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Introduction
Pediatric patients on mechanical ventilation after cardiac 

surgeries are in a vulnerable period that requiring continuous 
and comprehensive monitoring and every single change in the 
patient’s physiological variables are taken into account [1]. 
Pediatric patients who undergo cardiac surgery are at risk for 
developing respiratory insufficiency after cardiac surgery as a 
result of the effects of general anesthesia, the surgical procedure  

 
and inflammatory response to cardiopulmonary bypass, therefore, 
they need careful management of mechanical ventilation for 
supporting oxygenation and ventilation [2]. Arterial blood gases is 
the gold standard for the assessment of oxygenation and ventilation 
[3]. However, there are several complications and limitations of 
arterial blood sampling which can arise from arterial puncture or 
presence of indwelling arterial catheter especially in pediatrics 
which includes local hematoma, artery vasospasm, infection at 
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Abstract 
Background: Pediatric patients undergone mechanical ventilation after cardiac surgeries need rapid and reliable evaluation of their respiratory 

status.  Monitoring of pulse oximetery and capnography as a surrogate, noninvasive measurement of arterial oxygen saturation (SaO2) and arterial 
carbon dioxide tension (PaCO2) became important respiratory monitoring.  

Aim of the study: Was to compare pulse oximetery and capnography monitoring values with arterial blood gas parameters among postoperative 
pediatric cardiac surgeries. 

Subjects and Methods: A descriptive correlational design was adopted utilizing a convenience sample of 88 pediatric patients with cardiac 
anomalies who undergoing total repair surgeries, intubated for mechanical ventilation and had an indwelling arterial catheter as part of their 
evaluation in postoperative period were included in the study. Patient’s demographic, clinical relevant data as well as invasive and noninvasive 
monitoring of arterial oxygen saturation and arterial carbon dioxide partial pressure were utilized in data collection

Results: Statistical analysis demonstrated  mean differences between SaO2 and SpO2 (98.2 ±1.6% and 97.5±2.4% respectively; p=0.024)) as 
well as the mean difference between PaCO2 and PetCO2 (36.9±6.9mmHg and 33.1±7.7mmHg respectively; p <0.001). As well, a significant positive 
correlation was found between the mean SaO2 and SpO2 (r= 0.935, p<0.001) as well as, between the mean PaCO2 and PetCO2 (r= 0.930, p<0.001).

Conclusion: It can be concluded that SpO2 and EtCO2 values are positively correlated with SaO2 and PaCO2 in mechanically ventilated pediatric 
patients after cardiac surgeries. Therefore SpO2 and EtCO2 monitoring can be used as a continuous, non-invasive predictor for SaO2 and PaCO2.
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the puncture site, hemorrhage, arterial occlusion, air or thrombus 
embolism and local pain. Moreover, sampling is intermittent, time-
consuming and delay in obtaining results which can affect the 
clinical decision about patient management [4]. Pulse oximetry and 
capnography technology became monitoring standard in critical 
care units and commonly useful for accompanying mechanical 
ventilation management [5]. Pulse oximetry is an effective method 
for continuous and non-invasive monitoring of arterial oxygen 
saturation using a probe attached to different body sites which 
can lead to a more rapid treatment of serious hypoxemia, used for 
titration of inspired oxygen and wean mechanical ventilation [6]. 
Capnography is a useful noninvasive and continuous monitoring 
tool for arterial carbon dioxide tension. PetCO2 monitoring provides 
an assessment of the adequacy of ventilation also it can be used 
for confirming correct ETT placement, early warning for loss of 
the ventilator circuit integrity and changes in cardiopulmonary 
status [7]. Hence, the direction towards non-invasive methods for 
continuous monitoring of SaO2 and PaCO2values should be used 
followed to facilitate clinical diagnosis and treatment. In addition 
to avoiding complications related to invasive monitoring and helps 
in reducing medical cost [8].

The Aim of the Study
 The main aim of this study was to compare pulse oximetry 

and capnography (SpO2 and EtCO2) monitoring values with arterial 
blood gas parameters (SaO2 and PaCO2) among postoperative 
mechanically ventilated pediatric patients after cardiac surgeries.

