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ABSTRACT 

 

Background: Hypoxemia refers to a low oxygen level in the blood, and is a significant morbidity in children. We 

evaluate the incidence, severity and outcome of hypoxemia as well as the prognostic usefulness of selected features in 

hypoxemic children.   

Methods: This was an analytic, cross-sectional study. Participants were acutely-ill children. Data were collected on 

their demography, clinical features, pulse oximetry, diagnoses and outcomes.  Descriptive and inferential analyses 

were done. Multiple logistic regression identified variables that independently predict hypoxemia and outcomes of the 

participants, using odds ratio (OR) and 95% confidence intervals (CI).    

Results: Four hundred and seventy-six children participated in the study with a median (IQR) age of 2.0 (0.92–6.0) 

years; female: male ratio was 1:1. The incidence of hypoxemia was 59.2%; 96 (20.2%) were classified as mild, 62 

(13.0%) as moderate and 124 (26.0%) as severe. Children aged 1–5 years were significantly more likely to have 

hypoxemia compared to those older than five years (OR=0.588, 95% CI: 0.358–0.964, p=0.035).  Acute exacerbation 

of bronchial asthma showed a statistically significant association with hypoxemia severity (χ²=13.616, p<0.001). A 

majority (89.9%) of the participants survived. The overall outcome of participants varied significantly based on SpO₂ 

levels (p=0.025). Severe hypoxemia was strongly linked to mortality (95% CI: 1.292–6.615, p=0.010). 

Conclusions: Hypoxemia is common in childhood emergencies. Age of the affected child and nature of underlying 

disease as well as the severity of hypoxemia influence overall survival. 
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INTRODUCTION 

Hypoxemia is a condition characterized by a reduced 

concentration of oxygen in arterial blood, limiting the 

amount available for aerobic respiration at the cellular 

level.1 This blood oxygen level can be measured directly 

during blood gas analysis or using percutaneous oxygen 

saturation (SpO2) levels in routine clinical practice.2 The 

National Institutes of Health has defined a resting SpO2 

of ≤ 95% as abnormal, although it is frequently correlated 

with clinical symptoms to define severity, as there is no 

definitive cutoff value for tissue hypoxia.3 Hypoxemia is 

also a common morbidity in acutely ill children.4 In a 

multi-hospital survey in Rwanda, hypoxemia was seen in 

18.6% to 22.8% of paediatric patients in the intensive 

care units. 

