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Introduction
Pneumonia is one of the most common global 

childhood illnesses, and it is the most common 
cause of childhood mortality. It has been identifi ed 
as the major “forgotten killer of children” by the 
United Nations Children’s Fund and the World Health 
Organization (WHO).[1] Pneumonia is the leading cause 
of the infection-attributable mortality in under-5-year-old 

children. Recent global estimates indicate that there are 
10 million deaths annually of this age group and that 
99% of these deaths occur in developing countries, 
with 70% caused by infections.[1] Many of these deaths 
are potentially preventable if appropriate clinical and 
laboratory tools are in place to facilitate early detection of 
the pneumonia, identifi cation of the pathogen involved, 
and institution of appropriate therapy or, even better, 
implementation of appropriate vaccination schedules.[2]

The incidence of acute respiratory infection (ARI) in 
children under-fi ve is estimated to be 0.22 episodes 
per child-year in developing countries, translated into 
151 million new episodes each year.[3] Of all community 
pneumonia cases, 7–13% is severe enough to be 
life-threatening and requires hospitalization.[3] In Sudan, 
the estimated numbers of pneumonia episodes in 2004 
was 2 million.[4]
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Pneumonia is responsible for about 21% of all deaths in 
children aged <5 years, and it is estimated that of every 
1000 children born alive, 12–20 will die from pneumonia 
before their fifth birthday.[5] WHO developed a case 
management strategy in the 1980s aiming to reduce deaths 
from pneumonia. This was a cornerstone of the ARI 
program and was later incorporated into the Integrated 
Management of Childhood Illness (IMCI) guidelines, 
which include primary care and hospital-based case 
management.[1] One of the most important basis for the case 
management strategy was that: Hypoxemia is common 
and potentially associated with increased risk of death.[6,7]

Hypoxemia is a common and potentially lethal 
complication of ARI in under-fi ve children, particularly 
among those with severe disease and those living 
at high altitude.[7-9] Hypoxemia prevalence among 
childhood pneumonia cases varies widely between 
geographic regions and at different altitudes, as well 
as with pneumonia severity.[10] 13.3% of WHO-defi ned 
pneumonia cases globally are hypoxemic.[11] In 
lower-lying African countries, prevalence ranges 
from 3% to 10%, whereas in Asia at higher altitudes 
prevalence ranges from 9% to 39%. Hypoxemia at 
baseline also is a common cause of treatment failure in 
hospitalized children with pneumonia.[12] Early detection 
of hypoxemia, and oxygen therapy improves the 
outcome of children with ARI. In developing countries, 
facilities for measuring arterial oxygen saturation are 
not available in most settings, which make it diffi cult 
for health providers to detect hypoxemia in children 
with ARI. Most health providers rely on symptoms and 
signs to identify hypoxemia and start oxygen therapy.[13] 
In the setting of limited resource hospitals, the presence 
of a pulse oximeter might help a lot in early detection 
of hypoxemia.

In Sudan, there is no published data about the 
prevalence of hypoxemia.

The aim of this study is, therefore, to determine the 
prevalence of hypoxemia in under-fi ve children with 
pneumonia in an emergency pediatrics hospital using 
a pulse oximeter.

Subjects and Methods
An observational, cross-sectional, hospital-based study 

was conducted in Mohamed Alamin Hamid Hospital 
for children. It is one of the major pediatrics hospitals 
in Omdurman city at an elevation of 390 m. It is a 350 
beds pediatrics hospital. The frequency of patients seen 
per 24 h is 300–350. About 30–40 are admitted to the ARI 
unit per day, 10–12 of them for 24 h.

The populations of this study were children aged 
from 2 months up to 5 years who presented to the ARI 
emergency unit with an acute history of cough and rapid 
respiration or diffi culty in breathing. Children with 
asthma were excluded. Patients were selected using 
simple random sampling technique.