Subjects and Methods
A prospective descriptive correlational design was used to 

conduct this study.  The study was conducted at the pediatric 
cardiac surgery intensive care unit Mansoura University Child 
Hospital (MUCH).  A Convenience sample of 88 pediatric patients 
with cardiac anomalies who undergoing total repair surgeries, 
intubated for mechanical ventilation and had an indwelling arterial 
catheter as part of their evaluation in postoperative period were 
included in the study.   The exclusion criteria included pediatric 
patients with low cardiac output, palliative surgeries for cyanotic 
congenital heart disease, extreme peripheral vasoconstriction and 
high doses of vasoactive drugs, intravascular dyes, seizures and 
severe anemia.

Tools of data collection

Demographic data  included data related to age, gender, weight, 
diagnosis and operation type. Moreover, clinical relevant data 
included monitoring of Cardiovascular parameters  such as heart 
rate (HR), mean arterial pressure (MAP), pulse pressure (PP),core 
temperature. As well ,  Ventilator parameters were monitored  
including as mode of ventilator, respiratory rate (RR), fraction of 
inspired oxygen (FiO2), post end expiratory pressure (PEEP), peak 
inspiratory pressure (PIP), pressure support (PS) and I: E ratio. 
Finally ,  checking the  hemoglobin level

Tool (2) :  invasive and noninvasive monitoring of arterial 
oxygen saturation and arterial carbon dioxide partial pressure:

Invasive monitoring consisted of SaO2 and PaCO2in addition 
to PH and arterial blood partial pressure of oxygen (paO2). On the 
other hand ,  Noninvasive monitoring included of SpO2 and PetCO2.

Validity and Reliability of Tool
Content validity of tools was revised and ensured by a panel 

of five experts in the field of critical care nursing and medical 
specialties based on the expert’s opinions; the researcher developed 
the last validated form of the tools. The developed and validated 
a tool for invasive and noninvasive monitoring of arterial oxygen 
saturation and arterial carbon dioxide partial pressure comparison 
tool was tested for reliability using Cronbach’s test and its value 
was 0.823.

Pilot Study
 A pilot study was done on 10 subjects to test feasibility and 

clarity of the tools and the necessary modifications were done prior 
data collection such as in pediatrics, pressure-controlled ventilation 
was mostly used rather than volume controlled ventilation so tidal 
volume parameter was canceled. The subjects included in the pilot 
study were excluded from the whole study sample.

Ethical Consideration
Ethical approval was obtained from the research ethics of the 

Faculty of Nursing at Mansoura University. An official consent was 
obtained from hospital administrators at Child Hospital Mansoura 
University to initiate data collection. Informed consent was 
obtained from the child’s mother before enrollment in the study 
after explaining the purpose of the study and emphasized that 
participation in the study is voluntary.

Data Were Collected in Two Phases
Phase I: Preparatory phase

 Adequate preparations for the study subjects and proper 
calibration for pulse oximetry and capnography were performed as 
well; the accuracy of the detected waveform by both devices was 
verified.

Phase II: Implementation phase

 The readings were taken after (15-20) minutes of any procedure 
affecting ABGs results such as after transportation from operating 
room to ICU and every time changes in ventilator parameters had 
been performed as the child should be in a respiratory steady state. 
Later, the simultaneous recording of physiological parameters was 
recorded before taking SpO2 and PetCO2 reading. Then, SpO2 and Pet 
CO2 reading were obtained using monitor (model Infinity Kappa, 
Drager Medical Systems, Inc. Danvers, MA01923 USA), exhaled 
CO2 was continuously monitored through available mainstream 
capnography and SO2 was monitored through finger probe later, 
arterial blood sample was drawn from the arterial catheter (within 
2 minutes) for SaO2 and PaCO2 analysis utilizing arterial blood gas 
analyzer (Siemens, RAPID point 500, Ny10591-5097 USA).Then, 
the reading was recorded.
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Data Analysis 

 All statistical analyses were performed using SPSS for windows 
version 20.0 (SPSS, Chicago, IL). Data were tested for normality 
of distribution prior to any calculations. Continuous data were 
expressed in mean ± standard deviation (SD). Categorical data 
were expressed in number and percentage. The comparisons were 
determined using Student’s t-test for variables with continuous data 
while Chi-square test was used for comparison of variables with 
categorical data. The correlations were tested using the correlation 
coefficient test. Statistical significance was set at p<0.05.

