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Background With an estimated 1 million cases per year, pneumonia ac-

counts for 15% of all under-five deaths globally, and hypoxaemia is one of
the strongest predictors of mortality. Most of these deaths are preventable
and occur in low- and middle-income countries. Bangladesh is among the
six high burden countries with an estimated 4 million pneumonia episodes
annually. There is a gap in updated evidence on the prevalence of hypoxae-
mia among children with severe pneumonia in high burden countries, in-
cluding Bangladesh.

Methods We conducted a secondary analysis of data obtained from icd-
dr,b-Dhaka Hospital, a secondary level referral hospital located in Dhaka,
Bangladesh. We included 2646 children aged 2-59 months admitted with
WHO-defined severe pneumonia during 2014-17. The primary outcome
of interest was hypoxaemia, defined as SpO,<90% on admission. The sec-
ondary outcome of interest was adverse clinical outcomes defined as deaths
during hospital stay or referral to higher-level facilities due to clinical dete-
rioration.

Results On admission, the prevalence of hypoxaemia among children hospi-
talised with severe pneumonia was 40%. The odds of hypoxaemia were high-
er among females (adjusted Odds ratio AOR =1.44; 95% confidence interval
CI=1.22-1.71) and those with a history of cough or difficulty in breathing for
0-48 hours before admission (AOR=1.61; 95% CI=1.28-2.02). Among all
children with severe pneumonia, 6% died during the hospital stay, and 9%
were referred to higher-level facilities due to clinical deterioration. Hypox-
aemia was the strongest predictor of mortality (AOR=11.08;95% CI=7.28-
16.87) and referral (AOR=5.94; 95% Cl=4.31-17) among other factors such
as age, sex, history of fever and cough or difficulty in breathing, and se-
vere acute malnutrition. Among those who survived, the median duration
of hospital stay was 7 (IQR=4-11) days in the hypoxaemic group and 6
(IQR=4-9) days in the non-hypoxaemic group, and the difference was sig-
nificant at P<0.001.

Conclusions The high burden of hypoxaemia and its clinical outcomes call
for urgent attention to promote oxygen security in low resource settings like
Bangladesh. The availability of pulse oximetry for rapid identification and an
effective oxygen delivery system for immediate correction should be ensured
for averting many preventable deaths.

: Data repository name: icddr,b
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Pneumonia accounts for approximately 15% of all under-5 deaths, making it one of the leading causes of mor-
tality in this age group globally [1]. Most of these deaths are preventable and occur in low- and middle-income
countries (LMICs) [2,3]. Considering the high morbidity and mortality burden, the World Health Organisa-
tion (WHO) and UNICEF declared it the major “forgotten killer of children” [4].

Hypoxaemia, defined as low oxygen saturation in arterial blood (peripheral capillary oxygen saturation
(Sp0,)<90%) by the World Health Organization, is a common complication of pneumonia and other acute
lower respiratory infections (ALRIs) with wide variations in prevalence across different clinical severity classi-
fications and geographical areas [5,6]. Hypoxaemia is one of the strongest predictors of mortality among chil-
dren suffering from pneumonia and other ALRIs [7,8]. Most of the hypoxaemia-related deaths can be prevent-
ed by routine assessment, early detection, and rapid correction through appropriate oxygen therapy [9,10].

Bangladesh is one of six high burden countries with an estimated 4 million episodes of clinical pneumonia
and 677000 episodes of severe pneumonia annually among children under-5 years of age [11]. Like many
other LMICs, pneumonia is the primary killer among this age group causing approximately 18% of all un-
der-5 deaths in Bangladesh [12]. Therefore, in addition to achieving high coverage of Pneumococcal vaccine
and Haemophilus influenzae Type b for prevention and ensuring appropriate antibiotic therapy for treatment,
timely management of hypoxaemia is essential to avert these preventable deaths and achieve the 2025 Global
Action Plan for Pneumonia and Diarrhoea (GAPPD) target [13-15].

