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Background. Pneumonia remains a common cause of mortality among children in developing countries. Hypoxaemia is a common
consequence of pneumonia in children.

Objectives. To define the relationship between Hb oxygen saturation (SpO.) and parameters of outcome, duration of supplemental oxygen
and duration of hospitalisation among children with pneumonia.

Methods. A cross-sectional study was carried out at the paediatric wards of a tertiary hospital in North-Central Nigeria. Two hundred
children aged between 2 and 59 months with pneumonia seen at the University of Ilorin Teaching Hospital were recruited consecutively.
Sociodemographic and clinical information regarding the illness was obtained. Hb SpO. of subjects was recorded with a pulse oximeter at
presentation. The primary outcome was the SpO. of the children with pneumonia. Secondary outcome measures were disease outcome,
duration of supplemental oxygen and duration of hospitalisation among children with pneumonia.

Results. The prevalence of hypoxaemia among the children was 41.5% and their mean SpO, was 90.4% (standard deviation (SD) 8.9%).
Surviving children with hypoxaemia had a longer mean (SD) duration of hospitalisation of 6.9 (6.4) days compared with those without
hypoxaemia (4.9 (2.7) days; p=0.001). Children with hypoxaemia spent a longer duration receiving supplemental oxygen compared with
those without hypoxaemia (p=0.001). The case fatality rate from pneumonia was 8.5% (17 deaths). The risk of death among children with
hypoxaemia was 48 times higher than among the non-hypoxaemic children.

Conclusion. Hypoxaemia with increasing severity significantly predicts a longer duration of hospitalisation, duration on supplemental

oxygen and poorer outcome in children with pneumonia.
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E - E Globally, pneumonia is a leading cause of death

=5, among children <5 years old, accounting for >90%

of acute lower respiratory infection-related deaths. In

E Nigeria, pneumonia-related deaths account for 20 -

25% of childhood mortality."! A previous study from

Tlorin in the North-Central region of Nigeria reported a case fatality

rate of 10%.” Hypoxaemia is a major complication of pneumonia,

associated with an increase in the risk of death with increasing

severity of hypoxaemia.” It is often associated with acidosis, organ
dysfunction and multiple complications.

Hypoxaemia can be detected via clinical signs, blood gas
analysis or pulse oximetry. While blood gas analysis represents
the ‘gold standard’ for defining hypoxaemia, its use is limited by
its expense, invasiveness and provision of only a single measure
per sample. However, pulse oximetry has been shown to be
reliable, safe, non-invasive, simple and reproducible, hence most
authors accept it as a detection tool.”’ Pulse oximetry has also
been found to be superior to the use of clinical signs alone in
detecting hypoxaemia.””’ It may be a useful tool in ensuring
the most efficient use of oxygen therapy, which is especially
important in resource-limited settings.

Despite the burden of mortality from pneumonia, there is a
dearth of knowledge regarding the contribution of hypoxaemia to
its outcome in the North-Central region of Nigeria. The objective of
the current study therefore is to describe the relationship between
various levels of Hb oxygen saturation (SpO.) and duration of
hospitalisation, duration on oxygen and mortality, among a group of
hospitalised children with pneumonia.

Methods

This was a descriptive cross-sectional study in which the subjects
were children aged between 2 months and 5 years of age, who
were diagnosed with pneumonia. The study was conducted at the
Emergency Paediatric Unit (EPU) and the Paediatric Medical Ward
(PMW) of the University of Ilorin Teaching Hospital (UITH). The
hospital is a tertiary centre in Ilorin South Local Government Area
of Kwara State in the North-Central geopolitical zone. The EPU and
PMW cater for children from beyond the neonatal period to the age
of 14 years. At the time of this study, the Hb SpO, levels of children
in the emergency room were not routinely measured, and therapeutic
oxygen was commenced based on clinical assessment alone.

The sample size was calculated using the Fisher formula,®” and
a prevalence of pneumonia of 11.1% from a previous study.”’ The
calculated minimum sample size was 151; however, a total of 200
children <5 years old were recruited for the study.

The subjects were children presenting at the EPU with clinical
features comprising a cough of <28 days’ duration, fever, difficult
breathing, age-related tachypnoea (>50 breaths/minute for infants
aged 2 months - 1 year, and >40 breaths/minute for children aged
12 - 59 months), and auscultatory findings of at least one of reduced
breath sound intensity, bronchial breath sounds or crepitations."’ All
consecutive admissions into the EPU with a diagnosis of pneumonia
were enrolled. The study was completed within 12 months (March
2010 - February 2011). Children with sickle cell disease, bronchial
asthma, severe anaemia (haematocrit <15%) and clinical features of
shock, such as cold, clammy extremities, weak, thready pulse and other
parameters of poor peripheral perfusion were excluded from the study.
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The study was approved by the Ethics and Research Committee of the
University of Ilorin Teaching Hospital. Written informed consent was
obtained from all caregivers.