Likewise, a recent systematic review and meta-analysis 

by Graham et al across 12 hospitals in Nigeria reported 

that about 25% of neonates and 12% of children admitted 

into emergency departments had hypoxemia, inclusive of 

both respiratory and non-respiratory conditions.5 In 

Southwest Nigeria, Orimagunde et al found that the 

overall prevalence of hypoxemia was 28.6% irrespective 

of underlying etiologies, with the highest prevalence seen 

in acute lower respiratory tract infections in under-fives, 

and tetanus among neonates.6 Besides ineffective 

pulmonary gaseous exchange, hypoxemia can also result 

from inefficient oxygen transport from the lungs due to 

sub-optimal hemoglobin levels predisposing to persistent 

hypoxemia or carbon monoxide competition.7 

The severity of hypoxemia can be described as mild 

(SpO2=90-94%), moderate (85-89%) and severe (<85%).8 

Severe hypoxemia often occurs in children with severe 

lower respiratory tract infections and cyanotic congenital 

heart disease.9,10 Nonetheless, hypoxemia can rapidly 

progress if adequate supplemental oxygen is not provided 

irrespective of the patient’s clinical diagnosis.11 Graham 

et al reported a higher prevalence of hypoxemia in the 

neonatal age group related to their anatomic and 

physiologic peculiarities.5 

Neonates have smaller airways and alveolar surfaces for 

gaseous exchange; also, prematurity with limited 

surfactant supply may worsen hypoxemia in this age 

group.12 Significant neurologic dysfunction that can be 

associated with meningoencephalitis with raised 

intracranial pressure can sometimes predispose to severe 

hypoxemia.13  Moreover, both intracardiac and 

extracardiac shunting that occurs in cyanotic congenital 

heart disease and persistent pulmonary hypertension can 

lead to severe refractory hypoxemia and tissue hypoxia 

with dire consequences.14,15 

The outcomes of hypoxemic children can be favourable 

with prompt optimal oxygen supplementation or assisted 

ventilation. Duke et al in Papua New Guinea conducted a 

multi-hospital study which found that implementing low-

flow oxygen in all children with hypoxemia and 

respiratory distress, even those without clinical 

symptoms, led to a reduction in hypoxemia-related 

mortality by 35% over 27 months.16 Graham et al across 

five low-and-middle-income countries (LMICs) and King 

et al in Malawi found that severe hypoxemia was 

associated with paediatric mortality in their acute care 

setting, with mortality rates ranging from five-fold to 

over thirty-fold.17,18 

Higher mortality rates were associated with lower 

oxygenation levels. Furthermore, a systematic review and 

meta-analysis done by Lazzerini et al on the effects of 

hypoxemia on mortality due to lower respiratory tract 

infection in 13 LMICs involving over 20,000 children 

found that hypoxemic children were five times more 

likely to die than those with normal oxygen levels.10 

Considering that hypoxemia is readily detectable by 

point-of-care pulse oximetry and often treatable with 

low-flow nasal oxygen therapy, it is pertinent to 

investigate its burden in every paediatric practice. 

Moreover, in view of an ongoing project on high-flow 

nasal cannula oxygenation in our centre, we evaluate the 

incidence, severity and outcome of hypoxemia in acutely 

ill children in our emergency department. We 

hypothesized that modifiable factors contributed to the 

occurrence of hypoxemia. This study also explored the 

prognostic usefulness of selected clinical parameters in 

hypoxemia.  

METHODS 

Study design 

This study adopted an analytic, cross-sectional design. 

This study took place in the 40-bed children emergency 

rooms (CHERs) of the University of Benin Teaching 

Hospital (UBTH), in southern Nigeria. The CHER 

comprises a Casualty with Triage Area, a Ward and a 

Critical Care Bay. Portable pulse oximeter devices are in 

routine use in CHER.  Multiparameter monitors, 

automated external defibrillator (AED), bubble CPAP 

device, Nasal High Flow Cannula (HFNC) device 

(Airvo2, Fisher & Paykel) and Siaree paediatric 

ventilators (Siaretron 2000 and Falco 202 EVO) are 

available in the critical care bay. 

Participants 

These were children who presented to the emergency 

room with acute illnesses and were admitted during the 

study period. Comorbid disorders in some of the 

participants have been previously described.19  

Inclusion criteria 

Children aged 1 month to 18 years with features of a 

critical or severe illness during the study period. A 

critical illness was defined as the presence of an acute 
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life-threatening disorder which requires an emergent or 

urgent intervention to prevent death.19  

Exclusion criteria 

Neonatal infants were not recruited into this study 

because they were directly admitted into a special care 

baby unit. 

Sample size 

The minimum sample size was determined using the 

formula for cross-sectional study.20 N=Z1-α 2-(P) (1-

P)/d2; where, Z1-α = normal standard deviation for 

confidence level of 95% = 1.96. P=Proportion of acutely-

ill children with hypoxemia (we assumed 50%); 

d=margin of error to be tolerated (fixed at 5%).20 This 

was adjusted for a 10% non-response rate.  Altogether, 

476 children were recruited during the study period.  

Sampling method 

This was a total population study of all eligible children 

admitted into CHER during the study period; they were 

consecutively recruited into the study following parental 

consent.   

Data collection 

Data were collected using a researcher-administered 

questionnaire comprising sections on baseline 

characteristics, pulse oximetry, diagnoses, treatments, 

clinical course and outcome. Also, review of clinical 

documentations on the participants was done to ascertain 

their response to oxygen supplementation and survival. 

