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Application of Non-invasive Positive Pressure Ventilation
Combined with PetCO2 Monitoring for Patients with
Chronic Obstructive Pulmonary Disease Combined with
Severe Respiratory Failure
Fu-Tao Cao, Yu Cui, Jia Mao, Fang Wan and Su Tu

ABSTRACT
Objective: To investigate the role of PetCO2 monitoring in non-invasive positive pressure ventilation (NPPV) treatment for
chronic obstructive pulmonary disease (COPD) patients combined with severe respiratory failure.
Study Design: A clinical retrospective study.
Place and Duration of Study: The ICU Emergency Department, Wuxi Second People's Hospital, Wuxi, China, from
February 2015 to February 2016.
Methodology: A total of 60 COPD patients with respiratory failure were selected. All patients received non-invasive positive
pressure ventilation and conventional treatment. PetCO2 values were recorded two hours before and after NPPV treatment.
At the same time, blood was collected for arterial blood gas analysis. Changes in PetCO 2, PaCO2 and the difference
between PaCO2 and PetCO2 (Pa-etCO2) were also monitored to determine the correlation between PetCO2 and PaCO2.
Results: After two hours of initial NPPV treatment, among the 60 patients, the PaCO2 and Pa-etCO2 of 40 patients were
significantly decreased (66.7%), the PaCO2 and Pa-etCO2 of 20 patients were not significantly decreased (33.3%). The
correlation analysis revealed that PaCO2 and PetCO2 were negatively correlated (correlation coefficient r = -0.537,
p=0.001, p<0.001). Furthermore, there were no significant correlations between PaCO 2 and PetCO2 in the ineffective
group (correlation coefficient r = -0.253, p=0.116, p>0.05).
Conclusion: PaCO2 monitoring could not be replaced by PetCO2 monitoring for patients with COPD combined with
severe respiratory failure. Nevertheless, dynamic monitoring can instantly feedback the respiration state, which can guide
the respiration, and improve the success rate of NPPV treatment and prognosis.
Key Words: End tidal carbon dioxide partial pressure, Non-invasive positive pressure ventilation, Respiratory failure,
Chronic obstructive pulmonary disease.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a
common and frequently occurring disease characterised
by persistent airflow limitation. This disease can seriously
affect the quality of life of patients and has a high mortality
rate.1,2 COPD is usually combined with respiratory failure
in the acute exacerbated period, and endanger the life
of a patient. The pathophysiological characteristics of
COPD combined with respiratory failure are increased
oxygen consumption and respiratory loading resulting
from high airway resistance and endogenous positive endtidal pressure, which exceed the compensatory ability of
the respiratory muscles. This would eventually cause carbon
dioxide retention and hypoxia, and lead to respiratory
failure. Therefore, improving the ventilation function of
patients is the most important treatment measure to
improve COPD combined with respiratory failure.
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Common treatments in clinical practice included
promoting respiratory muscle training for patients,
dilating the bronchus, and the application of ventilator
assisted ventilation,3 and non-invasive positive pressure
ventilation (NPPV). Early intervention could reduce the
values of PaCO2, decline breathe frequency and
severity of dyspnea, reduce the complications of
ventilator-associated pneumonia and hospitalisation
time, and decrease mortality rate and intubation rate.4,5
End-tidal carbon dioxide partial pressure (PetCO 2)
monitoring is a non-invasive method for monitoring
arterial blood carbon dioxide partial pressure (PaCO2),
which has been widely used in patients undergoing
anesthesia, endotracheal intubation and pre-hospital
care.6-8
Therefore, this study was conducted to investigate the
role of PetCO2 monitoring in NPPV treatment for chronic
obstructive pulmonary disease (COPD) patients combined
with severe respiratory failure.