A semistructured questionnaire was administered to obtain the
clinical and sociodemographic data from each subject’s parent.
Clinical observations were made and recorded. Hb SpO. was
measured by attaching a Smartsigns Liteplus CE 0088 pulse oximeter
(Huntleigh Healthcare, UK) to a finger using an appropriately
sized paediatric sensor. This was done as soon as possible after
presentation, before oxygen administration if required. SpO, was
recorded after a stable reading was obtained for at least 1 minute,
while the child was breathing room air. For the purpose of the study,
hypoxaemia was defined as an SpO, of <90% as recorded by pulse
oximetry.” In addition, the various levels of SpO, were categorised
into five groups: >95%, 93 - 95%, 90 - 92%, 86 - 89%, and <85%.

The severity of pneumonia in each subject was graded as mild,
moderate or severe using the British Thoracic Society guidelines on
the management of community-acquired pneumonia in children.”
Subjects with complications of pneumonia at presentation were
considered as having severe pneumonia.” Chest radiographs
were obtained for all subjects within 24 hours of presentation.
Radiographic features were recorded as either normal, presence
of patchy opacities in one or more lobes, or lobar/segmental
consolidation with or without an air bronchogram. The radiograph
findings were corroborated by a consultant radiologist.

All subjects were treated with the most appropriate medications
according to the current institutional guidelines. Each child was
followed up to monitor the admission outcome (survived or
died). The duration on supplemental oxygen (for those given) and
hospitalisation were also documented.

Statistical analyses

Data were analysed using SPSS version 20.0 (IBM, USA) for Windows.
The data collected on the proforma were transferred onto a master
sheet using numerical codes. After the generation of frequency tables
and simple proportions, the X’ and Student’s ¢-tests were used to iden-
tify significant differences for categorical and continuous variables,
respectively. Case fatality rates were calculated for the various cut-offs
of SpO.. Relative risk of death among the hypoxaemic children was
calculated. A p-value of <0.05 was considered significant.

Results
Two hundred patients were recruited, and all patients completed
the study. The mean (SD) age of the children with pneumonia was
14.3 (13.5) months. A total of 113 (56.5%) children were aged
<12 months, 46 (23.0%) were aged 12 - <24 months, 26 (13.0%) were
aged 24 - <36 months, 4 (2.0%) were 36 - <48 months, and 11 (5.5%)
were 48 - <60 months. Overall, 119 (59.5%) patients were male.
Using the defined cut-off for hypoxaemia, namely SpO. <90%,
83 children (41.5%) had hypoxaemia (Table 1). The mean (SD,
range) SpO. was 90.4% (8.9, 47 - 100), while mean (SD) SpO, values
among the hypoxaemic and non-hypoxaemic children were 82.3%
(8.1) and 96.2% (2.8), respectively.

Table 1. SpO:levels in children with pneumonia (N=200)

Levels of SpO. (%) n (%) SpO. mean % (SD)
>95 75 (37.5) 98.0 (1.5)
93-95 24 (12.0) 93.8 (0.9)
90 - 92 18 (9.0) 91.8 (0.4)
86 - 89 34 (17.0) 88.1(1.0)
<85 49 (24.5) 78.2 (8.5)

The mean duration of hospital admission among the subjects
recruited was 5.7 (4.7) days. Table 2 shows that the children who had
hypoxaemia had a significantly longer duration of hospitalisation
compared with those without hypoxaemia (p=0.002).

The mean duration of hospitalisation increased as SpO. levels
decreased. Furthermore, the mean duration of hospitalisation

Table 2. Duration of hospitalisation and hypoxaemia in the
children with pneumonia

Duration of

hospitalisation
(days)
Parameter n (%) Mean (SD) Range p-value
Hypoxaemia
Present (<90%) 83 (41.5) 6.9(6.4) 0.2-33 0.002
Absent 117 (58.5) 4.9 (2.7) 1-19
Levels of SpO- (%)
>95 75(37.5) 42(20* 1-10  0.002
93-95 24(120) 54(27% 1-13
90 - 92 18 (9.0) 6.7 (4.2)*"  3-19
86 - 89 34 (17.0) 7.9 (7.0) 0.3-32
<85 49 (24.5) 6.3 (6.0)*" 0.2-33
Admission outcome
Discharged 183 (91.5) 6.1 (4.7) 1-33 0.001
Died 17 (8.5) 1.9 (3.0) 0-12
Type of pneumonia
Bronchopneumonia 168 (84.0) 5.1 (3.8) 0.2-33 0.001
Lobar pneumonia 32(16.0) 9.0(7.2) 0.3-32
Severity of pneumonia
Moderate 12(6.0) 33(2.1) 2-9 0.072
Severe 188 (94.0) 5.9 (4.8) 0.3-33

“"Duncan multiple range test shows that means with the same symbol are not
statistically different at p<0.05.