Statistical analysis 

Descriptive and inferential analyses of the data were done 

using the IBM Statistical Package for Social Sciences 

(SPSS) version 26.0 for windows. 

Categorical variables were described using frequencies 

and percentages while continuous variables such as age, 

duration of illness and SPO2 levels were described using 

means and standard deviation (SD) or median and 

interquartile range (IQR). The incidence of hypoxemia 

was derived from the proportion of affected participants. 

Bivariate analysis (Pearson chi-square) was done to 

detect any significant association between the descriptive 

variables and hypoxemia. 

Variables that were significant on binary analysis were 

then subjected to multiple logistic regression to identify 

independent predictors of hypoxemia in the participants, 

using adjusted odds ratio (OR) and 95% confidence 

intervals (CI).  P<0.05 was considered significant.  

Ethical consideration 

This research was done as a part of a large study 

evaluating the critical care of paediatric emergencies at 

the centre. Ethical clearance for the study was obtained 

from the Health Research Ethics Committee (HREC) of 

the University of Benin Teaching Hospital. Informed 

consent was obtained from the parents/caregivers of the 

children.     

RESULTS 

Baseline characteristics of the participants (N=476) 

The study comprised 476 participants with a median 

(IQR) age of 2.0 (0.92–6.0) years. The majority, 210 

(44.1%), were between one and five years old, while 145 

(30.5%) were less than one-year old, and 121 (25.4%) 

were older than five years. 

There was a near-equal gender distribution, with 249 

(52.3%) males and 227 (47.7%) females. Ethnic 

distribution showed that 197 (41.4%) participants were 

Benin, while 51 (10.7%) were Igbo, 21 (4.4%) were 

Yoruba, and 5 (1.1%) were Hausa.  

Socioeconomic classification indicated that 299 (62.8%) 

of the participants were in the middle class, 141 (29.6%) 

in the upper class, and 36 (7.6%) in the lower class. Most 

patients, 403 (84.7%), were brought from home, whereas 

40 (8.4%) presented from private hospitals, and 33 

(6.9%) were referred from public health facilities. The 

median (IQR) duration of hospital stay was 2.0 (4.0–7.0) 

days. Further details are shown on Table 1. 
 

Table 1: Baseline characteristics of participants at presentation. 

Characteristics Frequency (N) % 

Age (in years)   

<1 145 30.5 

1-5 210 44.1 

>5 121 25.4 

Median (IQR)  2.0 (0.92 –6.0) 

Gender   

Male 249 52.3 

Female 227 47.7 

Ethnicity   

Continued. 
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Characteristics Frequency (N) % 

Benin 19 41.4 

Igbo 51 10.7 

Yoruba 21 4.4 

Hausa 5 1.1 

Others 202 42.4 

Maternal level of education   

None 21 4.4 

Primary 72 15.1 

Secondary 113 23.7 

Tertiary 270 56.7 

Socioeconomic status   

Upper 141 29.6 

Middle 299 62.8 

Lower 36 7.6 

Religion   

Christianity 470 98.7 

Others 6 1.3 

Source of patient   

Private 40 8.4 

Public 33 6.9 

Home 403 84.7 

Median (IQR) duration of stay (days) 2.0 (4.0–7.0)  

Table 2: Clinical diagnosis among the participants (n=476). 

Clinical diagnosis* Frequency (N) % 

Severe malaria 116 24.4 

Tonsillitis**  191 40.1 

Pneumonia 85 17.9 

Sickle cell crisis 38 8.0 

Upper respiratory tract infection 30 6.3 

Dehydration 39 8.2 

Acute watery diarrhea 38 8.0 

Heart failure 27 5.7 

Epilepsy 24 5.0 

Urinary tract infections 17 3.6 

Tuberculosis 15 3.2 

Asthma 14 2.9 

Meningitis 8 1.7 

Appendicitis 8 1.7 

Malnutrition 6 1.3 

Bronchiolitis 6 1.3 

Acute kidney injury 3 0.7 
*Multiple diagnoses present in some children; **CHER admission due to persistent vomiting or poor oral intake; a common comorbid 

diagnosis. 

