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ABSTRACT
Objective Do newborns, children and adolescents up
to 19 years have lower mortality rates, lower morbidity
and shorter length of stay in health facilities where pulse
oximeters are used to inform diagnosis and treatment
(excluding surgical care) compared with health facilities
where pulse oximeters are not used?
Design Studies were obtained for this systematic
literature review by systematically searching the Database
of Abstracts of Reviews of Effects, Cochrane, Medion,
PubMed, Web of Science, Embase, Global Health,
CINAHL, WHO Global Health Library, international health
organisation and NGO websites, and study references.
Patients Children 0–19 years presenting for the first
time to hospitals, emergency departments or primary
care facilities.
Interventions Included studies compared outcomes
where pulse oximeters were used for diagnosis and/or
management, with outcomes where pulse oximeters
were not used. Main outcome measures: mortality,
morbidity, length of stay, and treatment and
management changes.
Results The evidence is low quality and hypoxaemia
definitions varied across studies, but the evidence
suggests pulse oximeter use with children can reduce
mortality rates (when combined with improved oxygen
administration) and length of emergency department stay,
increase admission of children with previously
unrecognised hypoxaemia, and change physicians’
decisions on illness severity, diagnosis and treatment.
Pulse oximeter use generally increased resource utilisation.
Conclusions As international organisations are investing
in programmes to increase pulse oximeter use in low-
income settings, more research is needed on the optimal
use of pulse oximeters (eg, appropriate oxygen saturation
thresholds), and how pulse oximeter use affects referral
and admission rates, length of stay, resource utilisation
and health outcomes.

INTRODUCTION
In newborns, children and adolescents hypoxaemia
is associated with increased risk of death, and is a
common complication of bronchiolitis, pneumonia,
asthma and other serious conditions (eg, sepsis).1–4

Pulse oximetry is a low-cost intervention that could
reduce child mortality, in line with Millennium
Development Goal 4, by enabling early detection
of hypoxaemia and improving accurate diagnosis,
thereby increasing the chance of prompt, effective
treatment.
Despite the potential to improve health out-

comes, pulse oximeters are often not available, par-
ticularly in low-income settings. For example, only
38% of Nigerian tertiary hospitals and 3 of 22
Kenyan hospitals providing physician internship

training had pulse oximeters in 2011 and 2012,
respectively.5 6 To promote access, pulse oximeters
have been designed for low-income settings, for
example, Lifebox, a low-cost, robust, portable,
battery-operated oximeter.7 Other designs deliver
pulse oximeter results to smartphones, using their
spread to remote areas.8 Initiatives supporting
pulse oximeter uptake include the WHO’s Global
Pulse Oximetry Project, Lifebox donations, and the
BMJ Christmas Appeal.7 9 10

Evidence suggests that pulse oximeters identify
20–30% additional hypoxic children compared
with using clinical signs alone, for example, grunt-
ing and depressed consciousness, which can be
imprecise.1 11 However, evidence of an association
between hypoxaemia and mortality is not necessar-
ily evidence that pulse oximetry implementation
improves outcomes, particularly taking a broad
health system perspective, when health worker
actions, characteristics of children and health

What is already known on this topic

▸ Hypoxaemia is a common complication of
pneumonia, bronchiolitis, asthma and sepsis
and is associated with increased risk of death
in children.

▸ Pulse oximeters are a low-cost intervention that
could help reduce child mortality by more
effectively diagnosing and monitoring children
with hypoxaemia.

▸ Pulse oximeters are often not available or not
used in low-income settings, but several
international projects aim to increase their
availability and use.

What this study adds

▸ The evidence, while low quality, suggests pulse
oximeter use may improve children’s mortality
rates, morbidity measurement, hospital length
of stay and admission of hypoxic children.

▸ In the included studies, pulse oximeters were
often important for physician’s clinical
decision-making about children’s treatment and
management, and their use generally increased
resource utilisation.

▸ More research is needed on optimal thresholds
to use for hypoxaemia definitions, and on how
pulse oximeter use affects resource utilisation
and impacts health outcomes.
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facilities, and additional resources, all interact to impact
outcomes.

In the complex world of health systems, pulse oximetry could
lead to improved health outcomes and system efficiencies, and
reduced resource use, by helping health workers promptly diag-
nose children and initiate treatment, and by improving diagnos-
tic accuracy, thereby preventing unnecessary admissions and
treatments. Alternatively, pulse oximetry could lead to unneces-
sary admissions, treatment, referrals, and/or discharge delays, if
thresholds for admission, referral or intervention are
inappropriate.

