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ABSTRACT

The use of pulse oximetry (POx) for the diagnosis and management of childhood pneumonia has been of interest in
recent years. In order to effectively employ POx to manage childhood pneumonia in LMICs, we aim to answer the
following five questions through a literature review. These five questions are: 1) Which clinical signs are reliable to
detect hypoxia? 2) What is the prevalence of hypoxia among those diagnosed with pneumonia? 3) Does the detection
of hypoxia among clinical pneumonia patients improve survival? 4) How reliable are current POx devices in the
field? and 5) What are the problems in introducing POX in the field?

We searched three keywords-IMCI, childhood pneumonia and pulse oximetry, with the PubMed search engine and
extracted 119 articles and book chapters. Each article was reviewed to answer above five questions. The literature
review indicates that none of the clinical signs reliably detect hypoxia in children. The prevalence of hypoxia among
pneumonia varied based on the study. 17-32% of patients without a diagnosis of pneumonia presented with hypoxia.
There are currently no randomized trials available to demonstrate the benefit of pulse oximetry in childhood
pneumonia survival. Various devices and probes are used in different studies and there are still technical and logistical
issues related to POx device use in the field to manage childhood pneumonia in LMICs. There are numerous barriers
to train healthcare workers in all levels. We need affordable, reliable, easy to use pulse oximetry for childhood
pneumonia management.
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INTRODUCTION

Childhood pneumonia is the leading cause of death under
age the age of five and has killed more than 800,000
children in 2017 worldwide.! It accounts for 19% of all
under 5-years mortality and the majority of them are in
low-and middle-income countries (LMICs), especially in
Sub-Saharan Africa and South East Asia.? Worldwide,
81% of pneumonia deaths is in the first two years of life.®

The integrated management of childhood illnesses (IMCI)
approach is a set of clinical guidelines based on simple
clinical signs that was developed for healthcare providers
to diagnose and treat common pediatric conditions
including childhood pneumonia in resource poor settings.
The IMCI approach was introduced in 1995 by UNICEF
and the WHO and evolved through a series of field
verification studies.*®
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There have been several revisions to the IMCI guidelines
for the use of clinical signs since the early phases of its
implementation. IMCI clinical signs for pneumonia
suffered from low specificity and tended to over-refer.” In
one study, only 55% of children who would have been
referred by the algorithm actually required hospital
admission and the over-referral was due to the low
specificity of chest indrawing in those with pneumonia.
Since then, there have been ongoing discussions
regarding which clinical signs should be incorporated into
the algorithm. However, recent studies have shown that
none of the clinical signs are reliable in making the
diagnosis of pneumonia.? Therefore, there is a need to
search for another reliable, easy-to-use modality to detect
childhood pneumonia in LMICs. Meanwhile, pulse
oximetry (POx) has been employed in high-income
countries routinely to detect hypoxia, which is a common
finding in severe pneumonia. In fact, in the pediatric
primary care clinic study in North America they found
that POx use has increased to 85% of the practice.® There
is an increasing interest among the global health
community to employ POx in the management of
childhood pneumonia. In expert consensus report by
WHO in 2018, experts agreed on the use of POx if
available.’®  However, applicability, availability,
scalability of POx for the management of childhood
pneumonia has not been clearly examined.

DESIGN

We examined the feasibility and problems with
introducing POx for managing childhood pneumonia in
LMICs by reviewing the current literature to answer the
following five clinical questions. These are 1) Which
clinical sign are reliable to detect hypoxia? 2) What is the
prevalence of hypoxia in those presenting with
pneumonia? 3) Does the detection of hypoxia among
clinical pneumonia patients improve survival? 4) How
reliable are current POx devices in the field? And 5)
What are the challenges in introducing POx in the field?

We conducted the following literature search on PubMed
on August 17" 2020 with the following keywords:
childhood pneumonia, IMCI, and pulse oximetry. The
combination of these 3 words extracted 119 articles and
book chapters. The combination of childhood pneumonia
and IMCI extracted 101 articles, childhood pneumonia
and POx extracted 36 articles, IMCI and POx extracted 5
articles, all three words extracted 5 articles including
some duplicates). Both authors went through all the
articles to examine the relevance to answer the above five
questions.

FINDINGS

One of the ongoing arguments regarding the IMCI
approach for childhood pneumonia is the case definition.
Fever accompanied with cough and/or shortness of breath
is the standard definition. However, in endemic areas, up
to 30% of febrile patients can have malaria and a

pneumonia co-infection.!* Van den Bruel addressed that
shortness of breath is commonly present in pneumonia
patients.? In addition, Lozano has pointed out that
hypoxia is a more reliable marker for pneumonia.*® There
was an evidence that tachypnea correlates more with
hypoxia among other clinical signs.** POx <92% was the
strongest predictor for pneumonia and it was correlated
with an increased risk of death due to pneumonia.>1®

Among the clinical signs of pneumonia, chest indrawing
was studied in number of previous studies; Kahigwa
showed chest indrawing is a reliable clinical sign with
good inter-observer agreement and the young infants
clinical signs study (YICS) identified seven clinical signs
for severe illness of pneumonia, one of which was severe
chest indrawing.r”*® However, recent studies have
demonstrated that none of the clinical signs are specific
for diagnosing childhood pneumonia and Alwadhi found
that no single clinical sign can perform as well as POx to
predict hypoxia in childhood pneumonia.t®?