WHO recommends routine assessment of hypoxaemia at the first point of contact and ensuring oxygen therapy
in inpatient care, but there are significant gaps between policy and actual clinical practices [16,17]. In Bangla-
desh, very few public and private hospitals have the provision for routine assessment of hypoxaemia among
children presenting with pneumonia or other ALRIs [18]. Hence, there are scant data regarding the current
prevalence of hypoxaemia among children with pneumonia. This paper aims to assess the prevalence of hy-
poxaemia, disaggregated by background characteristics and clinical history, among children hospitalised with
WHO-defined severe pneumonia in a non-government hospital in Bangladesh. We also explore the contribu-
tion of hypoxaemia as a predictor of death and referral due to clinical deterioration.

METHODS

Study design: We conducted a secondary analysis of data obtained from icddr,b-Dhaka Hospital, a non-gov-
ernment hospital located in Dhaka, Bangladesh’s capital.

Study settings: The icddr,b-Dhaka Hospital provides treatment to approximately 200000 patients annual-
ly, of which more than half are children under-5 years of age [19]. Most of these patients are from a low-so-
cioeconomic background, principally residing in urban or peri-urban Dhaka. Diarrhoea is the primary entry
point for admission to icddr,b-Dhaka Hospital; however, children with cough and respiratory distress receive
treatment irrespective of their diarrhoea status. Most patients are treated through the short stay ward (less than
24 hours). They are admitted to the special care ward (SCW) if severe complications, including pneumonia
and other ALRIL. The SCW of icddr,b treats on average 1200 under-five children per year, and among which
almost 50% are severe pneumonia cases. There are nine fixed beds in SCW. Extra beds are provided for sick
children when there is a surge of severe patients, including pneumonia. This SCW has mechanical ventilators,
non-invasive ventilation, piped oxygen, cardiac monitors, pulse oximetry, infusion pumps, syringe pumps, and
inotropes and vasopressor drugs. All children with severe pneumonia and hypoxemia used to receive (since
August 2013) locally made low-cost bubble-continuous positive airway pressure (CPAP) as a part of the hos-
pital standard of care.

Participants: In this secondary analysis, we included all children aged 2-59 months admitted to the SCW with
WHO-defined severe pneumonia between 2014 and 2017.

Measurements: All children admitted to SCW were seen by the attending physician, who performed a phys-
ical examination. The hospital on-duty nurses collected the background characteristics (including age) and
the history of illness based on a standard form as a part of routine practice. In addition, they also measured
the height and weight on admission. WHO reference value was used to calculate the z-score and classify the
malnutrition level. The attending nurse also measured SpO, for all children presenting with cough and dif-
ficulty in breathing on admission. A portable pulse oximetry (OxiMax N-600; Nellcor, Boulder, CO, USA)
with a paediatric probe was used for SpO, assessment. The clinical definition of the 2013 version of the WHO
Pocketbook of Hospital Care for Children was used for pneumonia classification [20]. Severe pneumonia was
defined as children with a history of cough and difficulty in breathing with central cyanosis or SpO, <90% or
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Table 1. Background characteristics of children
aged 2-59 months admitted to icddr,b-Dhaka
Hospital with WHO-defined severe pneumo-

severe respiratory distress defined as grunting or very severe chest indrawing or signs of pneumonia according
to WHO Pocket Book of Hospital Care for Children: Guidelines for the Management of Common Childhood
IInesses [20] (=50 breaths per minute in a child aged 2-11 months, and >40 breaths per minute in a child aged
12-59 months), with any of the following danger signs: lethargy, unable to breastfeed or drink, convulsion,
loss of consciousness. We extracted data from electronic individual patient records and included all children
with WHO-defined severe pneumonia for this analysis.

Patient management for pneumonia: Children admitted to the SCW with severe pneumonia received antibi-
otics and supportive care following the WHO-pocket book guidelines [20]. Moreover, they received frequent
monitoring by the clinical team and nutritional support (breast milk, micronutrients, zinc). In addition, all
children with hypoxaemia received O, supplementation through nasal prongs using the locally made bubble
CPAP [21].