Table 3: Incidence and severity of hypoxemia among the participants (n=476). 

Variables Frequency (n=476) %) 

SpO2 levels   

≥95 194 40.8 

<95 282 59.2 

Median (IQR) 92.0 (82.5 – 98.0) 

Severity of hypoxemia    

Mild (90-94) 96 20.2 

Moderate (85-89) 62 13.0 

Severe (<85) 124 26.0 
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Table 4: Factors associated with severity of hypoxemia among the participants. 

Variables 

SpO2 level 

χ2 P value 
Severe 

(n=124) 

N (%) 

Moderate 

(n=62) 

N (%) 

Mild 

(n=96) 

N (%) 

Age group (in years)      

<1 42 (46.7) 22 (24.4) 26 (28.9) 

2.342 0.677 
1-5 59 (44.7) 27 (20.5) 46 (34.8) 

>5 23 (38.3) 13 (21.7) 24 (40.0) 

Gender    

Male 68 (47.6) 28 (19.6) 47 (32.9) 

1.727 0.422 Female 56 (40.3) 34 (24.5) 49 (35.3) 

Socioeconomic status    

Upper 24 (30.8) 18 (23.1) 36 (46.2) 

13.391 0.037* Middle 92 (49.2) 41 (21.9) 54 (28.9) 

Lower 8 (47.1) 3 (17.6) 6 (35.3) 
*Statistically significant 

Table 5: Severity of hypoxemia by clinical diagnosis among the participants. 

Clinical diagnosis 

SpO2 level 

χ2 P value Severe (n=124) 

N (%) 

Moderate 

(n=62) N (%) 

Mild 

(n=96) 

Malaria      

Yes 26 (34.7) 17 (22.7) 32 (42.7) 
4.266 0.122 

No 98 (46.9) 45 (21.5) 64 (30.6) 

Tonsillitis    
 

11.319 

 

0.003* 
Yes 46 (39.7) 18 (15.5) 52 (44.8) 

No 78 (47.0) 44 (26.5) 44 (26.5) 

Pneumonia    
 

0.727 

 

0.703 
Yes 27 (49.1) 11 (20.0) 17 (30.9) 

No 97 (42.7) 51 (22.5) 79 (34.8) 

Sickle cell    

0.295 0.938 Yes 7 (50.0) 3 (21.4) 4 (28.6) 

No 117 (43.7) 59 (22.0) 92 (34.3) 

Upper respiratory tract infection    

0.772 0.689 Yes 6 (35.3) 5 (29.4) 6 (35.3) 

No 118 (44.5) 57 (21.5) 90 (34.0) 

Heart failure    

1.056 0.636 Yes 10 (55.6) 3 (16.7) 5 (27.7) 

No 114 (43.2) 59 (22.3) 91 (34.5) 

Dehydration    

0.817 0.703 Yes 10 (41.7) 4 (16.7) 10 (41.7) 

No 114 (44.2) 58 (22.5) 86 (33.3) 

Asthma    

13.616 <0.001* Yes 11 (100.0) 0 (0.0) 0 (0.0) 

No 113 (41.7) 62 (22.9) 96 (35.4) 
*Statistically significant 

Table 6: Multiple logistic regression for independent predictors of hypoxemia among participants. 

Variables Hypoxemia, SpO2 <95%, N (%) OR 
95% CI 

P value 
Lower Upper 

Age (in years)      

<1 90 (31.9) 0.585 0.342 1.001 0.051 

1-5 132 (46.8) 0.588 0.358 0.964 0.035 

>5* 60 (21.3) 1    

Continued. 
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Variables Hypoxemia, SpO2 <95%, N (%) OR 
95% CI 

