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INTRODUCTION 

One of the most frequent causes of morbidity 
and a substantial cause of death among children 
under the age of five is pneumonia.[1] One of the 
most serious complications of pneumonia is 

hypoxaemia, which is linked to an increased 
risk of mortality with increasing severity.[2] 
Compared to children who are not hypoxemic, 
children who have pneumonia are five times 
more likely to die.[3] Researchers defined 
hypoxaemia from <96.6% to <90% oxygen 

Abstract 

Background: Failure to seek early care and delays in hospital diagnosis 
are commonly acknowledged determinants of mortality in childhood 
pneumonia with a higher proportion specially in under developed 
countries like Bangladesh. Rather than detecting pneumonia by only 
signs, pulse oximetry may be a useful tool in ensuring the most 
efficient use of oxygen therapy, which is especially important in 
resource-limited settings. The aim of this study was to assess the 
relation between pulse oximetry and the clinical profile of children 
with pneumonia. Material & Methods: This cross-sectional type of 
descriptive study was conducted in Department of Pediatric, Rangpur 
Medical Collage and Hospital, Rangpur from July 2014 to June 2016. 
This study was carried out on 205 Children aged 2-59 months suffering 
from pneumonia inpatient and outpatient of Pediatric department. 
Results: It was observed that majority (91.7%) patients had 
cough184(89.8%) had breathing difficulty and 173(84.4%) patients had 
fast breathing. It was observed that majority (92.2%) patients had 
ability to cry while examined. Majority (90.7%) patients had 
crepitations. Three (1.5%) patients was found pallor of palms, 178 
(86.8%) patients were heart rate ≥100 beats per minute, 196(95.6%) 
were capillary refill time <3 second, 4(2.0%) hepatomegaly >2 cm and 
131(63.9%) had temperature ≥ 38 °C. It was observed that Hypoxemia 
(≤90%) was found 51(24.9%) of the patients. The mean SpO2 was found 
88.6±4.7 percent with range from 70 to 99 percent. Conclusions: 
Cough, breathing difficulty and fast breathing are most common signs 
of children with pneumonia. Through pulse oximetry test, the 
prevalence of hypoxaemia was found in 24.9% children. 
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saturation at sea level and <85% to <88% at 
higher altitudes.[4] For the sake of convenience, 
a few ongoing multicenter international clinical 
studies for the treatment of pneumonia use cut-
offs of <90% at sea level and <88% at higher 
altitudes to identify hypoxaemia.[5] By pulse 
oximetry, hypoxemia was defined by the WHO 
as SaO2 below <90%.[6] Pulse oximetry is also 
advised by the WHO's Integrated Management 
of Childhood Illness (IMCI) guidelines for 
detecting critically unwell kids with hypoxemia 
who need hospital referrals.[7,8,9] Pulse 
oximeters are infrequently seen at frontline 
institutions in low- and middle-income 
countries, despite their potential to lower 
mortality.[10,11,12,13] Pulse oximetry has been 
utilized in experimental and clinical settings to 
identify hypoxaemia since it is a quick, portable, 
non-invasive, and accurate way to measure 
Sp02.[14] Lower mortality risk has been linked to 
appropriate oxygen therapy based on PO 
results rather than only clinical indicators of 
severity.[15] Low blood oxygen saturation, or 
hypoxaemia, has been found to be a measure of 
severity and a predictor of morbidity and death 
in children with respiratory illnesses. It can be 
seen in a range of different diseases, including 
pneumonia.[16] However, in low- and middle-
income country (LMIC) settings, hypoxaemia is 
typically diagnosed solely based on clinical 
findings. As a result, many of these children 
have a poor prognosis because healthcare 
professionals are unable to quickly identify and 
refer these children, whose lives are in 
danger.[17] Although pulse oximetry is a proven 
and non-invasive tool for diagnosing children 
with hypoxaemia, in countries with limited 
resources, pulse oximeters are rarely accessible 
outside of higher-level clinics.[7] Hypoxemia is 
one of the most deadly side effects of 