Data Analysis: We used Stata version 14.0 [22] for data analysis. The primary outcome of interest was hy-
poxaemia on admission, and we used the WHO recommended cut-off of SpO,<90% [20,23]. The secondary
outcome of interest was adverse clinical outcomes defined as deaths during hospital stay or referral to high-
er-level facilities due to clinical deterioration. We used descriptive statistics (proportion with 95% confidence
intervals) to report the prevalence of hypoxaemia, which was disaggregated by background characteristics (age
and sex), history of illness (number of days suffering from fever and cough or difficulty in breathing before
admission) and presence of comorbidities (severe acute malnutrition- as<-3z score of weight for age). We also
presented the seasonal variations in hypoxaemia prevalence by quarter. The average annual rate of increase
was estimated using the following equation: r= [In(p2/p1)]/(t2-t1), where t1 is the first time point, t2 is the last
time point, p1 is prevalence in t1 and p2 is prevalence in t2. We used multiple logistic regression to present
the relationship of different risk factors (background characteristics such as age and sex, history of illness and
comorbidities) with hypoxaemia status after adjusting for the effect of potential confounders and covariates.
We followed a similar approach to present the relationship between hypoxaemia status and adverse hospital
outcomes (death during hospitalisation or referral to higher-level facilities due to clinical deterioration sepa-
rately and a composite indicator). The risks were presented with adjusted odds ratios (AORs) with 95% con-
fidence intervals (CI). Among those who were alive at the end of their hospital stay, we estimated the median
duration of hospital stay with the inter-quartile range (IQR). Those who died during the hospital stay or left
the hospital against medical advice were treated as missing values for this analysis. The difference in the me-
dian duration of hospital stay by their hypoxaemia status on admission was assessed using the nonparamet-
ric equality of medians test since they were not normally distributed. Shapiro-Wilk and Shapiro-Francia tests
were used for testing the normality of distribution.

Ethical considerations

We obtained routine health data from icddr,b-Dhaka hospital’s patient records.

nia between 2014-17, N=2646 The researchers were not directly involved with services and did not have any
interaction with the patients during the data collection. Ethical approval for this
N % study was obtained from the Institutional Review Board of icddr,b (PR-18054).

Age (months):
2-11 1895 72
12-59 751 28 RESULTS
Sex:
Male 1707 65 A total of 2646 children met the inclusion criteria, and all were included in the
Female 939 35 analysis. Table 1 presents the background characteristics of the children who
History of fever: were included in this analysis. Around 70% of children were aged 2-11 months,
No fever 1101 42 and 65% were male. Approximately 60% of them had a history of fever, and 25%
0-1 days 239 o had a history of difficulty in breathing before admission. Around 42% of them
2-6 days 1040 39 had severe acute malnutrition.
7 or more days 266 10
History of cough or difficulty in breathing: Figure 1 represents the hypoxaemia prevalence disaggregated by background
No respiratory distress 1949 74 characteristics, clinical history, and comorbidities. On admission, the overall prev-
0-48 h 384 14 alence was 40% (95% CI=39%-43%). The prevalence was higher among females
More than 48 h 313 12 (46%; 95% CI=43%-49%) and those who had a history of fever for 0-1 day (47%;
Severe acute malnutrition: 95% CI=41%-54%) and cough or difficulty in breathing for 0-48 hours (53%,
No 1116 42 95% Cl1=48%-58%) before admission. Although not statistically significant, the
Yes 1530 o8 prevalence of hypoxaemia was somewhat higher among the younger age group
Total 2646 100

than that of older children (Figure S1 in the Online Supplementary Document)
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Percentage Figure 2 represents the seasonal variation in hypox-
’ ° * * ° * ®  aemia prevalence between 2014 and 2017. Here the
prevalence (%) is presented with the line-graph, and