P value 
Lower Upper 

Duration of illness      

<5 days 214 (75.9) 0.977 0.503 1.898 0.945 

5-7 days 40 (14.2) 1.614 0.730 3.566 0.237 

>7 days* 28 (9.9) 1    

Clinical diagnosis      

Tonsillitis 119 (42.2) 0.838 0.551 1.276 0.410 

Severe malaria 76 (27.0) 0.650 0.406 1.039 0.650 

Pneumonia 53 (18.8) 0.807 0.479 1.360 0.421 

Heart failure 19 (6.7) 0.453 0.184 1.111 0.084 

Seizures 19 (6.7) 0.288 0.102 0.810 0.018** 

Sickle cell 14 (5.0) 2.106 1.014 4.373 0.046** 

Asthma 8 (2.8) 1.046 0.343 3.189 0.937 
*Reference category, ** Statistically significant; OR = Odd ratio 

Table 7: Overall outcomes of participants with or without hypoxemia. 

SpO2 levels 

Overall outcome 

Fisher’s 

Exact 
P value 

Discharged 

(n=269) 

N (%) 

Dead 

(n=48) 

N (%) 

LAMA 

(n=4) 

N (%) 

Transferred 

(n=155) 

N (%) 

Severe 60 (48.4) 17 (13.7) 0 (0.0) 47 (37.9) 18.726 0.025* 

Moderate 37 (59.7) 11 (17.7) 0 (0.0) 14 (22.6)   

Mild 59 (61.5) 10 (10.4) 1 (1.0) 26 (27.1)   

Normal 113 (58.2) 10 (5.2) 3 (1.5) 68 (35.1)   
*Statistically significant; LAMA = left against medical advice 

Table 8: Adjusted residuals for relationship between SPO2 and Overall outcome of respondents. 

SpO2 levels  Discharged Dead LAMA Transferred 

Severe -2.1 1.6 -1.2 1.5 

Moderate 0.5 2.1 -0.8 -1.8 

Mild 1.1 0.1 0.2 -1.3 

Normal 0.6 -3.0 1.4 1.0 
LAMA = left against medical advice  

Table 9: Relationship between hypoxemia and paediatric mortality. 

Hypoxemia Frequency n=282 (%) 
β  

co-efficient 

95% CI 
P value 

Lower Upper 

Severe 124 (26.0) 2.923 1.292 6.615 0.010** 

Moderate 62 (13.0) 3.969 1.596 9.867 0.003** 

Mild 96 (20.2) 2.140 0.859 5.332 0.103 

Normal*  1    
*Reference category, ** Statistically significant 

Clinical diagnosis and differentials 

The most common clinical diagnosis among the 476 

participants was tonsillitis, affecting 191 (40.1%) often as 

a comorbidity. Severe malaria was diagnosed in 116 

(24.4%), followed by pneumonia in 85 (17.9%) and 

sickle cell crisis in 38 (8.0%). Other notable diagnoses 

included heart failure in 27 (5.7%), epilepsy in 24 (5.0%), 

urinary tract infections in 17 (3.6%), tuberculosis in 15 

(3.2%), asthma in 14 (2.9%). and bronchiolitis 6 (1.3%). 

Acute kidney injury was the least frequent diagnosis, 

identified in 3 (0.7%) as shown on Table 2. Among the 

116 cases of severe malaria, cerebral malaria was the 

most common severity criterion, affecting 48 (41.4%). 

Severe anemia was observed in 42 (36.2%), while 

multiple convulsions occurred in 33 (28.4%). Prostration 

was reported in 24 (20.7%), and persistent vomiting in 21 

(18.1%). Hemoglobinuria and shock were each recorded 

in 3 (2.6%) cases, while acute kidney injury was present 

in 2 (1.7%). 

Incidence and severity of hypoxemia 

Table 3 shows that 282 (59.2%) participants had oxygen 

saturation (SpO₂) levels below 95%, while 194 (40.8%) 

maintained levels of 95% or higher. Among those with 
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hypoxemia (SpO₂ <95%), the severity varied, with 96 

(20.2%) classified as mild (SpO₂ 90–94%), 62 (13.0%) as 

moderate (SpO₂ 85–89%), and 124 (26.0%) as severe 

(SpO₂ <85%). 

