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Abstract Original Research Article

Introduction: Hypoxaemia is common in radiographically confirmed pneumonia. Children are mostly affected by this.
Identification of the clinical signs in early stage can reduce the severity and death rate. Aim of the study: The aim of
this study was to determine the clinical predictors of hypoxaemia in children with WHO defined pneumonia aged 2
months to 59 months. 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. Result: Among 205 cases of pneumonia, hypoxeamia
were 51(24.9%) & non hypoxeamia were 154(75.1%). 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. Majority (91.7%) patients had cough, 184(89.8%). Most of the patients (90.7%) had
crepitations. Three (1.5%) patients were 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 c¢cm and 131(63.9%) had
temperature > 38 °C. Mean age was found 8.5+8.0 months in hypoxemia group and 9.9+11.8 months in non
hypoxemia group. More than half (52.9%) patients were male in hypoxemia group and 106(68.8%) in non hypoxemia
group. Majority (84.3%) patients had severe pneumonia in hypoxemia group and 97(63.0%) in non hypoxemia group.
Nearly two third (60.8%) patients had irritability in hypoxemia group and 58(37.7%) in non hypoxemia group. More
than three fourth (76.5%) patients had severely reduced feeding in hypoxemia group and 65(42.2%) in non hypoxemia
group. Forty five (88.2%) patients had inability to drink or feed in hypoxemia group and 51(33.1%) in non hypoxemia
group. Four (7.8%) patients had unusually sleepy in hypoxemia group but not in non hypoxemia group. Conclusion:
Hypoxaemia was more common in 2 - 11 months infant with pneumonia, male subject and severe pneumonia. Inability
to drink, lethargy, nasal flaring and lower chest indrawing are clinical predictors of hypoxaemia in pneumonia though
their sensitivity and specificity are not up to our expectation. So, those clinical features may be used as predictors of
hypoxaemia in under 5 children with pneumonia in resources limited areas.
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I. INTRODUCTION

Globally, pneumonia is a leading cause of
death among children <5 years old, accounting for
>90% of acute lower respiratory infection-related
deaths [1]. Hypoxaemia is a major complication of
pneumonia, associated with an increase in the risk of
death with increasing severity of hypoxaemia [2].
Definitions of hypoxaemia have not been uniform
being often based on the practicality of limited oxygen

supplies) [3]. Investigators have defined hypoxaemia
from <96.6% to <90% oxygen saturation at sea level
and <85% to <88% at higher altitudes [4]. For
simplicity, a couple of on-going international
multicenter clinical trials for pneumonia therapy are
using cut-offs of <90% at sea level and <88% at higher
altitude to define hypoxaemia [5]. WHO defined
hypoxemia as an SaO, < 90% by pulse oximetry [6].
Hypoxaemia is often associated with acidosis, organ
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dysfunction and multiple complications. Acute
Respiratory infection accounts for 4 million death that
occur in children under 5 years of age each year, two
thirds of these deaths are in infants. Almost all ARI
deaths in young children are due to acute lower
respiratory infection, mostly pneumonia [7]. One
systematic review of the published literature of cohort
studies reporting the frequency of hypoxaemia in
children under 5 years of age with acute lower
respiratory infection and the association between
hypoxaemia and the risk of dying observed the
prevalence of hypoxaemia 47.0% among hospitalized
cases of ARI and 72.0% cases in those with radio
graphically confirmed pneumonia in 23 health centers
from 10 countries [4]. There are many studies which
showed the prevalence of hypoxaemia in ALRI varying
between 4%-83% of the cases [8, 9]. In our country a
study done by Ahammad and Amin, found the
prevalence of hypoxemia in 69.5% cases of pneumonia
[10]. Hypoxaemia is a common and serious
complication in severely ill children [8]. Most severely
ill children with hypoxaemia present with clinical signs
of pneumonia [8, 11]. Hypoxaemia is one of the major
risks of death from pneumonia, and much work has
been carried out looking at clinical signs of hypoxemia
in patients with pneumonia [11-14]. Pulse oximetry is
the most reliable, non-invasive, accurate method of
measuring arterial hemoglobin oxygen saturation
(Sp0O2) in pneumonia®® and also in other illnesses in
children [15, 16]. Nevertheless, many health facilities in
developing countries, where the case fatality of sick
children, including those with pneumonia, is high, do
not have oximetry and experience limited availability
and supply of oxygen [17, 18]. Such is generally the
situation in most of the health centers and hospitals in
Bangladesh. WHO guidelines were modified to include
lethargy /unconsciousness, head nodding, vomiting
everything or convulsion [19]. A recent review of
predictors of hypoxaemia also identified grunting and
nasal flaring along with above mentioned signs [4].
Pulse oximeters, although relatively expensive are very
useful in the detection of early hypoxaemia and require
little maintenance [5]. However, detection of
hypoxemia by use of oxymetry is not feasible in most
situations in developing countries. Therefore, it is
important to accurately identify hypoxaemic children by
use of clinical signs alone. The objective of the current
study is to describe the clinical signs and symptoms for
prediction of hypoxaemia in children with WHO
defined pneumonia aged 2 months to 59 months in
Bangladesh.