METHODOLOGY
All patients were inducted from the ICU Emergency
Department, Wuxi Second People's Hospital, Wuxi,
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China, from February 2015 to February 2016. The study
was approved by the Ethics Committee of the hospital.
The patients or their family members provided an
informed consent. Data collection was conducted by
using a predefined standardised data collection form,
including age, changes in PetCO2, PaCO2 and the
difference between PaCO2 and PetCO2 (Pa-etCO2). The
sample size was estimated by the statistical software
based on the previous studies.
Inclusion criteria were patients suffered from chronic
obstructive pulmonary disease (COPD), combined with
severe respiratory failure; and age over 18 years who
had signed the informed consent form. Exclusion criteria
were patients in coma with poor autonomous protection
ability of the airways; weak autonomous respiration (with
low breathing rate and PaO2); unstable hemodynamics;
unable to wear a respiratory mask or the mask did not fit
the patient's face, resulting in leakage; and patients
combined with function failures of other organs.
The ventilation mode was S/T, and the reserve
frequency was set at 12 times per minute. The initial
inspiratory positive airway pressure (IPAP) was set at
8 cmH2O, and the expiratory positive airway pressure
(EPAP) was set at 4 cmH2O. Then, IPAP and EPAP were
adjusted according to the patient's tolerance, allowing
the tidal volume to reach 7-10 ml/kg and maintain a
SpO2 of >90%. The appropriate ventilation masks, which
combined the nasal cavity and oral cavity, were provided
to the patients, and connected with the plateau valve
expiratory device to avoid air leakage.
Direct current PetCO2 monitor was connected between
the non-invasive mask and ventilation pipeline in series.
The value of PetCO2 was recorded at two hours before
and after the NPPV treatment. At the same time, blood
was collected for arterial gas analysis. The difference
between PaCO2 and PetCO2 was marked as Pa-etCO2.
The NPPV treatment was counted as ineffective for
cases where the pH value of arterial blood continued to
decline and the PaCO2 continued to increase after two
hours of initial treatment.
A VENTImotion30 ventilator (Weinmann, Germany) was
used during the NPPV treatment, a B20 ECG monitor
(GE) was used for ECG and blood oxygen saturation
monitoring. A Solar 8000M mainstream carbon dioxide
analyser (GE, USA) was used for PetCO2 monitoring,
and instrument correction was performed before
sampling, according to manufacturer's instructions. The
blood gas analyser type was GEM 3500 (USA).
Data were analysed using SPSS 17.0 statistical
software. Measurement data were expressed as mean
± standard deviation (x ±SD). Paired t-test was used for
comparison between groups, while linear regression
analysis was used for correlation analysis. P<0.05 was
considered statistically significant.
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RESULTS
A total of 60 patients with COPD combined with
respiratory failure, who were admitted in the ICU
Emergency Department of the Hospital from February
2015 to February 2016, were enrolled for the study.
All cases were in line with the guidelines of the 2014
Global Initiative for Chronic Obstructive Lung Disease
(GOLD),9 and had a PaCO2 of >80 mmHg or pH of
<7.25. Among these patients, 32 patients were males
and 28 patients were females, and the age of these
patients ranged within 65-85 years, with an average age
of 62.5 ±9.8 years. The course of the disease ranged
within 5-30 years, with an average of 15.5 ±3.4 years.
BMI was 18.02 ±4.02 Kg/m2, smoking index was 781
±268.25 branches/year, mean arterial pressure was
93.92 ±6.82 mmHg, and heart rate was 102.26 ±8.68
bpm.
After two hours of initial NPPV treatment, the indexes of
both PaCO2 and Pa-etCO2 decreased (Table I), and the
differences were statistically significant (both p<0.001).
Furthermore, the difference in PetCO2 before and after
the treatment was not statistically significant (p=0.896,
p>0.05).
According to the results of the arterial blood gas analysis
at two hours before and after NPPV treatment, among
these 60 patients, 40 patients (66.7%) were treated
effectively, while 20 patients (33.3%) were treated
ineffectively. These patients were grouped according to
the effects of the treatment. The differences in PaCO2
PetCO2 and Pa-etCO2 before and after the treatment
between the effective group and ineffective group were
statistically significant (p<0.001, p<0.001; p=0.001, and
p<0.01 respectively, Table II).
Table I: Comparison of PaCO2, PetCO2, and Pa-etCO2 before the
NPPV treatment and 2 hours after the NPPV treatment.
Before the NPPV treatment
2 hours after the NPPV treatment

PaCO2

PetCO2

Pa-etCO2

92 ±7.1

33.8 ±9.2

58.1 ±11.8

85.3 ±12.9

33.9 ±11.6

51.4 ±23.4

t-value

4.818

1.183

3.746

p-value

0.000

0.896

0.000

Table II: Comparison of PaCO2, PetCO2, and Pa-etCO2 between the
effective NPPV treatment group and the ineffective NPPV
treatment group.
PaCO2

PetCO2

Pa-etCO2
52.2 ±8.3

The effective NPPV treatment group (n=40)
Before treatment

91.6 ±7.0

39.3±5.0

2 hours after treatment

78.4 ±7.5

41.4 ±5.1 37.0 ±11.1

t-value

36.230

-3.428

13.902

p-value

0.000

0.001

0.000

The ineffective NPPV treatment group (n=20)
Before treatment

91.7 ±5.6

2 hours after treatment

97.9 ±8.6

22.8 ±4.29 68.8 ±6.4
18.9 ±3.3

78.9 ±10.1

t-value

-5.670

3.769

-6.284

p-value

0.000

0.001

0.000
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The correlation analysis revealed that among the 60
patients, there was a negative correlation between PaCO2
and PetCO2 before and after treatment (correlation
coefficient r = -0.537, p<0.001, and p<0.01 respectively).
Furthermore, in the effective treatment group, PaCO2
was negatively correlated with PetCO2 (correlation
coefficient r = -0.294, p=0.008, p<0.01). However, there
was no significant correlation between PaCO2 and
PetCO2 in the ineffective group (correlation coefficient
r = -0.253, p=0.116, p>0.05).