Factors associated with severity of hypoxemia 

Socioeconomic status had a statistically significant 

association with the severity of hypoxemia as shown on 

Table 4 (χ²=13.391, p=0.037). Among those in the upper 

socioeconomic class, 24 (30.8%) had severe hypoxemia, 

18 (23.1%) had moderate hypoxemia, and 36 (46.2%) 

had mild hypoxemia. In the middle class, 92 (49.2%) had 

severe hypoxemia, 41 (21.9%) had moderate hypoxemia, 

and 54 (28.9%) had mild hypoxemia. Among those in the 

lower class, 8 (47.1%) had severe hypoxemia, 3 (17.6%) 

had moderate hypoxemia, and 6 (35.3%) had mild 

hypoxemia. Based on adjusted residual analysis for 

relationship between SpO2 and socioeconomic status, 

participants in the upper socioeconomic class had a 

negative association with severe hypoxemia (-2.8) and a 

positive association with mild hypoxemia (2.7), 

suggesting a lower likelihood of severe hypoxemia in this 

group. 

In contrast, those in the middle class had a positive 

association with severe hypoxemia (2.5) and a negative 

association with mild hypoxemia (-2.6), indicating a 

higher likelihood of severe hypoxemia. The lower 

socioeconomic class showed only a slight positive 

association with severe hypoxemia (0.3). These findings 

suggest that individuals in the upper socioeconomic class 

are less likely to experience severe hypoxemia, whereas 

those in the middle class have a relatively higher risk. 

The relationship between age group and severity of 

hypoxemia was not statistically significant (χ²=2.342, 

p=0.677). Also, gender was also not significantly 

associated with hypoxemia severity (χ²=1.727, p=0.422).   

Severity of hypoxemia by clinical diagnosis 

Asthma showed a statistically significant association with 

hypoxemia severity (χ²=13.616, p<0.001). All 11 

(100.0%) participants with asthma had severe hypoxemia, 

with none classified under moderate or mild hypoxemia. 

Among those without asthma, 113 (41.7%) had severe 

hypoxemia, 62 (22.9%) had moderate hypoxemia, and 96 

(35.4%) had mild hypoxemia. This suggests that asthma 

was strongly associated with an increased likelihood of 

severe hypoxemia. Also, tonsillitis showed a statistically 

significant association with hypoxemia severity 

(χ²=11.319, p=0.003). 

Among participants diagnosed with tonsillitis, 46 (39.7%) 

had severe hypoxemia, 18 (15.5%) had moderate 

hypoxemia, and 52 (44.8%) had mild hypoxemia. In 

contrast, among those without tonsillitis, 78 (47.0%) had 

severe hypoxemia, 44 (26.5%) had moderate hypoxemia, 

and 44 (26.5%) had mild hypoxemia. Pneumonia was not 

significantly associated with SpO₂ levels (χ²=0.727, 

p=0.703). Among those with pneumonia, 27 (49.1%) had 

severe hypoxemia, 11 (20.0%) had moderate hypoxemia, 

and 17 (30.9%) had mild hypoxemia. Among those 

without pneumonia, 97 (42.7%) had severe hypoxemia, 

51 (22.5%) had moderate hypoxemia, and 79 (34.8%) 

had mild hypoxemia. The presence of malaria was not 

significantly associated with hypoxemia severity as 

shown on Table 5 (χ²=4.266, p=0.122). 

Independent predictors of hypoxemia 

The logistic regression analysis for factors associated 

with hypoxemia (SpO₂<95%) revealed that age and 

certain clinical diagnoses significantly influenced its 

occurrence (Table 6). Infants younger than one year had a 

borderline significant association with hypoxemia 

(OR=0.585, 95% CI: 0.342–1.001, p=0.051), while 

children aged 1–5 years were significantly more likely to 

have hypoxemia compared to those older than five years 

(OR = 0.588, 95% CI: 0.358–0.964, p=0.035). 