1. OBJECTIVES

To determine the clinical predictors of
hypoxaemia in children with WHO defined pneumonia
aged 2 months to 59 months.

I1l. METHODOLOGY & MATERIALS
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 categorize into
two groups:

e  Pneumonia with hypoxemia

e  Pneumonia without hypoxemia

Statistical analyses were carried out by using
the Statistical Package for Social Sciences version 20.0
for Windows (SPSS Inc., Chicago, lllinois, 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
e Children aged 2 - 59 months suffering from
pneumonia on the basis of WHO guideline-
2005).

Exclusion criteria

e Age under 2 months and >60 months.

e Any patients having precodial murmur.

e H/O repeated breathlessness.

e Playful children with breathlessness and
rhonchi

e Children with underlying pathology such as
congenital heart disease, asthma and severe
malnourishment (60% standard weight for age)

e Parents unwilling to give informed written
consent
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IV. RESULT

Figure 1 shows distribution of hypoxaemia and
non hypoxeamia. Among 205 cases of pneumonia,
hypoxeamia were 51(24.9%) & non hypoxeamia were
154(75.1%). Table | 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%) patients had
weight <10 kg, 140(68.3%) had sever pneumonia and
65(31.7%) had pneumonia. Table Il 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 Il 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. Distribution of the study patients by
physical signs is shown in table-1V. 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 V shows the association
between socio demographic characteristics with
hypoxemia. Mean age was found 8.5+8.0 months in
hypoxemia group and 9.9+11.8 months in non
hypoxemia group. More than half (52.9%) patients were
male in hypoxemia group and 106(68.8%) in non
hypoxemia group. Majority (96.1%) patients come from
rural area in hypoxemia group and 142(92.2%) in non
hypoxemia group. The mean weight was found 8.6+2.2
kg in hypoxemia group and 6.9+£3.0 in non hypoxemia
group. Majority (84.3%) patients had severe pneumonia
in hypoxemia group and 97(63.0%) in non hypoxemia
group. The pneumonia and weight were statistically
significant  (p<0.05) between two groups. The
association between symptoms and signs complication
with hypoxemia is shows in table-VI. Nearly two third
(60.8%) patients had irritability in hypoxemia group
and 58(37.7%) in non hypoxemia group. More than
three fourth (76.5%) patients had severely reduced
feeding in hypoxemia group and 65(42.2%) in non
hypoxemia group. Forty five (88.2%) patients had
inability to drink or feed in hypoxemia group and
51(33.1%) in non hypoxemia group. Four (7.8%)
patients had unusually sleepy in hypoxemia group but
not in non hypoxemia group. Which were statistically
significant (p<0.05) but other complications were not
statistically significant (p>0.05) between two groups.

B Hypoxeamia

M Non hypoxeamia

Figure I: Distribution of hypoxaemia and none hypoxeamia among the cases

Table I: 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
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Table I1: 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
Fever 114 55.6
Excessive crying 110 53.7
Severely reduced feeding | 104 55.6
Inability to drink or feed | 96 46.4
Irritability 89 434
Unusually sleepy 4 2.0
Table I11: 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 15
Wheeze 2 1
Continuous grunting 2 1
Respiratory rate (bpm)
2-11 month <50 0 0
>50 56 27.3
12-59 month <40 0 0
>40 149 727
Table 1V: Distribution of the study patients by physical signs (n=205)
Physical signs Number of patients | Percentage
Pallor of palms Present | 3 15
Absent | 202 98.5
Heart rate (bpm) <100 27 13.2
>100 178 86.8
Capillary refill time (sec) | <3 196 95.6
>3 9 44
Hepatomegaly (cm) >2 4 2
<2 201 98
Temperature (°C) <38 74 36.1
>38 131 63.9

Table V: Association between socio demographic characteristics with hypoxemia (n=205)

Socio demographic characteristics | Hypoxemia (h=51) | Non hypoxemia (n=154) | P value
n % n %

Age (in month) | 2-11 38 745 44 28.6
>12 13 25.5 110 71.4
Mean+SD 8.548.0 9.9+11.8 %0.431™
Range (min, max) | 2,45 2,59

Sex Male 27 52.9 106 68.8 ®0.039°
Female 24 47.1 48 31.2

Residence Urban 2 3.9 12 7.8 %0.342"™
Rural 49 96.1 142 92.2

Weight (kg) <10 49 96.1 140 91 0.208"™
11-20 2 3.9 5 3.2
>20 0 0 9 5.8
MeanSD 8.6+2.2 6.9+3.0 %0.001°
Range (min, max) | 3.5, 13.0 3,22.0

Pneumonia Severe pneumonia | 43 84.3 97 63 ®0.004°
Pneumonia 8 15.7 57 37

s=significant, ns= not significant
8P value reached from unpaired t-test
b value reached from chi square test
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Table VI: Association between symptoms and signs complication with hypoxemia (n=205)