pneumonia.15 Because different researchers 
have used different criteria, a study found a 
broad range of hypoxemia prevalence (31 
percent - 72 percent), depending on the severity 
of the disease.4 According to studies from 
Kenya, Zambia, and Zimbabwe, children with 
hypoxia have a risk of dying that is between 1.4 
and 4.3 times greater than that of children 
without it.[5,18] Clinical symptoms, blood gas 
analysis, or pulse oximetry are three ways to 
find hypoxemia. The majority of writers now 
consider pulse oximetry as a reliable, secure, 
non-invasive, straightforward, and 
reproducible detection method.[2] Additionally, 
it has been discovered that the use of pulse 
oximetry outperforms the use of clinical 
symptoms alone in identifying 
hypoxaemia.[19,20] It may be a useful tool in 
ensuring the most efficient use of oxygen 
therapy, which is especially important in 
resource-limited settings. Clinical signs of 
pneumonia, such as tachypnoea, inability to 
drink or breast feed and head- nodding, used in 
the IMCI algorithm, are not able to identify 
hypoxic children with severe pneumonia as 
precisely as pulse oximetry.[21] Consequently, 
many children with severe pneumonia are 
dying because hypoxaemia is not adequately 
recognised and/or oxygen therapy is 
unavailable.[22] This study is aimed to assess the 
relation between pulse oximetry and the clinical 
profile of children with pneumonia. 

Objectives 

To assess the relation between pulse oximetry 
and the clinical profile of children with 
pneumonia. 
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MATERIAL AND METHODS 

This cross-sectional type of descriptive study 
was conducted in Department of Pediatric, 
Rangpur Medical Collage and Hospital, 
Rangpur from July 2014 to June 2016. This study 
was carried out on 205 Children aged 2-59 
months suffering from pneumonia inpatient 
and outpatient of Pediatric department. All the 
clinical information was obtained by preformed 
structured questionnaire. During the physical 
examination, arterial oxygen saturation was 
recorded in all cases using a portable, electrical 
pulse oximeter (NONIN Model- 7500, USA) 
with the sensor device placed over the finger 
(index or middle) or the big toe. A reading was 
noted down. Hypoxemia was defined as an 
arterial oxygen saturation of <90% recorded by 
pulse oximeter. Pneumonia cases were then 
categorized into two groups- 

• Pneumonia with hypoxemia 
• Pneumonia without hypoxemia 

Statistical analyses were carried out by using 
the Statistical Package for Social Sciences 
version 20.0 for Windows (SPSS Inc., Chicago, 
Illinois, USA). A descriptive analysis will be 
performed for all data. The mean values were 
calculated for continuous variables. The 
quantitative observations were indicated by 
frequencies and percentages. Unpaired t-test 
was used to compare continuous variables 
between hypoxemic and non-hypoxemic 
children. Chi-square test and fisher’s exact test 
was used to compare categorical data like 
clinical signs and symptoms. Sensitivity, 
specificity, accuracy, positive predictive value 
(PPV), negative predictive value (NPV), and 
positive or negative likelihood ratios (+ LR) for 
different clinical signs and symptoms in 

predicting the hypoxemia in children with 
pneumonia were evaluated. Multiple logistic 
regression analysis were used to determine; 
which of the clinical sings and symptoms would 
be an independent predictors for predicting the 
hypoxemia in children with pneumonia. 
Results were summarized as odds-ratios (OR) 
and their respective 95% confidence interval 
(CI). A “p” value <0.05 was considered as 
significant. 