2-11months 41 ——
e the number of children hospitalised with severe pneu-
< monia is presented with the column-graphs. Although
12 months - 59 months 38 —
no notable seasonal pattern was observed, the aver-
age annual prevalence increased from 32% in 2014
Male |37 I to 51% in 2018. The average annual rate of increase
3 was around 19%.
Female B Table 2 represents the relationship of various risk
factors with the hypoxaemia status of children. The
No fever 38 = odds of hypoxaemia were higher among females
_ (AOR=1.44; 95% CI=1.22-1.71). It was also high-
:'3_’ 0-1days 47 | er among children who had a history of cough or
5 difficulty in breathing for 0-48 hours on admission
g 260y | . (AOR=1.61;95% CI=1.28-2.02).
I

Among all children admitted with WHO-defined se-
7 or more days |39 _— vere pneumonia, 79% were discharged with medical
advice, 6% died during admission, 9% were referred

S R———— b to a higher-level facility due to clinical deterioration,
£ £ and another 6% left the hospital against medical ad-
35 vice. Among the children with hypoxaemia, a high-
5 £ OAZthours: I — er proportion (13%) died during the hospital stay or
§§ referred to a higher-level facility (17%), in compar-
T E More than 48 hours 43 — ison to those who did not have hypoxaemia (dead
2%, referred 4%) (Supplementary Figure 2). The over-
s No 55 . all case-fatality rate was 7.5% over the study period,
<5 which was significantly (P<0.01) higher among the
g T% children who had hypoxaemia on admission (17.1%),
33 Yes |29 = compared to those who did not (2.1%). Supplemen-
- tary Figure 3 present the trend in case-fatality rate by

o 40 B years.

Figure 3 presents the association between hypoxae-

Figure 1. Hypoxaemia prevalence among children aged 2-59 months ad- : .
8 P P & 8 mia status and adverse clinical outcomes (death or re-

mitted to icddr,b Dhaka Hospital with WHO-defined severe pneumonia

between 2014-17, presented in percentage by background characteristics; ferrals to a higher-level facility due to deterioration in
N=2646. the patient’s condition). Hypoxaemia is the strongest
90
246 250
20 Total —¢—Prevalence - Expon. (Prevalence ) -g
224 S
£
70 203 3
% 198 200 §
3 60 g
e 164 S 1
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Figure 2. Hypoxaemia prevalence among children aged 2-59 months admitted to icddr,b Dhaka Hospital with WHO-de-
fined severe pneumonia between 2014-17, presented in percentage by quarters; N=2646.
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Table 2. Association between various risk factors and hypoxaemia status of chil-

dren aged 2-59 months admitted to icddr,b-Dhaka Hospital with WHO-de-

fined severe pneumonia between 2014-17, presented in odds ratio and adjust-

ed odds ratio, N=2646

[

vao()‘:f;c" " OR (Cl) AOR (Cl)
Age:
2-11 months 41 Reference Reference
12-59 months 38 0.88(0.74,1.05) 0.85(0.71,1.02)
Sex:
Male 37 Reference Reference
Female 46 1.45(1.23,1.7) 1.44(1.22,1.71)
History of fever:
No fever 38 Reference Reference
0-1 days 47 1.48(1.12,1.96) 1.3(0.97,1.75)
2-6 days 41 1.15(0.97,1.37) 1.04 (0.87,1.25)
7 or more days 39 1.06 (0.81,1.4) 1.1(0.82,1.46)
History of cough or difficulty in breathing:
No respiratory distress 37 Reference Reference
0-48 h 53 1.91 (1.53,2.38) 1.61(1.28,2.02)
More than 48 h 43 1.27(1,1.62) 1.1 (0.86,1.42)
Severe acute malnutrition:
No 55 Reference Reference
Yes 29 0.34 (0.29,0.39) 0.35(0.3,0.41)
Total 40