The prevalence of hypoxia measured by POX varies
among the studies we examined in our review. An earlier
study showed a median reading for severe pneumonia of
70%, while in the respire study, definitive pneumonia
patients had POx readings of 80% while no infection was
seen at readings of 92%.2%? One study showed that
POx<90% was a predictor for treatment failure in
pneumonia.?® POx could correctly identify 20-30% more
pneumonia patients with hypoxia than clinical signs
alone.?

Duke studied a population in Papua New Guinea and
demonstrated that the introduction of POx and oxygen
decreased mortality by 35%.2>2% Floyd employed
modeling techniques to estimate that the impact of POx
for childhood pneumonia would be $2.97-52.92/DALY
averted.?” Nonetheless, there are no randomized clinical
trials to demonstrate the benefit of employing POx for
survival in childhood pneumonia.

Despite increasing supportive evidence for the usefulness
of POx in LMICs, current guidelines recommend the use
only when the technology is available.?® We tried to
delineate whether there was a reliable, reusable, and
affordable POx device in the field and found a number of
technical and design problems related to the devices seen
in previous studies: Hamid pointed out that the
attachment of the probe to the fingers of small children is
often difficult and the durability of probes in the field is
also questionable.?® Weber found that finger clip on
sensors lasted on average six months.3® The cost of POXx
devices is another concern-reusable sensors cost $150-
200 and are good for approximately 12 months while the
device itself can cost $100-1000 per device.®* Clip-on
probes in one study cost $25 and the device itself was
$250.% Lastly, the time to obtain stable readings, which is
known as lead time, is another concern that is often raised
in the field. It was unclear how much time they waited to
obtain stable readings in the field, but in one study, the
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median time was 219-228 seconds.3®* McCollum argued
based on their study in Malawi, the ideal lead time should
be less than 30 second.®

There are several Apps developed to help healthcare
providers manage childhood pneumonia that incorporate
POx readings into the App. The mPneumonia App was
developed in 2015 and POx is incorporated into the
App.3*+* The ALMANACH App was developed in
Tanzania and POx was incorporated as well.2¢37 But the
outcome of employing these two Apps is not available at
this moment. There are only few studies disclosing the
time from application of the probe until they get stable
readings of POx on patients.

There are several studies that discuss the problems of
implementing POx in the field. Nab wire found that the
majority of district hospital personnel didn’t know how to
use POx (76%).%8 Ginsburg systemically surveyed and
identified several barriers to implement POx.3® Another
study in Cambodia demonstrated low availability and
poor knowledge in usage of Pox in district hospitals and
health centers.*® Usability focus group discussions were
conducted in one study in four countries, Cambodia,
Ethiopia, South Sudan and Uganda and showed high
interest for the device but the actual usage is low.*

DISCUSSION

We conducted this review to verify the scientific evidence
and readiness to incorporate POx for the management of
childhood pneumonia in LMICs. The literature does
confirm that there is no strong evidence to support the use
of relying only on clinical signs to diagnose childhood
pneumonia among experts. Despite the wide usage of
POx as a routine tool to assist in the diagnosis of
pneumonia in high income countries, we found the
prevalence of hypoxia among clinical pneumonia in
LMICs varied widely. In addition, we found that there
have been no randomized clinical trials to verify that POx
usage changes the outcomes of pneumonia except for an
ecological study to compare the before and after
introduction of POx and supplementary oxygen.?®
Currently, there are no standard design or devices of
pulse oximeters widely accepted in LMICs for childhood
pneumonia. There are still several technical and logistical
issues that have to be solved to make the device
worthwhile in the field.

First, the probe design. In high income countries,
disposable adhesive tape is used to wrap the probe around
the digits of children to obtain accurate POx readings.
Disposable tape is not practical in resource-poor settings
due to the cost and lack of supply. The popular and
affordable POx device uses a clip mechanism with two
rigid plastic plates and two sensors to pincer finger/toe to
the probe, but the challenge for this model is 1) the hinge
can easily break after repetitive use 2) it is hard to fit a
rigid clip onto the tiny digits of newborns and infants to
obtain stable readings and 3) sick children are often

malnourished and have even smaller digits compared with
those of children in high income countries. Nonetheless,
previous studies have been conducted to use several
different types of existing probes from high income
countries. The second issue is the lead time, the time from
application of the probe until we get stable readings from
the device. Third is the cost of the device. The available
devices can cost $250-300 for the oximeter itself. In
addition, you have to purchase appropriately sized probes
to go with the oximeter to obtain accurate POx readings.
There was a wide variation in price and lead time until
stable readings were obtained from patients.

Therefore, the device that is needed in the field now has
to be reliable enough to obtain accurate and stable
readings within 30 seconds from application of the
device, can handle high throughput and be affordable in
LMICs.

Then, finally, there is the issue of training. Previous
studies demonstrated that the current knowledge and
usage of POXx in the field is not optimal, despite the fact
POx and the oxygen training manual by the WHO has
been around for nearly 10 years.*> We have to develop a
novel way to train frontline health workers to effectively
use POx to manage childhood pneumonia. The device
alone will not help patients. It should go with a well-
trained hand to make the technology effectively work to
save lives.

CONCLUSION

Based on our clinical review to address these five clinical
questions in the application of pulse oximetry in the
management of childhood pneumonia, we found that
there are considerable variations in terms of the
prevalence of hypoxia among studies and there is no clear
demonstration of the effectiveness of the probes used in
the studies. The efficacy of the use of pulse oximetry in
childhood pneumonia management should be examined
with prospective studies with more reliable and affordable
probes that would prove effective in practice.
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