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ABSTRACT

The study was conducted in paediatric intensive care unit of a tertiary teaching institution of North India from June 2017 to May 2018 to evaluate
the relationship between EtCO2 and arterial PaCO2 in mechanically ventilated children. Study design was prospective observational. All children
(>1 month and <18 years of age) who were intubated and mechanically ventilated were taken in the study. The patients were included in the study
after approval of the institutional ethical committee and written informed valid consent obtained from the Guardian of the patient. Total 44 patients
were studied. Out of these cases 72% were males and 22% were females. The mean age of population was 6.6 1years. The overall PaCO2 was 38.04
+17.12 mmHg and mean EtCO2 was 33.36 + 13.26 mm Hg. The mean PaCO2 in respiratory and non respiratory group was 43.56 + 18.48 mm Hg
and 33.88 + 14.86 mm Hg respectively. The mean EtCO2 in respiratory and non respiratory group was 30.33+12.21 mm Hgand 37.37 £ 13.66 mm
Hg. The overall correlation coefficient between EtCO2 and PaCO2 pairs was 0.831 with P - value of 0.0001. The correlation coefficient between
EtCO2 and PaCO2 pairs in respiratory group was 0.768 and P value of <0.0001 while in non respiratory group correlation coefficient was 0.848 and
P value was <0.0001. in Conclusion a strong positive correlation was observed between PaCO2 and EtCO2 pairs in our study on mechanically
ventilated patients.

KEYWORDS

Capnography, EtCO2 , PaCO2 ,Correlation, Children

INTRODUCTION

Mechanical ventilation is invasive life support undertaken to correct
abnormalities in oxygenation (Pa02), alveolar ventilation (PaCO2) or
respiratory effort (Poor, nil or difficult) with multiple effects on the
cardiopulmonary system ", In PICUs and NICUs a number of patients
(infants and children) are put on ventilator support for different
indications like neurological , cardiorespiratory , metabolic and others
(injuries, poisonings, bites) “. For the monitoring of adequacy of
ventilation and oxygenation, only tool that was used in past was ABG
which still remains the gold standard to assess the adequacy of
cardiopulmonary function. However ABG is expensive, leads to blood
loss and iatrogenic anaemia, and each sample is only a snapshot view
of the sampling moment. Pulse oximetry provides a non-invasive
method of assessing the oxygenation and continuous surveillance of
the partial pressure of arterial oxygen (Pa02) "’ There is a need for
continuous CO2 monitoring in ventilated patients especially in infants
as these patients are more at risk to side effects of hypocarbia and
hypercarbia. End-tidal carbon dioxide (EtCO2) monitoring is the
non.invasive measurement of exhaled CO2, first studied clinically by
Smallhout and Kalenda in the 1970s™. It has been used extensively in
operating theatres and intensive-care units for the past 25 years and
increasingly in emergency departments and the prehospital
setting™"" The graphic display of CO2 concentration (or partial
pressure) during the respiratory cycle (capnography) has offered many
uses in adults™”""" and pediatric clinical practice! """, EtCO2 reflects
metabolism, circulation, and ventilation and is equal to arterial CO2 if
there is no ventilation-perfusion mismatch. The difference is usually 2-
5 mmHg lower in EtCO2 than arterial CO2 "*. There is limited data
about the correlation of EtCO2 and PaCO2 in mechanically ventilated
pediatric patients.

Subjects and Methods:

This was a prospective observational study. It was carried out in
pediatric intensive care unit of tertiary care unit in north India, from
June 2017 to may 2018. All patients (between age 1 month and 18
years), who were mechanically ventilated. The exclusion criteria were
neonates , children having cyanotic congenital heart disease,
significant left to right shunt, severe pulmonary arterial hypertension
on ECHO, chronic pulmonary disease ,presence of air leak syndrome
i.e. pneumothorax ,ventilator circuit leak > 15%, tracheostomized
children, intubation for upper airway obstruction. , baseline chronic
use of invasive or non-invasive respiratory support. This study was

carried out after approval by IGMC review board. Written informed
consent was obtained from the parent or legal guardian prior to
enrolment. Demographical data and clinical data including patient's
age and sex, vital signs ( Heart rate, RR, SpO2, CRT/BP ), Input and
output charting, Diagnosis, Indication and day of ventilation, ET tube
size (cuffed/uncuffed) was abstracted and recorded on Performa.
Patients were put on different modes of ventilation on Hamilton
Galileo ventilators. Mechanical ventilation settings like mode of
ventilation, FiO2, tidal volume (inspiratory and expiratory), PIP, and
PEEP were noted. After proper calibration and an equilibration time of
minutes with stable hemodynamic and respiratory variables, EtCO2
was recorded using an end-tidal CO2 analyser (Micro stream® EtCO2
— MI1920A Filter Line Set H M1921A for adults/paediatric and
MP1923A infant/ neonatal, attached to Philips MP70 IntelliVue
monitors) attached in between endotracheal tube and ventilator circuit.
Highest reading was recorded which was consistent for at least 2
minutes. After recording the EtCO2 levels with the help of
capnograph, ABG samples were taken within 5 mins of recording
EtCO2 value. For that, arterial cannulation was done of all the patients
included in the study. Blood samples were drawn from arterial line
(already secured) and samples were immediately analyzed for PaCO2
using blood gas analyzer (Cobas b 121 POC systems, Roche
Diagnostics Ltd. CH-6343 Rotkreuz Switzerland) in hospital clinical
laboratory. A minimum interval of 6 hours was maintained between
two successive measurements. SpO2, NIBP, IBP, plethysmography,
ECG measurement were recorded on Philips Mp70 Intellivue monitor.
PEtCO2 was measured by side stream sampling attached to Philips
Mp70 Intellivue monitor. Intermittent ABG measurement and
continuous pulse oximetry (SpO2) were carried out. statistical analysis
of EtCO2 and PaCO2 pair was done by computing P value, confidence
interval, paired t tests, Spearman and Pearson correlation coefficient.
Statistical analysis was considered significant if the P value was <0.05.