OR — odds ratio, CR — confidence interval, AOR — adjusted odds ratio

Age: 12-59 months

Sex: Female

Fever for 0-1 days
Fever for 2-6 days

Fever for >6 days

Cough or difficulty in breathing for
0-48 hours

Cough or difficulty in breathing for
>48 hours

—

H

predictor of adverse clinical outcomes (AOR=7.59;
95% Cl=5.84-9.86). History of fever for more than
7 days (AOR=1.53; 95% CI=1.05-2.25) was an-
other significant predictor of adverse outcomes.
Hypoxaemia was also the strongest predictor of
mortality (AOR=11.08; 95% CI=7.28-16.87)
and referral (AOR=5.94; 95% CI=4.31-17) inde-
pendently. The details of the multivariable regres-
sion model are presented in Tables S1-S3 in the
Online Supplementary Document).

Figure 4 presents the difference in median duration
for hospital stay by hypoxaemia status on admis-
sion. The median duration was 7 (IQR 4-11) days
among those who had hypoxaemia and 5 (IQR 4-9)
days among those who did not have hypoxaemia.
The difference was significant at P<0.001.

DISCUSSION

We found that the prevalence of hypoxaemia
among children hospitalised with severe pneumo-
nia was 40% on admission. The odds of hypoxae-
mia were higher among females and those with a
history of cough or difficulty in breathing. Hypox-

AOR 0.83 [0.64-1.08]
AOR 1.23 [0.97-1.55]
AOR 1.35 [0.91-1.99]
AOR 1.00 [0.77-1.29]

AOR 1.53 [1.05-2.25]

AOR 1.20 [0.89-1.62]

AOR 0.88 [0.61-1.27]

Severe Acute Malnutrition — AOR 1.26 [0.99-1.60]
Hypoxaemia AOR 7.59 [5.84-9.86]
-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13

Adjusted Odds Ratio

Figure 3. Association of adverse clinical outcomes with hypoxaemia, other background characteristics and history of ill-
ness among children aged 2-59 months admitted to icddr,b Dhaka Hospital with WHO-defined severe pneumonia be-
tween 2014-17, presented in adjusted odds ratio; N =2646.

aemia was the strongest predictor of death or referral to a higher-level facility among other covariates such as
age, sex, history of fever and cough or difficulty in breathing and malnutrition. The median duration of hospi-
tal stay was significantly higher in the hypoxaemic group than in the non-hypoxaemic group.

Hypoxaemia is common among children with pneumonia and requires aggressive correction with oxygen ther-
apy to prevent mortality and long-term consequences. Data to derive the local prevalence of hypoxaemia and
its adverse consequences are crucial for the health care providers to appreciate the importance of routine as-
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25 sessment of hypoxaemia and for policymakers to prioritise relevant
interventions in programme planning. We report the most up-to-
date estimate of the prevalence of hypoxaemia and its adverse clini-

20 cal outcomes in Bangladesh.

The hypoxaemia prevalence (40%) reported in our study is some-
what similar to the systematic review conducted by Lozano et al. in
15 2001 but much higher than the one conducted by Subhi et al. in
2009 [5,6]. However, the 2009 review also reported wide variations
between clinical severity classifications as the prevalence of hypoxae-
mia ranged from 9% to 39% among pneumonia cases in Asia. More-
over, the 2009-review followed the pre-2013 WHO-classification,
including chest indrawing as a sign of severe pneumonia. Chest in-
drawing is a common sign of pneumonia but a relatively weak pre-
dictor of its clinical severity [24-26]. On the contrary, we included
only hospitalised children with severe pneumonia and followed the
R | 2013 WHO-classification, which dropped chest indrawing as a sign

0 of severe pneumonia [20]. Moreover, the hypoxaemia prevalence re-
" Hypeeena:f=674-N Nolhypaxaemis; N-1403 ported in this paper is within the ranges of several other conducted

Figure 4. Box plot of the duration of hospital stay by hypox- in some South-Asian (17% to 57%) and African countries (18% to

aemia status on admission among those who were alive at 57%) and published after 2009 [27-33].
the end of hospital stay (N=2646).