Inclusion Criteria 

• Children aged 2 - 59 months suffering from 
pneumonia on the basis of WHO guideline-
2005  

Exclusion Criteria  

• Age under 2 months and ≥60 months. 
• Any patients having precodial murmur. 
• H/O repeated breathlessness. 
• Playful children with breathlessness and 

rhonchi  
• Children with underlying pathology such as 

congenital heart disease, asthma and severe 
malnourishment (60% standard weight for 
age) 

• Parents unwilling to give informed written 
consent 

RESULTS 

[Table 1] shows socio demographic 
characteristics of the study patients, it was 
observed that almost three fourth (72.2%) 
patients belonged to age 2-11 months. The mean 
age was found 9.2±10.0 months with range from 
2 to 59 months. Almost two third (64.9%) 
patients were male and 72(35.1%) were female. 
Male female ratio was 1.8:1. Majority (93.2%) 
patients come from rural area, 189(92.2%) 
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patients had weight ≤10 kg, 140(68.3%) had 
sever pneumonia and 65(31.7%) had 
pneumonia. [Table 2] shows symptoms and 
sign of the study patients, it was observed that 
majority (91.7%) patients had cough, 184(89.8%) 
had breathing difficulty, 173(84.4%) patients 
had fast breathing, 114(55.6%) had fever, 
110(53.7%) had excessive crying, 104(55.6%) 
had severely reduced feeding, 96(46.4%) 
inability to drink or feed and 89(43.4%) had 
irritability. Other results depicted are in this 
table. [Table 3] shows general examination of 
the study patients, it was observed that majority 
(92.2%) patients had ability to cry while 
examined, 143(69.8%) had movement during 
examination, 112(54.6%) were restless or 
irritable, 8(3.9%) were abnormally sleepy and 
6(2.9%) were lethargic/ unconscious. [Table 4] 
shows the distribution of the study patients by 

respiratory signs. Majority (90.7%) patients had 
crepitations, 123(60.0%) had rhonchi, 
104(50.7%) had head nodding, 91(44.4%) had 
nasal flaring and 80(39.0%) intercostal 
indrawing, 39 (19.0%) had lower chest 
indrawing. Other results depicted are in this 
table. Distribution of the study patients by 
physical signs is shown in [Table 5]. Three 
(1.5%) patients was found pallor of palms, 178 
(86.8%) patients were heart rate ≥100 beats per 
minute, 196(95.6%) were capillary refill time <3 
second, 4(2.0%) hepatomegaly >2 cm and 
131(63.9%) had temperature ≥ 38 °C. [Table 6] 
shows peripheral oxygen saturation of the 
study patients, it was observed that Hypoxemia 
(≤90%) was found 51(24.9%) of the patients. The 
mean SpO2 was found 88.6±4.7 percent with 
range from 70 to 99 percent. 

 
Table 1: Distribution of the study patients by socio demographic characteristics (n=205) 
Socio demographic characteristics Number of patients Percentage  

Age (months) 2-11 148 72.2 

≥12 57 27.8 

Mean±SD 9.2±10.0 

Range (min, max) 2, 59 

Sex Male 133 64.9 

Female 72 35.1 

Residence Urban 14 6.8 

Rural 191 93.2 

Weight (kg) ≤10 189 92.2 

11-20 7 3.4 

>20 9 4.4 

Pneumonia Severe pneumonia   140 68.3 

Pneumonia 65 31.7 

 
Table 2: Distribution of the study patients by symptoms and sign (n=205) 
Symptoms and signs Number of patients Percentage  

Cough 188 91.7 

Breathing difficulty 184 89.8 

Fast breathing 173 84.4 
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Fever 114 55.6 

Excessive crying 110 53.7 

Severely reduced feeding 104 55.6 

Inability to drink or feed 96 46.4 

Irritability 89 43.4 

Unusually sleepy 4 2.0 

 
Table 3: Distribution of the study patients by general examination status (n=205) 
General examination status Number of patients Percentage  

Ability to cry while examined 189 92.2 

Movement during examination 143 69.8 

Restless or irritable 112 54.6 

Abnormally sleepy 8 3.9 

Lethargic/ unconscious 6 2.9 

 
Table 4: Distribution of the study patients by respiratory signs (n=205) 
Respiratory signs Number of patients Percentage  