The source of referral and duration of illness did not 

show a statistically significant association with 

hypoxemia. Sickle cell disease showed a significant 

positive association with hypoxemia (OR=2.106, 95% CI: 

1.014–4.373, p=0.046). Also, epilepsy was significantly 

associated with hypoxemia (OR=0.288, 95% CI: 0.102–

0.810, p=0.018), Other conditions, including severe 

malaria, pneumonia, dehydration, diarrhoea, heart failure, 

and upper respiratory tract infections, did not demonstrate 

significant associations with hypoxemia. 

Outcomes of participants with or without hypoxemia 

The relationship between SPO₂ levels and early outcomes 

within the first 24 hours was not statistically significant 

(Fisher’s exact test = 8.366, p=0.190) but the overall 

outcome of participants varied significantly based on 

SPO₂ levels (Fisher’s exact test=18.726, p=0.025). 

Among participants with severe hypoxemia, 60 (48.4%) 

were discharged, 17 (13.7%) died, none left against 

medical advice, and 47 (37.9%) were transferred. In the 

moderate hypoxemia group, 37 (59.7%) were discharged 

and 11 (17.7%) died. Participants with mild hypoxemia 

had better outcomes, with 59 (61.5%) discharged, 10 

(10.4%) deceased. 

Among those with normal SpO₂ levels, 113 (58.2%) were 

discharged, 10 (5.2%) died, 3 (1.5%) left against medical 

advice, and 68 (35.1%) were transferred as shown on 

Table 7a. On post-hoc analysis, the adjusted residuals for 

the relationship between SpO₂ levels and overall 

outcomes indicate varying trends across different 

categories, Table 7. 

Severe hypoxemia was associated with a lower likelihood 

of discharge (-2.1). Moderate hypoxemia was strongly 

associated with death (2.1). Normal SpO₂ levels were 

linked to a lower likelihood of death (-3.0) and an 

increased probability of discharge (0.6) and leaving 
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against medical advice (1.4). These findings reinforce 

that severe and moderate hypoxemia were strongly linked 

to poorer outcomes, particularly increased mortality, 

whereas normal SpO₂ levels were more associated with 

favorable outcomes. 

Hypoxemia and paediatric mortality 

Severe hypoxemia was strongly linked to higher 

mortality, with a β coefficient of 2.923 (95% CI: 1.292–

6.615, p=0.010), indicating that children with severe 

hypoxemia had nearly three times the odds of mortality 

compared to those with normal SpO₂ levels (Table 8). 

Moderate hypoxemia was associated with an even higher 

risk, with a β coefficient of 3.969 (95% CI: 1.596–9.867, 

p=0.003), suggesting nearly four times the likelihood of 

mortality. Mild hypoxemia had no significant impact on 

survival of the participants (p=0.103). 