As pulse oximetry availability increases at primary and com-
munity care levels in low-income countries, understanding the
health system implications is increasingly important, particularly
how pulse oximetry impacts resource utilisation. In high-income
countries, guidance for routine screening with pulse oximetry is
inconsistent, with some suggesting it is unhelpful.12–17 Debate
also remains about optimum hypoxaemia definitions, especially
at altitude.2 18–22

We therefore reviewed the evidence on how pulse oximetry
introduction impacts health and service use outcomes.

METHODS
We addressed the question “Do newborns, children and adoles-
cents aged up to 19 years have lower mortality rates, lower mor-
bidity, and shorter length of stay where pulse oximeters are used
to inform diagnosis and treatment (excluding operative surgical
care) compared with where pulse oximeters are not used?” Our
secondary research question was, “What proportion of new-
borns, children and adolescents are given oxygen therapy where
pulse oximeters are used compared with where pulse oximeters
are not used.”

Studies were included if they recruited newborns, children
and/or adolescents aged up to 19 years, presenting for the first
time to a hospital, emergency department (ED), or primary care
facility, regardless of setting. Studies assessing pulse oximeters in
screening healthy newborns before discharge, or monitoring,
for example, during surgery were excluded.

We included studies with at least one intervention group in
which a pulse oximeter reading was taken and at least one
control group in which pulse oximetry was not used. We
included studies reporting mortality, morbidity (illness severity,
ie, pneumonia severity scores, disability at discharge) and length
of stay. Descriptive studies were excluded.

We systematically searched the Database of Abstracts of
Reviews of Effects, Cochrane, Medion, PubMed, Web of
Science, Embase, Global Health, CINAHL and WHO Global
Health Library, with no language restrictions (Search terms—see
online supplementary appendix I). Study references were
checked. Websites of non-governmental organisations, health
organisations and development organisations were searched for
unpublished reports using ‘pulse oximeter’ and ‘pulse oximetry’.
Topic experts were contacted for additional materials.

Studies that were not relevant based on title/abstract were
excluded. We read the remaining studies’ full texts and excluded
those not fulfilling the inclusion criteria. All full texts were read
by a second person, and if inclusion was uncertain, a third. We
extracted data using a tailored Cochrane data collection form
and assessed risk of bias using the Cochrane ACROBAT
tool.23 24

We intended to calculate risk ratios, mean differences and
CI’s, and if possible pool data within subgroups and conduct a
meta-analysis. However, due to the small number of studies and
the study design/outcome variability this was not possible.

Instead we narratively describe the evidence using a structured
approach while drawing insights where possible, a standard
strategy in such situations.

RESULTS
Search results
We found 7992 reports after removing duplicates and screened
all titles and abstracts, and the full texts of 17 potentially rele-
vant studies. Five studies,25–29 all uncontrolled before-after
studies (without independent comparison groups), were
included (see figure 1).

Risk of bias
Table 1 demonstrates each study’s risk of bias.

Intervention effects
Only five eligible studies were included, all uncontrolled before-
after studies at high risk of bias; our confidence in the effect
estimates is therefore limited with a high level of uncertainty.

Mortality rates
Duke et al,27 reported that mortality rates for children with
pneumonia at five Papua New Guinea hospitals decreased by
35% after services were reorganised and pulse oximeters,
oxygen concentrators and training were introduced. It is not
possible to determine how much of this mortality improvement
was due to pulse oximetry versus the provision of training,
oxygen systems and other changes.

Figure 1 Flow chart showing the study selection process. See online
supplementary appendix II for the Characteristics of Included Studies
table and online supplementary appendix III for the Characteristics of
Excluded Studies table.
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Morbidity
Three studies assessed whether pulse oximeters influence physi-
cians’ clinical decision-making. Paediatric physicians assessed
children presenting to an ED and decided their treatment before
and after obtaining their pulse oximeter results.25 28 29 Studies
defined hypoxaemia differently and their physicians used differ-
ent oxygen saturation (SaO2) thresholds to indicate necessary
treatment. No independent controls were included, which
increased the risk of bias, as did the study designs’ accentuation
of pulse oximeters’ value in the clinical process by presenting
oximeter results to physicians after their initial evaluations.

