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ABSTRACT

Background:Respiratory distress is a common problem in neonates necessitating hospital admission.
Monitoring of oxygen saturation in case of neonatal respiratory distress is essential. Arterial blood gas (ABG)
analysis is the gold standard method for determination of oxygen saturation but is not available in all hospital
in our country. On the other hand, pulse oximetry which is noninvasive, portable and inexpensive and it can
monitor oxygen saturation at any time at any place.

Obijectives: The aim of the study was to compare the oxygen saturation measured by pulse oximetry (SpO,) and
arterial blood gas analysis (SaO,) on neonates with respiratory distress in a tertiary care
hospital.Methods: This cross-sectional study was conducted on 100 neonates presented with respiratory distress
from June 2018 to June 2020 at Dhaka Shishu hospital, Dhaka. Pulse oximetry and arterial blood gas analysis
was done at the same time to measure the oxygen saturation of enrolled neonates with respiratory distress.
Paired t-test was used to compare SpO, with SaO,. Correlation between two quantitative data was performed
using Pearson’s correlation. Statistical analyses of the results were be obtained by using window-based
Microsoft Excel and Statistical Packages for Social Sciences (SPSS-24).

Results:Average gestational ages of the patients were 38 (£1.29) weeks. Fifty-seven percent neonates were
males and 43% were females. Mean birth weight was 2.9 kg. Most common diagnosis among the study
population was transient tachypnea of the newborn (TTN) (29%). Average oxygen saturation measured by ABG
was 92% (£7.8) and by pulse oximetry was 87% (+6.5). This study found significant positive correlation
between the result of pulse oximetry oxygen saturation (SpO,) and arterial oxygen saturation (SaO,) (r =.883)
and also between pulse oximetry oxygen saturation (SpO,) and partial pressure of oxygen (PO,) (r
=.582).Conclusion:This study found significant positive correlation between the oxygen saturation measured by
ABG and pulse oximetry. So, pulse oximetry could be a reliable and accurate noninvasive device for measuring
oxygen saturation, which because of its rapid response time may be an important advance in monitoring
changes in oxygenation and guiding oxygen therapy.
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l. INTRODUCTION

Respiratory distress is one of the commonest disorders encountered frequently in newborns. [1] It
occurs in approximately 7% of babies during the neonatal period and resulting in significant numbers of term-
born infants being admitted to neonatal units. [2, 3] According to the American Academy of Pediatrics,
approximately 10% of neonates need some assistance to begin breathing at birth, with up to 1% requiring
extensive resuscitation. [4] In fact, neonates with respiratory distress are 2—4 times more likely to die than
neonates without respiratory distress. [5] If respiratory distress is prolonged it results in hypoxaemia,
hypercarbia and acidosis which ultimately leads to multi system organ dysfunction. [6] So that newborns in
respiratory distress must be evaluated promptly, accurately and occasionally it is life-threatening which requires
immediate intervention. [7]

Oxygen is the most widely used therapeutic agent in neonatal care. [8] The therapeutic use of oxygen in
neonatal period is considered as double-edged sword because of its beneficial and toxic effects. If
supplementation of oxygen is inappropriate there is chance of development of either hypoxia or hyperoxia. [9]
Hypoxia may lead to pulmonary vasoconstriction, pulmonary hypertension, and neurological and other organ
damage. On the other hand, hyperoxia produces free radical mediated cellular damage. A number of diseases in
the newborn may occur as consequences of oxygen free radicals e.g. retinopathy of prematurity,
bronchopulmonary dysplasia, necrotizing enterocolitis and patent ductus arteriosus etc. [10]

Oxygen saturation is the percentage of haemoglobin molecules bound with oxygen molecules. [11]
Oxygen saturation monitors were designed to detect hypoxemia and potential hypoxia. It is important to the
newborns receiving supplemental oxygen so to decrease the incidence of exposure to hyperoxemia and the risk
of potential deleterious effects of radical oxygen species. [12] During supplementation of oxygen a good
monitoring system is required. There are many monitoring systems of oxygen saturation in newborn infants. In
our perspective, where facilities are inadequate, a convenient, user friendly but reliable monitoring system is
prioritized. [13]

The information provided by blood gas measurements and noninvasive monitoring techniques should
allow the clinician to provide information essential to patient assessment, therapeutic decision making, and
prognostication. [14] Blood gas measurements are important for ill newborns. In case of neonate there is rapidly
changing physiology, difficult access to arterial and mixed venous sampling sites and small blood volumes
presents unique challenges. [15] Arterial blood gas analysis and pulse oximetry provide important information
about oxygenation. The general goals of oxygen therapy in the neonate are to maintain adequate arterial
oxygenation and to minimize cardiac work and the work of breathing. During admission of neonate with
respiratory distress blood gas analysis is one of the commonest routine investigations which provide the
information of acid-base status and to decide about the need for intervention. [16]