DISCUSSION
The results of the present study revealed that for COPD
patients with severe respiratory failure, both PaCO2 and
Pa-etCO2 decreased after two hours of NPPV treatment
(p<0.05), and the proportion of patients who underwent
effective treatment reached 66.7%. Therefore, with the
results of the present study that included patients with
severe respiratory failure, if careful screening and
selection were performed to appropriate patients, NPPV
treatment would have a good effect, with the condition of
close monitoring and adequate assessment. For
patients who had no significant improvement after two
hours of treatment, IPPV treatment should be applied.
Therefore, in the process of NPPV treatment, the
selection of appropriate monitoring means is a very
important aspect of treatment.
NPPV has presently become a routine treatment for
acute exacerbations of chronic obstructive pulmonary
disease (AECOPD), and the success rate of AECOPD
can reach 80-85%. Most studies have suggested that
effective NPPV treatment can increase pH value,
decrease PaCO2 value, decrease the degree of
dyspnea, reduce tracheal intubation rate, and shorten
hospitalisation time in the short term.1,10 For patients
with severe respiratory failure caused by AECOPD,
studies have shown that NPPV failure rate and mortality
rate are higher.11-13 For these patients, invasive positive
pressure ventilation (IPPV) is more effective.
PaCO2 detection by blood gas analysis is an invasive
operation. It not only increases the suffering of patients,
increases the incidence of related complications and
aggravates the workload of the medical staff; but also
has certain limitations of not being able to continuously
and dynamically monitor patients. With mainstream type
PetCO2 monitoring, as a non-invasive monitoring
technology, it can continuously and non-invasive monitor
the pressure or concentration of carbon dioxide in
human alveolar.14 This makes it a very critical respiratory
care indicator. This has commonly been used for
monitoring patients in anesthesia care, pre-hospital
emergency care and tracheal intubation. PetCO2 refers
to the partial pressure of carbon dioxide in the human
body, which is exhaled from the end-tide in one breath.
Since the end-tidal gas of the human body is derived

from alveolar gas, PetCO2 can reflect the level of carbon
dioxide pressure of alveolar gas (PACO2) in human
body, and the pressures of PACO2 and PaCO2 are
almost equal after full gas exchange.15 Therefore, it is
clinically possible to estimate the PaCO2 of the human
body by monitoring PetCO2, achieving the goal of noninvasive monitoring of PaCO2.
In normal physiological conditions and in COPD patients
without respiratory failure, PetCO2 is closely correlated
to PaCO2.16 However, in COPD patients combined with
respiratory failure, PetCO2 cannot represent PaCO2,
because PetCO2 is often significantly lower than PaCO2
due to the imbalance between alveolar ventilation/
perfusion (VA/Q) and shunting changes (Qs / Qt), which
greatly limits its clinical application.17-19
In the present study, it was found that for severe
respiratory failure patients, there was no significant
difference in PetCO2 before and after two hours of NPPV
treatment (p>0.05). For patients grouped according to
the effect of treatment, the differences were statistically
significant in PaCO2, PetCO2 and Pa-etCO2 before and
after treatment in both the effective group and ineffective
group (p<0.05). Therefore, the investigators consider
that for patients with severe respiratory failure, PetCO2
cannot accurately reflect the level of PaCO2, and cannot
completely replace the role of PaCO2. Furthermore,
respiratory depression, asphyxia, poor ventilation and
other respiratory adverse reactions could be detected in
time. Through the dynamic monitoring of PetCO2, the
medical staff can directly open the airway, guide patient
breathing and adjust the ventilator parameters well. All
these have important roles for improving the ventilation
effect and reducing the rate of endotracheal intubation.
Some studies have shown that in critically ill patients, as
the alveolar dead space increased, the correlation
between PetCO2 and PaCO2 became worse, and
Pa-etCO2 increased with the increase in VD/VT (dead
space volume/tidal volume).20 The present study
revealed that PaCO2 was negatively correlated with
PetCO2 (r = -0.537, p<0.01), which is not consistent with
its relationship in normal physiological conditions. This
may be due to the existence of significant ventilation
disorder in severe respiratory failure patients, CO2 in the
body could not be smoothly excreted through the
alveolar, which resulted in significant CO2 retention.
Furthermore, there was no significant correlation
between PaCO2 and PetCO2 (p>0.05) in patients in the
ineffective treatment group (p>0.05). This further
indicates that PetCO2 could not replace blood gas
analysis in critically ill patients. For these patients, even
with the intervention during the monitoring process,
according to the waveform and pressure parameters of
PetCO2, the ventilation could not be improved. For
patients in the ineffective group, who were evaluated by
arterial blood gas analysis after two hours of treatment,
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tracheal intubation should be performed to allow for timely
invasive ventilation and prevent delayed treatment.

CONCLUSION
PaCO2 monitoring could not be replaced by PetCO2
monitoring for patients with COPD combined with severe
respiratory failure. Nevertheless, dynamic monitoring
can instantly feedback the respiration state, which can
guide the respiration, and improve the success rate of
NPPV treatment and prognosis.
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