 and ABG 
were measured simultaneously by capnograph.

The obtained information was collected in a sheet and 
statistically analyzed using SPSS software version 15.

ETCO2 measurement has no harm to the patients and 
ABG was performed as part of the diagnostic process 
in case of indication (respiratory distress) after obtaining 
written consent from the patient or companions.

3. Results 

A total of 120 patients were included in the study, whose 
mean age was 48.3. The mean PaCO2 and ETCO2 were 
47.45 and 26.9, respectively. The mean respiratory rate 
was 37.4, diastolic blood pressure was 89.9 and systolic 
blood pressure was 124.9. A total of 48.33% of the pa-
tients were women. A significant statistical relationship 
was observed between PaCO2 and ETCO2 (Spearman’s 
Correlation; P=0.001 CC=0.436).

A significant statistical relationship was observed between 
ETCO2 and PaCO2 in Chronic Obstructive Pulmonary 
(COPD) and sepsis (Table 1). No significant statistical rela-
tionship was found between age, breathing rate, and blood 
pressure with ETCO2 and PaCO2 (Table 2). In linear regres-
sion analysis, ETCO2 predicts PaCO2 with R=0.424, P=0.001.

4. Discussion

In our study, a linear correlation between ETCO2 and PaCO2 
was shown, which had a correlation coefficient of 0.436. The 
disproportion between ETCO2 and PaCO2 indicates the dif-
ference between ventilated and perfused alveoli. An increase 
in anatomical and physiological dead space and disturbance 
in pulmonary blood circulation leads to a decrease in ETCO2 
and an increase in the gradient of ETCO2/PaCO2 [7, 8]. In 
hemodynamically stable patients, a gradient of 5-6 is normal 
[7, 9, 10]. Pulmonary embolism and shock decrease ETCO2 
and increase PaCO2/ETCO2 gradient [11, 12].

A study conducted by Yusefi [13] and Barton [14] showed 
a linear correlation between ETCO2 and PaCO2, and the cor-
relation coefficient was reported as 0.736 and 0.7720, re-
spectively, which confirms our findings. Also, Yusefi’s study 
showed that increasing age increases the PaCO2/ETCO2 gra-
dient by increasing the dead space in the lung [15]. 
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Table 1. Correlation of log Partial Pressure Of Carbon Dioxide (PaCO2) and End-Tidal Carbon Dioxide (ETCO2) according to 
diseases

Disease Log PaCO2

Asthma Spearman’s rho ETCO2

Correlation coefficient -0.228

Sig. (2-tailed) 0.308

N 22

COPD Spearman’s rho ETCO2

Correlation coefficient 0.665**

Sig. (2-tailed) 0.000

N 28

Pulmonary edema Spearman’s rho ETCO2

Correlation coefficient 0.200

Sig. (2-tailed) 0.533

N 12

Sepsis Spearman’s rho ETCO2

Correlation coefficient 0.894**

Sig. (2-tailed) 0.003

N 8

PTE Spearman’s rho ETCO2

Correlation coefficient 0.025

Sig. (2-tailed) 0.933

N 14

** Correlation is significant at the 0.01 level (2-tailed); ETCO2: End tidal carbon dioxide; COPD: Chronic Obstructive Pulmonary 
Disease; PTE: Pulmonary Thromboendarterectomy.

Table 2. Correlation of Partial Pressure of Carbon Dioxide (PaCO2) and End-Tidal Carbon Dioxide (ETCO2) with blood pres-
sure, respiratory rate, and age based on spearman’s rho

Sig. (2-tailed)Correlation CoefficientVariables

0.809-0.022RR

ETCO2

0.869-0.015Age

0.713-0.034Diastolic BP

0.609-0.047Systolic BP

0.2370.109RR

PaCO2

0.1350.137Age

0.918-0.010Diastolic BP

0.522-0.059Systolic BP

ETCO2: End tidal carbon dioxide; PaCO2: Partial pressure of carbon dioxide; BP: Blood pressure; RR: Risk ratio. 
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 In Barton’s study [14] , no statistically significant dif-
ference was observed between ETCO2 and PaCO2 in 
patients with hypocapnia, and the correlation between 
ETCO2 and PaCO2 was stronger. Milo et al. using the 
genetic algorithm obtained a formula that non-invasively 
calculates PaCO2 through ETCO2 with an increase in ac-
curacy of 21% compared to other studies [16]. In our 
study, the PaCO2/ETCO2 gradient increased with in-
creasing age, but it was not statistically significant.

According to Scaman et al. [17], the capnometer device 
cannot accurately predict ETCO2 changes with increas-
ing breathing rate and will lead to a low correlation coef-
ficient; nevertheless, in our study and Yusefi’s study, the 
correlation coefficient decreased in respiration rate above 
30, but this decrease was not statistically significant.

In this study, the highest correlation coefficient of ETCO2 
and PaCO2 according to pathogenesis is as follows, sep-
sis and COPD, whose correlation coefficient was 0.894, 
0.665, respectively, which has a significant statistical dif-
ference with the total correlation coefficient denoting that 
the probability of predicting PaCO2 from ETCO2 in these 
two diseases is higher. In Yusefi’s study, due to the small 
sample size, these comparisons were not done.

5. Conclusion

A good correlation was found between PaCO2 and ETCO2 
and this correlation was higher in diseases such as sepsis 
and COPD. Variables, such as age, sex, and blood pressure 
did not affect this correlation. Of course, more studies on 
healthy people are necessary to confirm these findings. 
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