Table 3. Duration of hospitalisation among survivors with
hypoxaemia

Duration of
hospitalisation among
survivors (days)

Parameter n (%) Mean (SD) Range p-value
Hypoxaemia
Present 66 (36.1) 8.2 (6.4) 3-33  0.001
Absent 117 (63.9) 4.9 (2.7) 1-19
Levels of SpO;
(%)
>95 75(41.0) 4.2 (2.0)* 1-10  0.001
93-95 24 (13.1) 5.4 (2.7)*" 1-13
90 - 92 18 (9.8) 6.7 (4.2)" 3-19
86 - 89 28 (15.3)  8.9(7.0) 3-32
<85 38 (20.8) 7.7 (6.1)" 3-33

“™Duncan multiple range test shows that means with the same symbol are not
statistically different at p<0.05.
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in children with lobar pneumonia was
significantly longer than the corresponding
values for those with bronchopneumonia
(p=0.001). Among the survivors, the children
with hypoxaemia had a longer duration of
hospitalisation compared with those without
hypoxaemia (p=0.001) (Table 3).

The mean (SD) duration of supplemental
oxygen therapy among all the subjects was
26.3 (34.5) hours. The mean duration on
supplemental oxygen to the children with
hypoxaemia was significantly longer than
the corresponding value recorded in those
without hypoxaemia (p=0.001) (Table 4).
The mean duration of oxygen therapy
in children with pneumonia increased

significantly as the SpO. levels decreased
(p=0.001).

Seventeen of the children with pneumonia
died, giving a case fatality of 8.5%. Of these,
10 (58.8%) were aged <12 months, 3 (17.7%)
were aged 12 - <24 months, and 4 (23.5%)
were aged 24 - <36 months. Twelve (70.6%)
of the 17 children who died were male. All the
children who died had hypoxaemia (Table 5).
The case fatality rate for children with
hypoxaemia was 20.5% with a relative risk
of death of 48 in children with hypoxaemia
compared with those without. Regarding the
various cut-offs for hypoxaemia, there was
a progressive increase in case fatality rate as
SpO: fell to <90% (Table 5).

Table 4. Duration on oxygen therapy and hypoxaemia in the study population

Duration on oxygen (hours)

Parameter n (%) Mean (SD) Range p-value
Hypoxaemia
Present 83 (41.5) 45.1 (41.9) 5-240 0.001
Absent 117 (58.5) 12.9 (19.2) 0-96
Levels of SpO: (%)
>95 75 (37.5) 5.8 (11.9)* 0-48 0.001
93 - 95 24 (12.0) 20.8 (20.6)*" 0-72
90 - 92 18 (9.0) 31.9 (24.8)* 0-96
86 - 89 34 (17.0) 47.2 (47.8)" 6 - 240
<85 49 (24.5) 43.7 (37.9)" 5-194
Severity of pneumonia
Moderate 12 (6.0) 2.8(9.2) 0-72 0.015
Severe 188 (94.0) 27.8 (35.0) 0-240
Admission outcome
Discharged 183 (91.5) 26.0 (34.4) 0 - 240 0.684
Died 17 (8.5) 29.5 (37.0) 5-137

“"Duncan multiple range test shows that the means with the same symbol are not statistically different at p<0.05.

Table 5. Hypoxaemia and mortality among the children with pneumonia

Outcome of admission

Discharged, Died, Case fatality rate,
Parameter n (%) n (%) % (95% CI) Relative risk (95% CI)
Hypoxaemia
Present 66 (79.5) 17 (20.5) 20.5 (13.1 - 30.5) 48.1 (2.9 - 790.0)
Absent 117 (100) 0(0) 0(0.00 - 4.82) -
Levels of SpO,
(%)
>95 75 (100) 0(0) 0.0 =
93-95 24 (100) 0 (0) 0.0 -
90 - 92 18 (100) 0 (0) 0.0 -
86 - 89 28 (81.8) 6(18.2) 17.6 -
<85 38 (78.0) 11 (22.0) 224 =
Total 183 17 8.5 =
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The mean SpO: level recorded of 78.3% (10.9)
among the fatal cases was significantly lower
than the corresponding value of 91.5% (7.8)
recorded among the children who survived
(p=0.001). The relationship between the
recorded pulse oximeter values and various
other parameters is shown in Table 6.