Result
A total 88 mechanically ventilated pediatric patients were 

studied. The data collection took approximately ten months from 
beginning of May 2016 to end of February2017.The age of the 
studied subjects ranged from 3 months to 143 months, median 
of the age was 13 months (interquartile range [IQR] 31 months) 
nearly half of them were infants.  As well, more than half of the 
subjects, (58%) were male while, (42%) were female their body 
weight range from 4kg-50kg (mean 12.5 ±10.6kg). It found that 
two thirds of children hadn’t cyanosis pre-operative (68.2%) while, 
third (28%) of children had cyanosis pre-operative. The baseline 
physiological variables are summarized in Table 1.

The correlation between SaO2 and SpO2 (r= 0.935, 
p<0.001) is shown in Figure 1, as well as the  positive correlation 
between PaCO2and ETCO2 (r= 0.930, p<0.001) is shown in 
Figure 2. The effect of studied variables on the mean differences 
between (SaO2 – SPO2) and (PaCO2 – PetCO2) is illustrated in 
Table 3 & 7 which showed the mean difference between SaO2 – 
SPO2 was significantly correlated to heart rate (P=0.048); PIP 
(P=0.004); PaO2 (P=0.003); SaO2 (P=0.039) and SpO2 (P<0.001). 
Moreover, the mean difference between PaCO2 andPetCO2 was 
also significantly correlated to PIP (P=0.013); PaO2 P=0.042) and 
PetCO2 (P<0.001).

Table 1: The baseline physiological variables (n=88).

Variables Mean ±SD

Heart rate (beat /min) 142.0 ±22.8

MAP (mmHg) 75.6 ±11.3

Pulse pressure (mmHg) 48.5 ±13.0

Core temperature (ºC) 37.3 ±0.5

Respiratory rate (breath /minute) 29.6 ±7.4

Pressure support (cmH2O) 13.0 ±0.5

PIP (cmH2O) 20.3 ±3.6

PEEP (cmH2O) 5.3 ±1.0

FiO2 (%) 41.8 ±8.3

Hemoglobin level 12.7 ±1.2

PaO2 mmHg 158.6 ±57.0

PH 7.45 ±0.06

SaO2% 98.2 ±1.6

PaCO2mmHg 36.9 ±6.9

SpO2% 97.5 ±2.4

PetCO2 mmHg 33.1 ±7.7

Table 2: Comparison between invasive and non-invasive monitoring of 
oxyhemoglobin saturation and carbon dioxide tension.

Readings X ± SD Range Test of  
signifcance

SaO2 (%) 98.2 ±1.6 92-100

SpO2 (%) 97.5 ±2.4 90-100 t= 2.277

Mean (SaO2- SpO2) difference (%) 0.7 ±1.1 p=0.024

PaCO2 (mmHg) 36.9 ±6.9 25-59

PetCO2 (mmHg) 33.1 ±7.7 20-57 t=3.448

Mean (PaCO2-PetCO2) difference 
(mmHg) 3.8 ±2.9 p <0.001

*p value significant ≤0.05

Table 3:  The effect of demographic characteristics on the mean 
difference between (SaO2 – SPO2) and (PaCO2 – PetCO2).

SaO2 – SPO2 Difference PaCO2 – PetCO2 Difference 

Mean ±SD Signifi-
cance

Mean 
±SD Significance

Age
0.95 ±1.05

 

F=2.382

P=0.075

Infant 4.3 ±0.9

Toddler 0.5 ±0.98 2.5 ±2.6

Preschool 0.82 ±1.3 F=1.434 4.5 ±2.3

School 0.42 ±0.90 P=0.239 3.6 ±3.7

Gender
0.84 ±1.10 t=1.173  4.0 ±2.7

Male t=0.844

Female 0.57 ±1.07 P=0.244 3.5 ±3.0 P=0.401

Weight 
0.63 ±1.3 2.7 ±3.7

F=1.619

P=0.204

Under weight

Normal weight 0.78 ±1.1 F=0.266 4.0 ±2.6

Over weight 0.50 ±0.84 P=0.767 4.3 ±1.0

Pre-Operative 
Cyanosis                0.65 ±1.05 t=0.973 3.7 ±2.8

   No       t=0.534

  Yes          0.89 ±1.16 P=0.333 4.0 ±3.0 P=0.595

Table 4:  The effect of cardiovascular variables on the mean difference 
between SaO2 – SPO2 and PaCO2 – PetCO2.