10

The hypoxaemia prevalence reported in this paper is based on chil-
dren admitted in icddr,b-Dhaka hospital, a non-government hospital located in Bangladesh’s capital. We ac-
knowledge that the results are not representative of all types (public and private) and levels (health centre,
primary, secondary, and tertiary) of health facilities in Bangladesh. However, icddr,b mainly deals with prima-
ry cases of pneumonia and serves as the primary point for contact for severe and relatively complicated cas-
es to its catchment population due to its good reputation for pneumonia care in the catchment communities.
It provides all services free of cost, and the majority of patients receiving care from icddr,b-Dhaka hospital is
from a low-socioeconomic background. Hence, it is comparable to the district- and upazila- (sub-district level
public hospitals where people with access to less financial resources predominately seek free-of-cost services.
Another important consideration is the issue of selection bias. Although the icddr,b-Dhaka hospital is special-
ised for treating diarrhoea, all children meeting the criteria for hospitalisation based on the WHO-pneumo-
nia-classifications were offered admission irrespective of their diarrhoea status and other comorbid conditions
[20]. All eligible children admitted to the special care ward were included in this analysis. Hence, we are con-
fident that the prevalence estimate is not majorly influenced by selection bias. Lastly, the accuracy and reli-
ability of hypoxaemia measurements are critical to the internal validity of the relevant estimates. In our study,
SpO, assessment was included as a part of the routine assessment on admission, and trained nurses measured
the SpO, status with handheld pulse oximetry with an appropriate paediatric probe. The clinical assessment
and physical examination were conducted by trained doctors, which added additional value to the validity of
relevant measurements. Moreover, our study was conducted immediately after completing the randomised
control trial on bubble CPAP in icddr,b-Dhaka hospital [21]. Therefore, the knowledge, skill, and behaviour
of the clinical team responsible for the management of pneumonia were optimum, resulting in almost univer-
sal assessment and documentation of hypoxaemia status among all children admitted with a history of cough
or difficulty in breathing. It explains the unusually low level of data missingness regarding hypoxaemia status
on admission in our study.

We found that hypoxaemia on admission was associated with a short history of cough or difficulty in breath-
ing, as reported by the parents. The association was less strong with a relatively long history. The severity of
complications on admission can explain this. Parents are more likely to seek care from a hospital with a short
history of acute respiratory complaints if they perceive it as more severe or the condition deteriorates rapid-
ly. Gender preference in care-seeking practices can explain the difference observed in hypoxaemia prevalence
among boys and girls. A survey with a nationally representative sample in Bangladesh found that boys were
more likely than girls to be taken to a health facility or provider (46% and 31%, respectively) for acute respi-
ratory infections [12]. Similarly, other studies based in hospital settings demonstrated a sex-based disparity in
the severity of pneumonia and deaths among children admitted to hospitals in Bangladesh [34-37]. Therefore,
it is highly likely that the female children included in our analysis were brought to the hospital in a more crit-
ical stage than their male counterparts. We found that hypoxaemia on admission was strongly associated with
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the nutritional status. Although we found a negative association, another study conducted in similar settings
did not find any significant associations between nutritional status and hypoxaemia [38].

We present the hypoxaemia prevalence disaggregated by 16 quarters between 2014 and 2017. Although we
did not find any notable seasonal variation, the hypoxaemia prevalence increased at an average annual rate of
around 19% during this period. The introduction of PCV and Hib vaccine in the national immunisation pro-
grammes in several countries, including Bangladesh, resulted in a significant reduction in bacterial pneumonia,
which has consequently made RSV and other viruses the common pathogens causing pneumonia among chil-
dren [39-43]. This change in the pneumonia aetiology may shift clinical features, including hypoxaemia, as ap-
proximately 20% of the hospitalised children with respiratory syncytial virus-acute lower respiratory infections
(RSV-ALRI) have hypoxaemia [44]. This may explain the change in hypoxaemia prevalence that we observed
during the study duration. Another potential explanation could be the pneumonia care-seeking practice in Ban-
gladesh. According to the Bangladesh Demographic and Health surveys, care-seeking for parents reported acute
respiratory infection from the medically trained provider had increased from 20% in 2004 to 40% in 2017,
implying that the parents are more aware of pneumonia-related symptoms and complications [12]. Hence, ap-
propriate care-seeking practices from health facilities and formal health care providers may have contributed
to better capturing the more complicated cases, including hypoxaemia, through hospital-based assessments.