Discussion
The case fatality among the children with
pneumonia in this series was 8.5%. While
this value is slightly higher than the 7.8%
recorded by Johnson et al in Ibadan, an
even higher case fatality value of 10.0%
had been identified in an earlier report
(some 25 years earlier) by Fagbule ef al.”’ in
Ilorin, where the present study was carried
out. The corresponding values from other
countries include 15.0% reported by Nathoo
et al."”in Zimbabwe and 10.5% by Sehgal et
al™ in India. It is worrisome that despite
advances in pneumonia case management,
including appropriate use of antibiotics and
deployment of technology, there has been
only a paltry 15% decrease in case fatality
over the past 25 years. Some of this barely
significant decline may be attributed to more
prompt home recognition of disease severity,
early diagnosis, better defined criteria for
referrals, as well as institutional adoption of
more effective management strategies in the
last few years."""'” However, there still exists
an urgent need to improve pneumonia case
management and its outcome drastically.
The fact that the presence of hypoxaemia
was associated with a significantly higher
pneumonia-related mortality is in accord
with earlier reports.””) Pneumonia interferes
with the process of oxygen exchange at
the alveoli and increases ventilation-
perfusion mismatch. Thus, it is conceivable
that more-severe disease will further limit
oxygen exchange, leading to hypoxaemia.
This emphasises the role of SpO. as a tool
for determining initial disease severity.
Similar reports have shown the presence
of hypoxaemia to correlate with severity of
pneumonia.’? This study further validates
the definition of hypoxaemia as SpO, <90%,
as case fatality rate was nil in children with
SpO: >90%, but progressively increased
with lower SpO, levels. The presence of
hypoxaemia increased the risk of death
48-fold compared with those who were non-
hypoxaemic. The preponderance of children
with severe disease in this study as shown
by a prevalence of hypoxaemia of 42%
compared with 5.8% in The Gambia™" and
6.4% in Kenya!"! provides some explanation
for the wide disparity in the hypoxaemia-
related risk of death. Other reasons may
relate to the smaller sample size in this study
and the possible differing levels of care
provided in these facilities. Nevertheless,
the implication of this dramatic increase in
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Table 6. Pulse oximeter readings and outcome in the children with pneumonia

Pulse oximeter reading (%)

Parameter n (%) Mean (SD) Range p-value
Hypoxaemia
Present 83 (41.5) 82.3 (8.1) 47 - 89 0.001
Absent 117 (58.5)  96.2 (2.8) 91 - 100
Outcome
Discharged 183 (91.5) 91.5(7.8) 55-100 0.001
Died 17 (8.5) 78.3 (10.9) 47 - 89
Severity of pneumonia
Moderate 12 (6.0) 97.1 (2.2) 94 - 100 0.007
Severe 188 (94.0)  90.0 (9.0) 47 - 100

risk of death is the need to evolve systems
for aggressive management of those patients
presenting with hypoxaemia in developing
countries.

In the current study, the duration of
hospital stay was found to be significantly
longer for hypoxaemic children. This obser-
vation is similar to the reported findings in
some earlier studies.'** Indeed, the mean
duration of hospitalisation increased as
the levels of hypoxaemia worsened, with
decreasing SpO, levels. This is attributable
to the longer time required by hypoxaemic
children with pneumonia to recover from the
underlying pathophysiological aberrations
of alveolar hypoventilation and ventilation-
perfusion mismatch.

Supplemental oxygen is given to children
with pneumonia to relieve hypoxaemia.
In the current study, the mean duration
of supplemental oxygen administration
increased with decreasing SpO. and severity
of pneumonia. This has strong implications
in developing countries where oxygen may be
scarce. An identified limitation of the study
was the use of single-point determination of
SpO: rather than a continuous measure, which

would have provided a more accurate guide
to the actual duration for which a patient
requires supplemental oxygen. Nevertheless,
in situations where oxygen supplies are limited
and facilities for monitoring saturation are
not available, initial disease severity may be
a reliable guide to planning the rationing of
such supplies. These data underscore the need
to make pulse oximeters available in healthcare
facilities with the capacity and wherewithal for
administering oxygen therapy to patients.

Conclusion

The prevalence of hypoxaemia in children
<5 years of age hospitalised with pneumonia
is 41.5%, and hypoxaemia significantly
predicts a worse outcome in terms of
mortality, duration of hospitalisation and
oxygen therapy. Thus, it would be essential
for health facilities in developing countries
to have capacity for monitoring SpO. as
a guide to oxygen therapy and aggressive
management.
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