Symptoms and signs Hypoxemia (n=51) | Non hypoxemia (n=154) | P value
n % n %

Cough Present | 45 88.2 143 92.9 0.222"™
Absent | 6 11.8 11 7.1

Fever Present | 31 60.8 83 53.9 0.390™
Absent | 20 39.2 71 46.1

Fast breathing Present | 42 82.4 131 85.1 0.644™
Absent | 9 17.6 23 14.9

Breathing difficulty Present | 46 90.2 138 89.6 0.905™
Absent | 5 9.8 16 104

Irritability Present | 31 60.8 58 37.7 0.003°
Absent | 20 39.2 96 62.3

Severely reduced feeding | Present | 39 76.5 65 42.2 0.001°
Absent | 12 235 89 57.8

Excessive crying Present | 31 60.8 79 51.3 0.239"™
Absent | 20 39.2 75 48.7

Inability to drink or feed | Present | 45 88.2 51 33.1 0.001°
Absent | 6 11.8 103 66.9

Unusually sleepy Present | 4 7.8 0 0 0.003°
Absent | 47 92.2 154 100

s=significant, ns= not significant
P value reached from chi square test

V. DISCUSSION

This descriptive study was carried out with an
aim to evaluate the clinical signs and symptoms of
hypoxemia in children with WHO defined pneumonia
and to assess the clinical signs and symptoms between
hypoxemic with non-hypoxemic children of pneumonia
aged 2-59 months. A total of 205 children aged 2-59
months suffering from pneumonia attended inpatient.
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.
Similarly, Ahammad & Amin [10] conducted a cross-
sectional study at Dhaka Shishu Hospital, a total of 164
cases of childhood pneumonia age belonged to 2-
60months confirmed by chest radiograph. 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. Abdulkadir et al., [20]
found similar results where 119 (59.5%) patients were
male. 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. Fast
breathing is a good indicator of radiological pneumonia
[21]. It is used as a predictor of pneumonia has been
evaluated in several studies [21-23]. 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 [10] 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 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 (> 3s), heart rate < 80
beats per min, impaired consciousness with a Blantyre
coma scale < 3, prostration, convulsion on admission,
restlessness and hypothermia [24]. 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
[10]. 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, it
was observed that Mean age was found 8.5+8.0 months
in hypoxemia group and 9.9+11.8 months in non
hypoxemia group. More than half (52.9%) patients were
male in hypoxemia group and 106(68.8%) in non
hypoxemia group. Majority (96.1%) patients come from
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rural area in hypoxemia group and 142(92.2%) in non
hypoxemia group. The mean weight was found 8.6+2.2
kg in hypoxemia group and 6.9£3.0 in non hypoxemia
group. Majority (84.1%) patients had severe pneumonia
in hypoxemia group and 97(63.0%) in non hypoxemia
group. In this current study, 60.8% patients had
irritability in hypoxemia group and 58(37.7%) in non
hypoxemia group. More than three fourth (76.5%)
patients had severely reduced feeding in hypoxemia
group and 65(42.2%) in non hypoxemia group. Forty
five (88.2%) patients had inability to drink or feed in
hypoxemia group and 51(33.1%) in non hypoxemia
group. Four (7.8%) patients had unusually sleepy in
hypoxemia group but not in non hypoxemia group.
Irritability, severely reduced feeding, inability to drink
or feed and unusually sleepy were statistically
significant (p<0.05) between two group but other
complications were not statistically significant
(p>0.05). In this present study, 11(21.6%) patients had
movement during examination in hypoxemia group and
132(85.7%) in non hypoxemia group, was significantly
(p<0.05) higher in Hypoxemia group but other general
examinations were not statistically significant (p>0.05)
between two groups.

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 multi centered and long
duration study for seasonal and altitude variation.
Confounders like bronchiolitis, asthma 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.

V1. CONCLUSION AND RECOMMENDATIONS
Hypoxaemia was more common in 2-11
months infant with pneumonia, male subject and severe
pneumonia. Cough, breathing difficulty and fast
breathing were significantly more common symptoms
and signs of Hypoxaemia. Regarding the respiratory
signs crepitations, rhonchi, and head nodding were
significantly more common in hypoxaemia. Pallor of
palms, Heart rate <100 bpm, Capillary refill time <3
sec, Hepatomegaly >2cm, Temperature <38°C were
significantly more frequent physical signs in
hypoxaemia. Inability to drink, lethargy, nasal flaring
and lower chest indrawing are clinical predictors of
hypoxaemia in pneumonia though their sensitivity and
specificity are not up to our expectation. So, those
clinical features may be used as predictors of
hypoxaemia in under 5 children with pneumonia in
resources limited areas. Visual media might be more
effective for the proper education of the clinical signs of
pneumonia as fast breathing and lower chest wall
indrawing, the key signs of pneumonia. Further study is

recommended hereby with greater methodological
purity and addressing all the limitation to decide on
hypoxemia in pneumonia.
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