Data were collected using structured questionnaire. 
Variables included were gender, and age. In addition 
to fi ndings of the history which was obtained from the 
mother about the presence of various symptoms: Cough, 
fever, and difficulty in breathing, rapid breathing, 
diarrhea, irritability, convulsions, feeding pattern, and 
inability to drink/feed.

The clinical examination was done by one of the 
investigators. Children with pneumonia were then 
classifi ed according to the WHO guidelines of acute 
lower respiratory tract infections (ALRIs)[14] into mild, 
severe, and very severe. Children aged 2–60 months who 
presented with chest in-drawing and/or fast breathing 
were classifi ed as having severe pneumonia; children 
with fast breathing and had one or more of the danger 
signs (convulsions, sleepy/diffi cult to awake, unable 
to breastfeed/drink, stridor, fl aring of alae nasi, chest 
in-drawing, and fever) were classifi ed as having very 
severe pneumonia.

Oxygen saturation was measured by a registered nurse 
using a digital pulse oximeter (Geratherm® oxy control, 
Germany) attached to the finger or toe. Recordings 
were taken after stabilization of the pulse oximetry 
reading for 1-min while the child was breathing room 
air. Hypoxemia was defi ned as arterial blood oxygen 
saturation, SpO2, below 90%.

Informed consent was obtained from the guardians 
of all the study participants. The study was performed 
in line with the declaration of Helsinki. Ethical 
approval was obtained from the institutional ethical 
committee.

The data were analyzed using software program SPSS 
version 19.0 (IBM SPSS Statistics). Chi-square tests (2) 
were used to compare means between the groups, and 
statistical signifi cance was defi ned as P < 0.05.

Results
A total of 150 children with pneumonia were enrolled in 

this study. Of them, 86 (57.3%) were males. The children 
were categorized into two age groups: 2 to ≤12 months 
and >12–60 months. There were 48 (32%) in the fi rst 
group [Figure 1].
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The children studied were classified according to 
the severity of the condition. Of the children studied 
7 (4.6%) presented with very severe pneumonia, 
70 (46.7%) with severe pneumonia, and 73 (48.7%) with 
pneumonia [Figure 2].

Of 150 studied children, 42.7% of patients had 
hypoxemia (with pulse oximeter oxygen saturation < 90%), 
36 (56.25%) were in the age group <2 months. Of the 
hypoxic patients, 30 (46.88%) have severe pneumonia 
and 7 (10.94) have very severe pneumonia.

Using inferential statistics hypoxemia was found to 
be more in the small age group (P < 0.001) [Figure 3]. 
Hypoxemia also increased in male sex but not of 
statistical signifi cance (P = 0.72). Hypoxemia signifi cantly 
increased in patients diagnosed as very severe 
disease (P < 0.001) [Figure 4]. Presence of hypoxemia 
was signifi cantly associated with the presence of danger 
signs collectively (P < 0.01).

Discussion
This study revealed that 42.7% of patients who 

were hospitalized and radiologically confi rmed to 
have pneumonia had hypoxemia. These results were 
comparable to what Lozano reported following his 

systematic review of the published literature to 
determine the prevalence of hypoxemia in under-fi ve 
children suffering from acute lower respiratory 
infections from out-patient clinics, emergency 
departments, and hospital wards in 23 health facilities 
from 10 countries.[7] Seventeen published studies 
were found, that included 4021 under-fi ve children 
with ARI, and reported that out-patient children 
with a clinical diagnosis of upper ARI had a low 
risk of hypoxemia (pooled estimate of 6–9%).[7] The 
prevalence increased to 31% and to 43% in patients 
in emergency departments and in cases with clinical 
pneumonia, respectively, and it was even higher 
among hospitalized children (47%) and in those with 
radiographically confi rmed pneumonia (72%).[7]