Blood gas analysis is technically difficult to obtain, more painful, more expensive and often an extra
needle sticks so its use should be minimal. [17] ABG sample contaminates with bubbles and venous blood. If
the sample takes too long to transport, blood cell metabolism changes the gas concentration. The sample is
transported to the lab by a pressurized pneumatic system which has the tendency to amplify errors caused by gas
bubbles. [18] Storage of blood samples leads to changes in partial pressures of oxygen and carbon dioxide
owing to metabolism and diffusion. Samples should be transported on ice. [19]

Pulse oximetry is often attached to a medical monitor so staff can see a patient's oxygenation at all
times. Most monitors also display the heart rate. Portable, battery-operated pulse oximeters are also available for
home blood-oxygen monitoring. [20] Monitoring of peripheral oxygen saturation (SpO,) by pulse oximetry can
be done either continuously or intermittently (spot check) depending on the clinical status of the patient. [21]
Several factors can disrupt the performance of the pulse oximeter such as poor peripheral perfusion, peripheral
vasoconstriction, hypotension, low pulse pressure and patient’s motion. [22]

1. METHODOLOGY

This cross-sectional study was carried out in the Department ofGeneral Pediatrics, Bangladesh Institute
of Child Health (BICH)Dhaka Shishu (Children) HospitalSher-e-Bangla Nagar, Dhaka. This study was
conducted on 100 neonates presented with respiratory distress from June 2018 to June 2020 at Dhaka Shishu
hospital, Dhaka. Pulse oximetry and arterial blood gas analysis was done at the same time to measure the
oxygen saturation of enrolled neonates with respiratory distress. Paired t-test was used to compare SpO, with
Sa0,. Correlation between two quantitative data was performed using Pearson’s correlation. After taking
consent and matching eligibility criteria, data were collected from patients on variables of interest using the
predesigned structured questionnaire by interview, observation. Statistical analyses of the results were be
obtained by using window-based Microsoft Excel and Statistical Packages for Social Sciences (SPSS-24).
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I11.  RESULTS

Table-1: Distribution of neonates by their age of the study subject. (h=100)

Age group (Days) Frequency
Number Percentage
<3 82 82
3-10 11 11
>10 7 7
Total 100 100
Mean (+SD) 2.67+4.85

Values are presented as frequency, mean or percentage, SD: Standard Deviation.
Table I shows distribution of the neonates by their age, average age of the patients is 2.67 days, 82% patients
were in the age group of < 3 days.

Table I1: Gestational age of the study subjects (n=100
Gestational age (weeks) Frequency

Number Percentage

35 wks. 1 01
36 wks. 11 11
37 wks. 13 13
38 wks. 29 29
39 wks. 25 25
40 wks. 21 21

Total 100 100

Mean (xSD) 38.29+1.29

Table Il shows average gestational age of cases was 38 weeks.

GENDER

= Female = Male

Figure I: Pie diagram showing the distribution of gender in the study subjects.
Figure | show that 57% of the patients were male and 43% female; male female ratio of 1:1.3.

Table I11: Clinical measurements of the subjects (n=100).

Variables Min-Max Mean+SD
Weight (gm) 2100.0-4100.0 2937.7+374.6
Length (cm) 43.00-52.00 48.5+1.7
OFC (cm) 32.00-35.00 34.146.5
Temperature (°F) 97.90-101.00 99.2+0.8
Heart rate (beats/min) 120.00-177.00 153.049.1
Respiratory rate (min) 30.00-100.00 75.1£9.7

Table I11 shows that average body weight was 2937 gm, average length 48.5 cm, and average respiratory rate
was 75.1/min.
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Table IV: Maternal obstetrical history in the study group. (n=100)

Maternal history Frequency
n %
Bad obstetrical history 39 39
Antenatal checkup 62 62
Drugs in 1st trimester 2 2
Illness in 1st trimester 6 6
Fever with rashes 2 2
Oedema 2 2
Hypertension 3 3
DM/APHY/ other illness 20 20
H/O Prolong labor 25 25
H/O Obstructed labor 8 8
Total 100 100

Table 1V shows that 39% mother had bad obstetrical history, 38% mother fail to do antenatal checkup. 20%
suffer with gestational DM, APH and other illness and about 25% mother experienced prolong labour.

Mode Of Delivery

= NVD = Caesarean section

Figure I1: Pie diagram showing the distribution of mode of delivery in the study subjects.
Figure 11 shows 44% mother experienced NVD but 56% case mode of delivery was caesarean section.