Crepitations 186 90.7 

Rhonchi 123 60 

Head nodding 104 50.7 

Nasal flaring 91 44.4 

Intercostal indrawing 80 39 

Lower chest indrawing 39 19 

Bronchial breath sound 4 2 

Diminished breath sounds 4 2 

Central cyanosis 3 1.5 

Wheeze 2 1 

Continuous grunting 2 1 

Respiratory rate (bpm)     

2-11 month <50 0 0 

 56 27.3 

12-59 month <40 0 0 

 149 72.7 

 
Table 5: Distribution of the study patients by physical signs (n=205) 
Physical signs Number of patients Percentage  

Pallor of palms Present  3 1.5 

Absent 202 98.5 

Heart rate (bpm) <100 27 13.2 

≥100 178 86.8 

Capillary refill time (sec) <3 196 95.6 
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≥3 9 4.4 

Hepatomegaly (cm) >2 4 2 

≤2 201 98 

Temperature (°C)  < 38 74 36.1 

≥38 131 63.9 

 
Table 6: Distribution of the study patients by peripheral oxygen saturation (n=205) 
Peripheral oxygen saturation (%) Number of patients Percentage  

≤90 (hypoxemia) 51 24.9 

>90 (non hypoxemia) 154 75.1 

Mean±SD 88.6±4.7 

Range (min, max) 70, 99 

 
DISCUSSION 

This descriptive study was carried out with an 
aim to evaluate the clinical signs and symptoms 
of hypoxemia in children with pneumonia and 
to measure arterial oxygen saturation with 
pulse oximetry in children with pneumonia 
aged 2-59 months. A total of 205 children aged 
2-59 months suffering from pneumonia at 
Department of Pediatric, Rangpur Medical 
Collage Hospital, Rangpur, during July 2014 to 
June 2016, were included in this study. In this 
current study it was observed that almost three 
fourth (72.2%) patients belonged to age 2-11 
months and the mean age was 9.2±10.0 months 
with ranged from 2 to 59 months. Abdulkadir et 
al.[23] found the mean age was 9.2±10.0 months 
with ranged from under 60 months and most 
(56.0%) of the children with pneumonia were 
aged <12 months Overall, 119 (59.5%) patients 
were male. In this current series it was observed 
that pneumonia was more common in male 
subjects, where almost two third (64.9%) 
patients were male and 35.1% were female and 
male to female ratio was 1.8:1. Similarly, 
Abdulkadir et al.[23] found overall, 59.5% 
patients were male, which is similar with the 
present study. 

In this present series it was observed that 
majority (93.2%) patients come from urban area 
and 92.2% patients had weight ≤10 kg. In this 
current study it was observed more than two 
third (68.3%) of the children had severe 
pneumonia, 31.7% had pneumonia. In this 
study it was observed that majority (91.7%) 
patients had cough, 55.6% fever, 84.4% fast 
breathing, 89.8% breathing difficulty, 43.4% 
irritability, 50.7% severely reduced feeding and 
53.7% had excessive crying. Ahammad & 
Amin,[24] found the clinical symptoms and signs 
were evaluated for their ability to predict 
hypoxaemia. Oxygen saturation was 
determined by pulse oximeter. Hypoxaemia 
was defined as oxygen saturation less than 90%. 
Clinical predictors were evaluated by and also 
by determining sensitivity, specificity, positive 
predictive value (PPV) and negative predictive 
value (NPV). Few combination models were 
also evaluated for their ability to predict 
hypoxaemia. Regarding the general 
examination status, it was observed that 
majority (92.2%) patients had ability to cry 
while examined, 69.8% had movement during 
examination, 54.6% were restless or irritable, 
3.9% were abnormally sleepy and 2.9% were 
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lethargic/ unconscious. Similarly, Ayieko & 
Graham.[25] found the general status was very 
poor with children being comatose sensitivity 
was somewhat improved (49% – 68%) but 
specificity was poor in two of the three studies 
(<80%) Onyango et al.[26] Studies from Gambia, 
Peru and Kenya found signs reflecting the 
general status (impaired arousability, inability 
to feed, no spontaneous movement or not able 
to cry) to be associated with 
hypoxaemia.[26,27,28,29] Regarding the respiratory 
signs it was observed that most (90.7%) of the 
patients had crepitations, 19.0% lower chest 
indrawing, 60.0% rhonchi, 50.7% head nodding 
and 44.4% had nasal flaring. Clinical signs that 
appeared predictive were lower chest wall 
indrawing, nasal flaring, central cyanosis, 
irregular breathing, deep breathing, stridor, 
auscultatory crackles, dullness on percussion, 
respiratory rate ≥ 60 breaths per min, weak 
pulse volume, delayed capillary refill (≥ 3 s), 
heart rate < 80 beats per min, impaired 
consciousness with a Blantyre coma scale < 3, 
prostration, convulsion on admission, 
restlessness and hypothermia.[30]  In another 
study Basnet et al.[31]  reported that the clinical 
signs, if the child was lethargic, had nasal 
flaring, central cyanosis, grunting, chest 
indrawing, tachypnea, tachycardia, fever or 
crepitations on auscultation, significant 
association with hypoxemia was found. In this 
present study, Three (1.5%) patients was found 
pallor of palms, 86.8% patients had heart rate 
≥100 beats per minute, 95.6% capillary refill 
time <3 second, 2.0% hepatomegaly >2 cm and 
63.9% had temperature ≥38 °C. Almost similar 
findings were also observed by Ahammad & 
Amin.[24] Children with pneumonia often 
presented with hypoxaemia and remained 
hypoxaemic for longer compared to those 