PAPERS

There is significant debate regarding clinical prognostic factors, in addition to SpO, status, that can be used
in routine care to assess the severity of pneumonia and mortality [7,45]. Our analysis also found that several
background characteristics, clinical history, and other comorbid conditions such as severe acute malnutrition
are associated with hypoxaemia status on admission. This finding is consistent with another Gambian study
which reported a rapid respiratory rate, grunting, and absence of a history of fever were the best independent
predictors of hypoxaemia among children aged 2-33 months [46]. Further studies are necessary to draw in-
sights into the association between hypoxaemia and severe acute malnutrition. However, it is challenging to
develop a predictive model based on these signs and symptoms, which can reliably and accurately identify
hypoxaemia. A systematic review reported that several clinical signs alone or in combination have high sensi-
tivity but very low specificity of predicting hypoxaemia, which substantially minimises its usability in clinical
settings [47]. There are also major issues regarding the validity and reliability of clinical assessment by health
service providers [48-51]. Regarding the recall of pneumonia-related clinical symptoms by caregivers, both
the sensitivity and specificity were poor [52].

In our study, the case fatality rate of children hospitalised with severe pneumonia was around 7.5%. A large
retrospective observational study in Malawi estimated the case fatality rate of 6.6% based on more than 100 000
hospitalised pneumonia cases from 40 hospitals [53]. Another study conducted in a multi-speciality referral
hospital in Chennai also reported a case fatality rate of around 8% among clinical pneumonia cases [54]. Al-
though the rates reported in these two studies are similar to the rate reported in our study, there is a poten-
tial difference in the case-mix. The Malawian study used the pre-2013 WHO-pneumonia classification, which
included both severe and non-severe cases, whereas we used the 2013 WHO-pneumonia classification. The
Malawian study also reported a higher case fatality rate (12%) among children with very severe pneumonia
than that of our study. This may be because Malawi has a high burden of HIV. Moreover, after the successful
bubble CPAP trial, icddr,b-Dhaka hospital introduced routine assessment of hypoxaemia on admission and
use of bubble CPAP for hypoxaemia management as the standard of care [21]. The overall clinical knowledge
and pneumonia management skills of icddr,b-Dhaka hospital staff also improved due to the rigorous imple-
mentation of the bubble CPAP trial and its follow up roll-out in routine practice. The high level of awareness
and sensitivity regarding pneumonia and hypoxaemia management may have reduced severe pneumonia-re-
lated deaths in this clinical setting.

We report that hypoxaemia is a powerful predictor of adverse clinical outcomes defined as death during the
hospital stay or clinical deterioration requiring referral to a higher-level facility independently or in combi-
nation. Other studies have also mentioned hypoxaemia as a strong predictor of mortality in children with
WHO-defined pneumonia in lower and middle-income countries [55]. However, the odds of adverse out-
comes estimated in our study is relatively higher than the pooled estimate reported by a systematic review
conducted by Lazzerini et al. in 2015 [56]. Lazzerini et al. found that, among children with WHO-defined
pneumonia, the odds of dying are 5-times higher among those who had hypoxaemia, while it was approx-
imately eight times higher in our study. Variations in the enrolment criteria and severity classifications may
explain the difference between these two estimates. Our analysis included only those children who were hos-
pitalised with WHO-defined severe pneumonia, whereas Lazzerini et al. included all children with WHO-de-
fined clinical pneumonia, which may also include non-severe pneumonia who required hospitalisation for
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other complications. Therefore, the hypoxaemia status among the more severe cases included in our study
is expected to have a greater prognostic value in predicting the adverse outcomes. Moreover, Lazzerini et
al. conducted sensitivity analysis and reported confidence intervals (2.55-8.61) after adjusting for potential
confounders, which marginally overlaps with the confidence interval (5.84-9.86) reported in our study af-
ter adjusting for potential confounders and covariates.