Place of Delivery

—

m Home = Hospital

Figure I11: Pie diagram showing the place of delivery of the study subjects.
Figure 111 shows majority of delivery conducted at hospital settings (87%).
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Table V: Clinical features of the study subjects (n=100)

Clinical features Frequency
n %

Respiratory distress 100 100
Apnoea 01 01
Nasal flaring 83 83
Head nodding 34 34
Grunting 38 38
Chest indrawing 96 96
Cyanosis 18 18
Total 100 100

Table V demonstrate that all patient present with respiratory distress among them 83% present with nasal

flaring, 96% present with chest indrawing, 34% present with head nodding, 38% present with grunting, 18%
were cyanosed.

Table VI: Clinical diagnosis of the study subjects (n=100)

n %
TTN 29 29
Birth asphyxia 28 28
MAS 8 8
Neonatal sepsis 20 20
Neonatal pneumonia 10 10
RDS 5 5
Total 100 100

This table demonstrates that most common diagnosis among the study population was transient tachypnea of the
newborn (TTN) which was 29%, followed by birth asphyxia (28%).

Table VII: Descriptive analysis of ABG among the study subjects (n=100)

ABG Minimum Maximum Mean SD
pH 7.14 7.53 7.34 0.08
PCO, 10.00 42.80 24.04 8.04
PO, 37.30 293.00 116.90 52.78
HCO, 4.40 26.70 15.21 4.42
Base Excess -19.70 2.50 -8.03 5.11
0O, Saturation 65.00 99.80 92.85 7.83

Table VII shows arterial blood gas analysis among the study subjects. Average Oxygensaturation was 92% and
average PO, was 116.90.

Table VIII: Oxygen saturation measured by pulse oximetry (SpO,) in study subjects (n=100).

Pulse oximetry Minimum Maximum Mean SD

Oxygen saturation (SpO,) 60.00 95.00 87.28 6.53
This table shows average oxygen saturation measured by pulse oximetry was 87.28%.

Table IX: Comparison of oxygen saturation measured by ABG and Pulse oximetry.

O, saturation Frequency ~ MeantSD
Number Percentage
ABG 92.85+7.8
Normal (>90%) 54 54.0 87.28+6.5
Abnormal (<90%) 46 46.0
Pulse oximetry 87.28+6.5
Normal (>90%) 51 51.0
Abnormal (<90%) 49 49.0

S=significant, P-value reached from paired t test

Table IX shows 54% of oxygen saturation measured by ABG was normal that mean saturation was more than

90%. In case of pulse oximetry this value is about 51%. On the other hand, 46% of ABG oxygen saturation was
found less than 90%.
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Table X: Statistical difference between the oxygen saturation measured by ABG and Pulse oximetry.

O, saturation ABG(n=100) Pulse oximetry (n=100) P value
Normal 54 51
Abnormal 46 49 0.671™
Total 100 100
Mean+SD 92.85+7.8 87.2816.5

P-value reached from Chi-square test, ns= not significant
Table X shows 2 test found no significant difference between oxygen saturation measured by ABG and Pulse

oximetry (p = 0.671).

Table XI: Relationship between the oxygen saturation measured by ABG and Pulse oximetry.
Correlations

Pulse oximetry oxygen

ABG oxygen saturation

saturation (SpO,) (Sa0,)
Pulse oximetry oxygen Pearson Correlation 1 883"
saturation (SpO,) Sig. (2-tailed) .000
Number 100 100
ABG oxygen saturation  Pearson Correlation 883" 1
(Sa0,) Sig. (2-tailed) .000
Number 100 100

Correlation is significant at the 0.01 level (2-tailed)
Table XI demonstrates significant positive correlation between the oxygen saturation measured by ABG and
Pulse oximetry.

Table XI1I: Relationship between pulse oximetry oxygen saturation (SpO,) and Partial pressure of oxygen
(POy) in the study subject.
Correlations

Pulse oximetry oxygen

ABG oxygen saturation

saturation (SpO,) (Sa0,)
Pulse oximetry oxygen Pearson Correlation 1 582"
saturation (SpOy,) Sig. (2-tailed) .000
Number 100 100
ABG oxygen saturation  Pearson Correlation 582" 1
(Sa0,) Sig. (2-tailed) .000
Number 100 100

Correlation is significant at the 0.01 level (2-tailed)
Table XII demonstrates significant positive correlation between SpO, and PO,.

V. DISCUSSION

Significant improvements in oxygen monitoring system have occurred over the last decade based on
both technologic advances and a better understanding of the pathophysiologic characteristics of respiratory
distress. Pulse oximetry arterial oxygen saturation (SpO,) becomes the fifth vital sign in the examination of
every newborn and infant with respiratory system presentation. Pulse oximetry is now available in all hospital
setting and routine use of it has led to reduce Arterial Blood Gas (ABG) measurements. This study was
conducted on 100 neonates presented with respiratory distress admitted to neonatal unit, Dhaka Shishu hospital,
Dhaka within the first four weeks of life. The purposes of this study were to compare the oxygen saturation
measured by pulse oximetry (SpO,) and arterial blood gas analysis (Sa0O,) on neonates with Respiratory Distress
in a Tertiary Care Hospital.