RESULTS:

A total of 100 samples (PaCO, — EtCO2 pairs) were taken from 44
patients satisfying the inclusion and exclusion criteria. On an average 2
samples were withdrawn with range variability of 1-6. Of the total
patients, 30 were males and 14 were females. The mean age of the
study population was 6.61 years. The most common etiology for
ventilation was bronchopneumonia (33 %) followed by Sepsis with
ARDS (14 %) in the patients. Others were as depicted in Table 1.
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Indication for ventilation was respiratory distress in 93.59 % patients
and respiratory failure (Type 1 & Type 2) in 6.41% of the patients. X-
rays were abnormal in 43% of the PaCO2-EtCO2 pairs. Clinical and
ventilator variables were as shown in Table 2

Table 1: Demographic and diagnostic characteristics of infants
and children
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Spearman rank correlation coefficient was used to find the correlation
of EtCO2 with PaCO2 as a whole . The mean PaCO2 was 38.04 +17.12
mmHg and mean EtCO2 was 33.36 + 13.26 mmHg. Total EtCO2
readings were very significantly & positively correlating with PaCO2
readings. This is depicted by the correlation coefficient 0f 0.831 and p<
0.0001(figure: 1).
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Figure 1: Correlation between PaCO2 and EtCO2

The mean PaCO2 in patients with respiratory and without respiratory
illnesses was 43.56 + 18.48 mmHg and 33.88 + 14.86 respectively. The
mean EtCO2 in patients with respiratory and without respiratory
illnesses was 30.33 + 12.21 mmHg and 37.37 + 13.66 mmHg
respectively. A statistically significant positive correlation existed
between PaCO2 and EtCO2 pairs drawn from the patients with the
respiratory and non-respiratory illnesses. The correlation coefficient
and P value in patients with respiratory illnesses were 0.768 and less
than 0.0001 whereas in patients with non-respiratory illnesses, the
correlation coefficient r=0.865 and p<0.0001(figure 2 and 3).
Correlation bw EtC02 reading and Pac02
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Figure 2. Correlation between PaCO2 and EtCO2 pairs in patients
with Respiratory illnesses
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Respiratory Figure 3. Correlation between PaCO2 and EtCO2 pairs in patients
Pneumonia 33 with non-respiratory illnesses
ARDS 14
Croup 4 DISCUSSION:

Central nervous system In our study 43% PaCO2-EtCO2 pairs (total -100 pairs) were taken
Seizure disorder 7 from patients with respiratory illness. As per the study data, there was
Meningitis 2 significant correlation between PaCO2-EtCO2 pairs(r=0.831,
Acute febrile encephalopathy 3 p<0.0001). Other studies with similar results are depicted in table 3.

Snake Bite 11 Table 3: Correlation coefficients of PaCO2-EtCO2 pairs in various

Others 26 studies

Table 2 :Clinical and Ventilator variables Stu(‘ly name Correlation coefficient (r)

Description n = 100 pairs Razi et al - 0.841

Mean SD Mehta et al 0.836 (neonates)
Age 6.61 6.61 0.914 (iinfants & children)
Fio2 3571 1819 Garfield et al” 0.632
- hd 7

Breaths/min 28.45 7.01 Bhat et all 0.73

PIP 17.98 461 Present study 0.831

PEEP 6.13 1.49 It was observed that there was a good and positive correlation in the

pH 735 0.14 respiratory group (r=0.768, p <0.0001) although it was higher in the

: -respirat b =0.848, p<0.0001). In the stud, ducted

ORI 2 by Mehta et A1 neonates wiih mitd to moderate hung discase here

SpO2 94 9'3 > 6 was a strong correlation of PaCO2-EtCO2 pairs with r = 0.89 (95%

O/pl K 3 5 9 3' 3 CI=0.84-0.92); whereas in severe lung disease, it showed a good
o ca i - : correlation of r=0.80 (95% CI=0.67-0.88). In infants and children with

EtCO?2 reading 33.36 13.26 mild to moderate lung disease, a significant correlation was observed

i.e. 1=0.94(95% CI =0.91-0.95 ) whereas in severe lung disease the
correlation was good r=0.782, but there was a wide 95% CI = 0.71-
0.92." Our study was in accordance with this study. The difference in
correlation in a respiratory subgroup can be explained on the basis of
ventilation-perfusion mismatch which is higher in this group due to
lung pathology. However the P value (0.1539) was insignificant on
comparing the coefficient of these subgroups, implying that the
difference was not statistically significant. Limitations of the study
were that children on higher and low pressure ventilation were not
segregated and analyzed separately and number of EtCO2-PaCO, pair
was less.

To conclude a strong positive correlation was observed between
PaCO2 and EtCO2 pairs in our study on mechanically ventilated
patients. Hence, EtCO2 is a good modality for monitoring arterial
carbon dioxide levels in pediatric patients on mechanical ventilation
with stable haemodynamics. Moreover, EtCO2 monitoring is cheap,
non-invasive and painless, so it should be used in all ICUs with
advantage of decrease in repetitive ABG sampling thereby avoiding
unnecessary pricks and pain to patients.
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