SaO2 – SPO2 difference PaCO2 – PetCO2 differ-
ence

Mean ±SD Significance Mean ±SD Significance

Heart Rate
 

Normal

Tachycardia 1.15 ±0.99 t=2.006 4.8 ±2.0 t=1.785

 0.60 ±1.09 P=0.048 3.5 ±3.0 P=0.078

Pulse Pres-
sure  

 5.3 ±0.6  
Low 1.67 ±0.58

Normal 0.86 ±1.10 F=2.226 4.0 ±2.7 F=1.010

High 0.52 ±1.06 P=0.114 3.4 ±3.0 P=0.368
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MAP
2.0 ±0.0  5.5 ±0.7  

Low

Normal 1.00 ±1.10 F=1.918 4.2 ±2.6 F=0.539

High 0.65 ±1.08 P=0.153 3.7 ±2.9 P=0.585

Core Tem-
perature  

 5.0 ±1.4
Low 1.4 ±1.0

Normal 0.6 ±1.1 F=2.229 3.6 ±3.0 F=1.016

High 1.0 ±1.1 P=0.114 4.3 ±2.5 P=0.366

Table 5: The effect of mechanical ventilator variables on the mean 
difference between SaO2 – SPO2 and PaCO2 – PetCO2.

SaO2 – SPO2difference PaCO2 – PetCO2 Difference

Mean ±SD Significance Mean ±SD Significance

Respiratory 
rate 0.74±1.1 t=0.160 3.8 ±2.9 t=0.114

Normal

Tachypnea 0.69±1.1 P=0.873 3.7 ±2.8 p=0.910

PIP (cmH2O)
0.5 ±1.1 t=2.956 3.3 ±3.1 t=2.543

15 – 20

>20 1.2 ±0.9 P=0.004 4.9 ±1.8 P=0.013

PEEP (cm H2O)
0.7 ±1.1 t=0.623 3.6 ±2.9 t=0.877

<5

>5 0.9 ±1.1 P=0.535 4.2 ±2.5 P=0.383

FiO2 (%)
0.8 ±1.1 t=1.514 3.8 ±3.0 t=0.094

<50

>50 0.3 ±0.9 P=0.134 3.7 ±2.2 P=0.925

I.E ratio
0.8 ±1.1 t=0.809 3.7 ±3.1 t=0.088

1:1 – 1:2

>1:2 0.6 ±1.1 P=0.421 3.8 ±2.7 P=0.930

Table 6: The effect of arterial blood gases parameter on the mean 
difference between SaO2 – SPO2 and PaCO2 – PetCO2.

SaO2 – SPO2 difference PaCO2–PetCO2 Difference

Mean ±SD Significance Mean ±SD Significance

PaO2mmHg
2.0 ±0.01 5.8 ±0.4

F=3.286<80

80 – 100 1.0 ±0.01 F=6.731 5.0 ±0.4

>100 0.46 ±1.09 P=0.003 3.3 ±3.0 P=0.042

SaO2 %
2.0 ±0.01 t=2.097 5.7 ±0.6 t=1.180

     ˂ 95

≥ 95 0.68 ±1.1 P=0.039 3.7 ±2.9 P=0.241

PaCO2mmHg
0.69 ±0.96

F=0.044

3.7 ±2.0
F=0.327<35

35 – 45 0.75 ±1.20 3.4 ±3.4

>45 0.78 ±1.09 P=0.957 4.2 ±2.8 P=0.722

pH
1.75 ±0.5

F=1.885
5.5 ±0.6

F=1.413<7.35

7.35 – 7.45 0.69 ±1.16 3.4 ±3.3

>7.45 0.67 ±1.01 P=0.158 4.1 ±2.3 P=0.249

Table 7: The effect of SpO2 values on the mean difference between SaO2 
– SPO2 difference and the effect of PetCO2 values on the mean difference 
between PaCO2 – PetCO2.

SaO2 – SPO2 Difference

SpO2 % Mean ±SD Significance

˂ 95 2.0 ±0.01 t=4.890

≥ 95 0.53 ±1.03 P<0.001

PaCO2 – PetCO2 Difference

PetCO2 mmHg Mean ±SD Significance

˂ 35 4.8 ±0.96
F=12.509

35-45 2.3 ±3.8

˃ 45 4.3 ±0.75 P<0.001

Figure 1: Correlation between SaO2 (%) and SpO2 (%), Showing 
a significant correlation (r= 0.935, p<0.001).