DISCUSSION 

This study revealed a high incidence of hypoxemia 

among acutely-ill children in the emergency room 

(CHER), comparable to prior reports by Kuti et al in 

Osun and Orimagunde et al in Ibadan that about one third 

of paediatric emergencies are associated with 

hypoxemia.6,21 Our finding is also consistent with the 

recent report of high burden of paediatric hypoxemia of 

over one-fifth of cases across secondary health facilities 

in south-west Nigeria by Graham et al.17 Furthermore, 

researchers in other climes have found that low blood 

oxygen levels are common in childhood disorders 

including non-respiratory illnesses.22,23 

Although mild hypoxemia was the commonest type in 

this study, at least three out of every ten participants had 

moderate or severe hypoxemia, corroborating systematic 

reviews and meta-analyses by Subhi et al and Rahman et 

al over several continents, that severe hypoxemia is 

common in critically-ill children.23,25 Young children 

especially neonates are susceptible to hypoxemia partly 

due to their small residual lung capacity and smaller 

dimensions of their airways, making them prone to 

obstruction hence, preschool children were more likely to 

be hypoxic in this study compared to older children.25  

However, age was not a major determinant of the severity 

of hypoxemia in the participants perhaps due to our 

exclusion of neonatal infants from this study. Socio-

economic status influenced the severity of hypoxemia in 

our participants, possibly influencing the promptness of 

presentation of the children at the health facility, allowing 

the pathologies to worsen, as reported by Simbila et al in 

Tanzania.26 

Primary respiratory illnesses including bronchial asthma 

were significantly associated with severe hypoxemia in 

this study, identical to previous research findings.4,22 

Sickle cell anaemia with acute chest syndrome was 

identified as an independent predictor of the occurrence 

of hypoxemia among our participants, consistent with the 

underlying vaso-occlusive pathophysiologic mechanisms 

of the disorder.27,28 Acute neurologic disorders can be 

associated with impaired ventilation with resultant 

hypoxemia in children observed in the index study but 

prompt resuscitative measures often restore normal 

oxygen saturation in affected children.29 

A majority of our participants improved or stabilized in 

the first twenty hours on admission, reflecting the 

availability of optimal resuscitative measures at the 

paediatric emergency department. However, subsequent 

deterioration was more likely to occur in children with 

severe hypoxemia early on admission; this is apparently a 

reflection of the deficient paediatric critical care capacity 

in the locale as highlighted by Eki-Udoko et al and 

Imarangiaye et al.30,31 Similarly, Akindolire et al opined 

that the unmet need of paediatric critical care services in 

developing settings undermine the survival of acute-ill 

children.32 

Furthermore, nearly one-fifth of children with severe 

hypoxemia died while on admission confirming the 

significant multi-systemic effects of persistent 

hypoxemia.33,34 Özel et al in Turkey found that 

hypoxemia and elevated serum lactate levels were 

associated with mortality of children in their emergency 

department.35 Duration of illness and sources of referral 

did not independently influence the clinical course of the 

participants at the tertiary centre.  

Paediatric mortality is significantly influenced by 

hypoxemia in our study evidenced by the increased odds 

of death children with both moderate and severe 

hypoxemia similar to prior studies.10,18 Graham et al 

found that the case fatality rate of several paediatric 

disorders increased with concurrent hypoxemia. In 

addition, systematic reviews with metanalyses on the 

prognostic value of hypoxemia in children reported 

increased relative risk of death in children and neonates 

with hypoxemia in sub-Saharan Africa and beyond.5,10,23 

Other determinants of mortality in the literature include 

the severity and nature of the underlying illness. 

This has been shown by incorporating SpO2 levels into 

severity of illness scores to predict the survival of 

acutely-ill children. Temessadouno et al showed that 

Paediatric Early Warning System (PEWS) scores greater 

than 6 on admission or a PEWS score greater than 4 after 

24 hours on admission is associated with a six-fold higher 

risk of clinical deterioration and death.36 The paediatric 

index of mortality (PIM) scoring also comprises partial 

pressure of blood oxygen. levels and predicts mortality in 

children.39 This emphasizes the need to ensure optimal 

oxygen saturation in emergency childhood disorders.  

The strength of this study includes the large sample size 

ensuring that the research is adequately powered to detect 

the occurrence of hypoxemia in various paediatric 

emergencies. This also enhances the generalizability of 
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the findings. In addition, both the early and overall 

outcomes of the participants were documented enabling 

the evaluation of the prognostic utility of SPO2 measured 

in childhood disorders. Nonetheless, the levels of 

respiratory supports provided to the participants were not 

explored. Children who showed poor response to 

conventional intranasal oxygen and were escalated to 

high flow nasal canula oxygen (HFNC) therapy or 

continuous positive airway pressure (CPAP) therapy were 

not sub-analyzed due to incomplete data. Prior studies by 

Abiodun et al and Bjorklund et al on non-invasive 

respiratory supports including HFNC have showcased the 

efficacy of these interventions.38,39 Also, outcome of 

some participants who were transferred to the intensive 

care unit were not documented in this index study.  

CONCLUSION  

In conclusion, hypoxemia is common in childhood 

emergencies. Age of the affected child and nature of 

underlying disease as well as the severity of hypoxemia 

influence overall survival. Prompt detection of 

hypoxemia and provision of supplemental oxygen is 

pertinent in children with both respiratory and non-

respiratory acute illnesses.  
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