In other studies done in India hypoxemia prevalence 
was found to be in a range between 23.8%, and 25.7% 
of the study groups, but those studies were conducted 
in the out-patient departments, which included all 
children with ARI and radiological confirmation of 
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pneumonia.[9,15] Other studies revealed a prevalence 
range between 9.3% and 37.5%.[11,16]

This study revealed that hypoxemia was found to 
be more in the small age group (P < 0.001). This is 
in accordance with the results of Basnet et al. who 
found that the number of infants with respiratory 
illness (P = 0.03) and hypoxemia (Odds ratio = 2.21, 95% 
confi dence interval 1.03, 4.76) was signifi cantly higher.[17] 
Furthermore, De Graaff et al. reported that the incidence 
of the intraoperative hypoxemia increased with younger 
age with the highest incidence in neonates.[18]

In the current study, hypoxemia was signifi cantly 
increased in very severe pneumonia. This was found to 
be in consistent with many other studies done to predict 
hypoxemia in children with pneumonia. Zhang, et al., 
showed that clinical severity correlates with case-fatality 
rate, while, nonsevere pneumonia is far more common 
than severe pneumonia, most deaths occur in children 
with severe pneumonia.[19]

The presence of danger signs (convulsions, sleepy/
diffi cult to awake, unable to breastfeed/drink, stridor, 
flaring of alae nasi, chest in-drawing, and fever), 
collectively was found to be signifi cantly associated 
with hypoxemia in this study. This was in concordance 
with study done by Rao, et al., where chest wall 
retraction, which is a sign of severe pneumonia, 
was observed to be the most sensitive indicator of 
hypoxemia (sensitivity = 90%).[9] In the same study 
nasal fl aring (sensitivity = 84%) was also detected as an 
important indicator. Inability to feed which is a danger sign 
according to IMCI and indicator of very severe pneumonia 
was also considered high indicator of hypoxemia in their 
patients with pneumonia (sensitivity = 81%).[9] However, 
it is contradicted by Lodha et al. and Dyke et al. who 
concluded that clinical symptoms and sings alone or 
in combination do not have suffi cient sensitivity and 
specifi city to predict hypoxemia in children with ALRI.[15,20] 
Misdiagnosis of the presence or absence of hypoxemia 
using clinical signs alone is common.[16] A systematic 
review and meta-analysis of prospective diagnostic 
studies that evaluated the accuracy of individual or 
combined clinical symptoms and signs in predicting 
hypoxemia among children aged <5 years with ARI, 
revealed that cyanosis, inability to feed, head nodding, 
respiratory rate >70/min and unresponsiveness/impaired 
arousability had high specifi city but low sensitivity.[19] 
About 20% of hypoxemic children would be missed, and 
17–50% of children given supplemental oxygen would not 
need it in high sensitivity models based on clinical signs.[8]

When used correctly, pulse oximetry can provide 
reliable monitoring with little or no distress to 
the patient,  and is the accepted standard for 
detecting hypoxemia in developing countries. 
Pulse oximetry can correctly identify 20–30% more 
children with hypoxemias than using clinical signs 
alone.[21] Pulse oximetry can ensure the most effi cient 
use of oxygen therapy, which is especially important in 
resource-limited settings. As not all patients with signs 
associated with hypoxemia will have hypoxemia, the 
use of oximetry can also reduce unnecessary oxygen 
use.[8,21-24]

The limitations of this study include that it did not 
study the sensitivity and specifi city of pulse oximeter by 
measuring oxygen saturation using blood gas analyzer, 
which was not available in this hospital. This should also 
be compared with sensitivity, and specifi city of clinical 
signs alone.

Conclusions
The prevalence of hypoxemia was 42.7% among the 

studied population. There was a signifi cant correlation 
between the hypoxemia and small age group, very severe 
pneumonia and presence of danger signs in children 
with pneumonia (P < 0.001). In limited resource settings, 
recording oxygen saturation by the pulse oximeter is 
highly recommended in all patients with pneumonia, 
to avoid potentially fatal complications.
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