without pneumonia. Children with pneumonia 
present with inflammation in the lung 
parenchyma and often experience increased 
oxygen demand and inadequate oxygen supply 
due to the reduction of diffusion of oxygen at 
the level of the blood gas barrier at alveolar 
region of respiratory zone of lung leading to 
hypoxaemia. In this current study, shows 
peripheral oxygen saturation of the study 
patients, it was observed that three fourth 
(24.9%) patients were SpO2 ≤90 (hypoxemia) 
percent. The mean SpO2 was found 88.6±4.7 
percent with range from 70 to 99 percent. 
Prevalence of hypoxemia 38.0% observed by 
Basnet et al.[31] which is comparable with the 
current study. Abdulkadir et al.[23] found the 
prevalence of hypoxaemia among the children 
was 41.5% and their mean SpO2 was 
90.4%±8.9%. Children with hypoxaemia spent a 
longer duration receiving supplemental oxygen 
compared with those without hypoxaemia. 
Ayieko & Graham,[25] reported in their study 
that the prevalence of hypoxaemia, determined 
by pulse oximetry, ranged from 31% to 72%, 
depending on the definition of hypoxaemia 
used, which differ with the current study, may 
be due to the studies were carried out and the 
lack of a uniform definition of hypoxaemia. 
There are wide differences in the criteria used 
for defining hypoxaemia even among studies 
conducted at the same altitude as well as 
geographical variations, racial, ethnic 
differences, and genetic causes. 

Limitations of the study 

In this study, all patient couldn’t be recruited at 
the time of emergency admission which would 
yield better result. The study was uni-centered 
and short duration due to time constraint. So, 
generalization may not be achieved without 
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multi centered and long duration study for 
seasonal and altitude variation. Confounders 
like bronchiolitis, asthama and other related 
reasons were poorly addressed. The present 
study was conducted at a very short period of 
time. Small sample size was also a limitation of 
the present study. Therefore, in future further 
study may be under taken with large sample 
size. 

 

 

CONCLUSIONS 

Cough, breathing difficulty and fast breathing 
are most common signs of children with 
pneumonia. Major physical signs observed 
among the participants was increased heart beat 
per second (≥100 bpm), decreased capillary 
refill time, and high temperature. The difference 
of these physical signs between the hypoxemia 
group and non-hypoxemia group were 
statistically significant. Through pulse oximetry 
test, the prevalence of hypoxaemia was found in 
24.9% children. 
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