In addition to pneumonia, hypoxaemia is common among hospitalised children with several other com-
plications like bronchiolitis, asthma, sepsis, malaria, meningitis, etc. [29,57]. Hence, hypoxaemia can be
considered a stand-alone danger sign among young children irrespective of clinical classification, especially
in low resource settings. The gold standard for measuring oxygen saturation in the blood is arterial blood
gas (ABG) analysis. However, this is invasive, painful, time-consuming and resource intensive. Therefore,
it is not helpful for point of care diagnostics and not feasible to integrate into primary care settings with a
high volume of patients and limited resources. On the other hand, a pulse oximetry is a non-invasive de-
vice used as a point of care diagnostics to obtain a reasonably accurate measurement of blood’s oxygen sat-
uration. Appropriate use of pulse oximetry and reliable oxygen sources in developing countries can sub-
stantially reduce pneumonia-related mortality [9,10,55]. Duke et al. reported that the introduction of an
effective oxygen system could reduce 35% of severe pneumonia deaths, even in resource-poor settings. The
locally-made bubble CPAP reduced severe pneumonia mortality by 75% compared to the WHO standard
low flow oxygen therapy [21].

The Pneumonia Series published by The Lancet in 2013 outlined the introduction of pulse oximetry as one
of the four opportunities for further accelerating progress towards averting the global pneumonia burden in
LMICs [58]. Although WHO now recommends routine assessment of SpO, for rapid identification of hypox-
aemia and immediate hospitalisation for oxygen therapy with other supportive care, there are significant gaps
between policy and actual clinical practice due to insufficient provision for SpO, assessment and inadequate
oxygen security in LMIC contexts [17,59-62]. Therefore, urgent attention should be given to improving ac-
cess, provision, and quality of care regarding overall oxygen security [63,64].

Strengths and limitations

In this paper, we report the prevalence of hypoxaemia based on retrospective data extracted from individual
patient records of routine hospital services. We acknowledge that the quality and oversight during routine clin-
ical assessments are not comparable with controlled environments of clinical trials. However, the icddr,b-Dhaka
hospital maintains a high clinical standard by adhering to the national and global guidelines. After the bubble
CPAP trial, icddr,b Dhaka hospital introduced routine assessment of hypoxaemia on admission and the use
of bubble CPAP for hypoxaemia management as the standard of care. The high level of sensitivity regarding
pneumonia and hypoxaemia management may have contributed to the almost universal assessment of hypox-
aemia and relevant documentation practices. We also acknowledge the limitation in the availability of detailed
clinical information regarding study subjects since the data were obtained from routine clinical records. There-
fore, the provision for adjusting for other comorbid conditions such as cyanosis, ability to feed, head nodding,
respiratory rate >70/min and unresponsiveness/impaired reusability, crepitations in lung auscultation, nasal
flaring as potential confounders [65] and their interaction effects while exploring the effect of hypoxaemia on
adverse clinical outcomes was somewhat limited.

The hypoxaemia prevalence reported in this paper is four years of data, which has helped to overcome the
potential effect of seasonal variations. Furthermore, the analysis included a reasonably large sample size in re-
porting hypoxaemia prevalence with an acceptable error margin. We also adjusted for possible confounders
in our analysis to give robust estimates of risk factors.

CONCLUSION

Hypoxaemia is common among children hospitalised with WHO-defined severe pneumonia in Bangla-
desh. It is also one of the strongest predictors of adverse clinical outcomes, among other background
characteristics and history of illnesses. We reinforce the need for pulse oximetry availability and recom-
mend ensuring an effective oxygen delivery system in low- and middle-income countries to avert these
preventable deaths.
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