Figure 2: Correlation between PaCO2 (mmHg) and ETCO2 
(mmHg), Showing a significant correlation (r= 0.930, p<0.001).

Discussion
The analysis of data in the present study showed that there 

was a significant difference between the mean SaO2 and the mean 
SpO2 as well as, between the mean PaCO2and the mean PetCO2.
Regarding pulse oximetry researchers interpreted this difference 
by the fact that the study findings were obtained from critically 
ill pediatric patients; the most likely group of patients to exhibit 
clinical conditions that adversely affect pulse oximetry accuracies 
such as hypoxemia and hypotension as reported by [10] who 
studied comparison between pulse oximeters and arterial oxygen 
saturation in critically ill children. Moreover, another explanation 
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that pulse oximeter manufacturers provide data from studies that 
have been extensively performed on the accuracy of pulse oximetry 
in various adult and pediatric patients and them stated that in 
critically ill patients with SaO2 values of 90 % or higher, the mean 
difference between SpO2 and SaO2 is less than 2 % however, worsen 
when SaO2 is lower than 90 % [16&17].This compatible with the 
mean difference observed between SpO2 and SaO2in the current 
study as oxygenation status was more than 90 %.As well, regarding 
capnography there are clinical conditions that occur from general 
anesthesia and cardiac surgical correction and cause ventilation-
perfusion(V/Q) mismatching such as pulmonary congestion and 
atelectasis which affecting on capnography accuracy supported 
by [18] study who evaluate the difference between ETCO2 and 
PaCO2 in anaesthetized patients and concluded that the difference 
between PaCO2 and ETCO2 can be explained with the theory of 
ventilation-perfusion mismatch which can occur in patients who 
are given general anesthesia or have lung diseases. Moreover, 
another explanation that the difference observed between PaCO2 
and PetCO2 is congruent with the fact that PETC O2 physiologically 
is approximately 2–5 mmHg lower than PaCO2 so that even in 
the healthy lung, the difference between PaCO2 and ETCO2 is not 
usually zero [19-20] and this compatible with the mean difference 
observed between EtCO2 and PaCO2 in the current study.

 Therefore, the difference between the two measurements is 
a fact that must be taken in consideration and the mean (PaCO2- 
PetCO2) difference, as well as the mean (SaO2- SpO2) difference that 
observed in current study closely approximates the true physiologic 
difference and consistent with previously published values.

Further assessment revealed that there was a significant 
positive correlation was found between two methods of measuring 
oxyhemoglobin saturation and those two methods of measuring 
carbon dioxide partial pressure for all studied readings.

Regarding pulse oximetry, because the oxygenation status of 
the studied subjects in the current study was more than 90% so 
that, several studies in agreement with the current study finding 
as, they have shown consistently satisfactory correlation between 
SaO2 and SpO2 readings and less difference was found between two 
techniques in saturation range from 80-100% such as the study 
conducted by [21] on the accuracy of pulse oximetry in children. 
As well, a study was done by [10] who studied the comparison 
between pulse oximeters and arterial oxygen saturation in critically 
ill children.

 Regarding capnography, previous studies that evaluate the 
predictive capability of end tidal carbon dioxide monitoring in 
dif ferent clinical settings are in agreement with the current study 
findings and have shown that EtCO2 is correlated highly withPaCO2 
, they concluded that EtCO2 monitoring displayed a good validity 
to predict PaCO2 and its use may reduce the need for repeated 
ABG analysis such as a study observed by [9] whoevaluated the 
relationship between PaCO2 and EtCO2 in critically ill mechanically 
ventilated neonates and children. As well, in a study done by [22]. 
on the correlation between PaCO2 and EtCO2 in mechanically 

ventilated patients.However, other study findings have indicated 
a poor correlation between ETCO2 with PaCO2 such as a study 
observed by [23]  who studied noninvasive monitoring of carbon 
dioxide in infants and children with congenital heart disease, 
they reported that ETCO2 measurement not accurate predictor of 
PaCO2 in infants and children congenital heart disease especially, in 
patients with cyanotic but, this study in contrast with the criteria 
of subjects in the present study as the studied subjects had done 
surgical correction forcongenital heart defects.