In this study it was observed that mean age of the neonate was 2.7 days that mean 64 hours. A study
done in Aga Khan University, Karachi, Pakistan found mean age of the neonate was 70 hours. [1] Results of this
study are almost similar to our study. But another study found mean age was 143 hours. [23] One important
reason behind this difference might be small sample size (30). In this study mean gestational age at birth was
38.29+1.29 weeks. A study in departments of pediatrics, Cairo University, Egypt found mean gestational age
was 35+3.6 weeks, results of this study is similar to our study. [24] Another prospective study done in Afzalipur
Medical Centre; Iran found average gestational age was 31 weeks. [25] Possible reason behind this difference
might be that their study was done among the preterm infants. There were 57% of neonates were male and 43%
were female in our study which states of male predominance.
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Regarding the characteristics of the study population, mean body weight was 2937.7 gm. A cross
sectional study done in Indonesia found similar body weight that was 2990.0 grams. [23] Average respiratory
rate of our study was 75.1/min. A study found respiratory rate was more than 60/min among all study
population. [1]

Regarding the maternal history we found 61% mother had no bad obstetrical history. In this study 20%
mother suffer with gestational DM, APH and other illness and about 25% mother experienced prolong labour. A
study found most of cases were without history of maternal illness which is about 75% while history of Pre-
eclampsia was observed in (10%) of neonates with respiratory distress, PROM was (6.3%) and ante partum
hemorrhage was (3.7%). [24] As regards the mode of delivery we found that Caesarean section in neonates with
respiratory distress were (56%) of cases, compared to normal vaginal delivery (NVD) were (44%) of cases and
majority of delivery done in hospital settings which was about 87%. A review article also found predominant
mode of delivery was caesarean section. [24]

Regarding the sign symptom of respiratory distress, average respiratory rate in our study was 75/min,
while 83% present with nasal flaring, 96% present with chest indrawing, 34% present with head nodding, 38%
present with grunting, 18% were cyanosed. A descriptive clinical analysis of 205 patients found respiratory rate
was 60/min, while 100% present with nasal flaring, 100% present with chest indrawing, 60% present with
grunting, 39% were cyanosed. [1] Possible reason behind this difference might be large sample size (205).

In our study most common diagnosis among the study population was Transient tachypnea of the
newborn (TTN) which was about 29% followed by birth asphyxia which was about 28%. A prospective study
done in India also found common diagnosis of respiratory distress on term newborn was Transient tachypnea of
the newborn (TTN). [26] On the other hand, in Egypt found RDS was the most common diagnosis. [24]

Regarding arterial blood gas analysis among the study population shows the mean pH of neonates
included in our study it was (7.34 £ 0.08) with a minimum of (7.14) and a maximum of (7.53). Another study
found mean pH of neonates was (7.4 + 0.1) with a minimum of (7.2) and a maximum of (7.6). [24] This result is
almost similar in compare to our study. In our study average arterial oxygen saturation was (92%z=7.8).Jose
found arterial SaO, was (94.4%4.9) which was similar to our study. [27]

In our study found, Average O, saturation measured by pulse oximetry was (87.28%6.5) with a
minimum (60%) and a maximum of (95%). A study done in Cairo University; Egypt found mean O, saturation
measured by pulse oximetry was (90.7%z=7.1). Similar results also found in studies by Castillo. [28]

In this study found significant positive correlation between SpO, and PO,. This was also in agreement
with the results obtained by Doss et al., (2011) who also found there is relationship between SpO, and PO,. The
current study found significant positive correlation between the oxygen saturation measured by ABG and Pulse
oximetry. A similar result was reported by Josefound there was good correlation with SpO, from pulse
oximeters and arterial SaO,. Kugelman also found relationship SpO, and SaO,.

Limitations of the study
The present study was conducted in a very short period due to time constraints and funding limitations.
The small sample size was also a limitation of the present study.

V. CONCLUSION
We conclude that pulse oximetry is a reliable and accurate noninvasive device for measuring oxygen
saturation, which because of its rapid response time may be an important advance in monitoring changes in
oxygenation and guiding oxygen therapy. Routine use of it has led to reduce arterial blood gas measurement in
case of neonatal respiratory distress.

VI. RECOMMENDATION
This study can serve as a pilot to much larger research involving multiple centers that can provide a
nationwide picture, validate regression models proposed in this study for future use and emphasize points to
ensure better management and adherence.
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