The researchers investigated a number of demographic and 
clinical variables presumed to affect ventilation and oxygenation 
and the findings showed that heart rate had a significant effect 
on differences between SaO2 -SPO2 whereas tachycardia was 
associated with low mean SaO2 – SPO2 difference compared with 
normal heart rate. The researchers interpreted that by the fact that 
post-operative cardiovascular support is frequently being used in 
children undergoing heart surgery to improve cardiac output, so 
the majority of patients were associated with tachycardia as stroke 
volume in pediatric is rate dependent [24].

 The current findings also revealed that PIP has a significant 
effect on the mean difference between (SaO2 – SPO2) and (PaCO2 
– PetCO2) since, high PIP was associated with the highest mean 
difference. The researchers interpreted that by the fact that the 
introduction of positive pressure into the thoracic cavity reduces 
systemic venous return as a result of progressive increases in mean 
airway pressure which affects cardiovascular function by produces 
changes in systemic and pulmonary blood flow [25].

 Moreover, the current study found that the difference between 
(SaO2 – SPO2) readings significantly affected by PaO2 values where 
the high difference between (SaO2 – SPO2) readings affected by low 
PaO2these can interpret with low PaO2 values are associated with 
low SaO2 values related to their relationship through the oxygen 
dissociation curve [6]. Additionally, it was noticed that SaO2 has a 
significant effect on the mean SaO2 – SPO2 difference since, highest 
mean SaO2 – SPO2 difference was associated with SaO2 less than 
95%. This in agreement with [26] findings who reported that as 
SaO2decrease, the higher the rate of disturbances which may occur 
in accuracy between SpO2and SaO2 measurements.

On the other side, it was found that PaO2 has a significant 
effect on the mean (PaCO2 – PetCO2) difference since high PaO2 
was associated with the lowest (PaCO2 – PetCO2) difference. These 
finding may be attributed to the fact that increase PaO2 lead to 
relaxing the pulmonary vasculature by decreasing pulmonary 
vascular resistance (PVR) to improve pulmonary blood flow [27]. 
This in agreement with [28] findings who studied pulse oximetry 
and capnography in lung function laboratories.

Finally, current study findings also revealed that SpO2 value has 
a significant effect on the difference between (SaO2 – SPO2) and the 
highest mean SaO2–SpO2 difference was associated withSpO2less 
than 95%. This is in agreement with the findings of [15] who study 
the efficacy of non-invasive monitoring of arterial oxygen saturation 
and carbon dioxide partial pressure in mechanically ventilated 
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patients and pointed out that lack of pulse oximeter accuracy was 
found, as SpO2values decreased.

It was also found that the PetCO2 value has a significant effect 
on the difference between (PaCO2 – PetCO2)readings whereas the 
highest mean PaCO2 – PetCO2 difference was associated with PetCO2 

less than 35 mmHg, this finding may be attributed to the fact that 
PaCO2 – PetCO2 difference increased with decrease in PetCO2 values 
an increase in PetCO2 is almost always due to an increase in PaCO2 
however, a decrease in PetCO2 doesn’t necessarily correspond 
to a decrease in PaCO2 as in critically ill patients PetCO2can be 
significantly affected with cardiopulmonary perfusion alterations 
which result in changes in the ventilation/perfusion matching and 
increase difference between PaCO2 – PetCO2 readings [29]this is in 
agreement with[11] study on arterial to EtCO2 differences in infants 
and children.

 As well, the highest mean PaCO2 – PetCO2 difference was 
associated with PetCO2 more than 45 mmHg, this finding is in 
agreement with [15] findings who study efficacy of non-invasive 
monitoring of arterial oxygen saturation and carbon dioxide partial 
pressure in mechanically ventilated patients and reported that 
the efficacy of capnography decreased when PetCO2 more than 
45 mmHg because this almost associated with patients having 
underlying lung impairment in which affected lungs are unable 
to ventilate all retained CO2 in the blood which in turn increase 
difference between the two measurements.

Conclusion and Recommendation 
This study demonstrates the utility of SpO2 and EtCO2 values 

as a predictor for SaO2 and PaCO2in the clinical assessment of 
pediatric patients after cardiac surgeries. Though SpO2 and EtCO2 
monitoring do not replace blood gas assessment it can serve as an 
important adjunct in the clinical management of pediatric patients 
and could lower the need for frequent invasive ABG sampling not 
replaces in addition to provides continuous information instead of 
measurements at a specific point. Further study should continue to 
define the utility of SpO2 and EtCO2 as a measure of SaO2 and PaCO2 
in pediatric patients with different body system alterations.
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