No studies directly measured morbidity; however, two exam-
ined whether pulse oximeters facilitate morbidity measurement
(illness severity scores and diagnosis). Anderson et al,25 asked
physicians to record illness severity assessments, on a 5-point
scale, for ill children presenting to the paediatric ward, exclud-
ing those with minor orthopaedic/surgical injuries, before and
after obtaining pulse oximeter results. Physicians changed 53%
of children’s scores; two-thirds of these scores were reduced.
Physicians in Mower et al,29 changed the diagnoses in 8% of
children with SaO2 <95% and 0.7% of children with SaO2

≥95% after receiving pulse oximeter results.

Length of stay and influence on admission rates
In Choi and Claudius,26 the average time spent in a paediatric
ED triage when pulse oximeters were used was 17% less than in
the same ED a year previously, when pulse oximeters were not
used.

Maneker et al,28 reported that 46/69 children (67%) who had
low SaO2 (SaO2<92%) had not been clinically expected to have
low SaO2, while 23 (33%) had been expected to have low
SaO2. After obtaining pulse oximeter results, physicians admit-
ted 13/46 (28%) of children with unexpectedly low SaO2 (who
would have been discharged without pulse oximetry) and admit-
ted 1/23 (4%) of children who expectedly had low SaO2.

28

Mower et al,29 found that after receiving pulse oximeter results,
physicians admitted 5 additional children of the 305 who had
SaO2<95% (2%) and 5 additional children of the 1822 who
had SaO2≥95% (0.3%).29

Secondary research question
Management plans changed for 19% of children in Anderson
et al;25 most of these plans became less intense. In Maneker
et al,28 management plans changed for 91% of children who
unexpectedly had low SaO2 (SaO2<92%); 90% of these were
started on oxygen therapy. Management plans also changed for
43% of children who expectedly had low SaO2; 90% of these
were started on oxygen. In Mower et al,29 after receiving pulse
oximeter results, physicians ordered new diagnostic tests for
20% of children with SaO2<95% and for 0.5% of children

with SaO2≥95%; they ordered new treatments for 11% of chil-
dren with SaO2<95% and for 1% of children with SaO2≥95%.

DISCUSSION
Pulse oximeters are routinely used in high-income countries, but
are implemented without consistent guidelines of when/how to
use them and little research on how their routine use impacts
health outcomes or resources. New programmes encouraging
pulse oximeter use in low-income countries should address
these inadequacies in the evidence base and promote evidence-
based decision-making.

Only five studies, all before-after studies at high risk of bias,
were identified. Potential dissimilarities in patient/location
characteristics existed between time periods in two studies;26 27

there were no independent controls in three,25 28 29 and in
these, physicians were perhaps more inclined to respond to
pulse oximetry because results were given after, not during,
initial evaluations (unlike outside study settings). In the study
providing mortality data, oxygen concentrators, training and
other improvements were introduced with pulse oximeters;27

while this study points to important effects of improving
oxygen therapy systems, from identification to management, it
provides only indirect information on possible effects of wide-
scale pulse oximetry adoption, for example, primary care facil-
ities for guiding referral. Other challenges in generalising the
findings are that the studies were conducted in the USA and
Papua New Guinea and none were conducted in primary care
facilities. Although the data are drawn from US studies and
those conducted over 15 years ago, available results have some
value as they suggest how pulse oximeter introduction impacts
physicians’ decision-making, the key mechanism by which pulse
oximetry influences practice.

Study design limitations reduce our confidence in the
included studies’ effect estimates. However, there is some evi-
dence to indicate that pulse oximetry may lead to improved
health outcomes, with lower mortality rates (when combined
with improved/adequate oxygen administration) and reduced
time in ED triage; pulse oximetry may change physicians’ deci-
sions regarding illness severity, and increase hospital admissions
related to previously unrecognised hypoxaemia (note: hypox-
aemia definitions varied from <92% to 95%). Routine pulse
oximetry may also influence diagnostic tests and treatments
used. Mower et al,29 argue that physicians generally accurately
judged SaO2 clinically when very high or low, but made more
management changes when moderately low.

It is unclear from the literature how pulse oximetry impacts
resource utilisation, even though pulse oximetry campaigns
focus on low-income settings, where cost-effectiveness is crucial.

In Maneker et al,28 and Mower et al,29 pulse oximetry
increased resource use through increased admissions and oxygen

Table 1 Risk of bias ratings for each domain for each study

Study
Bias due to
confounding

Bias in
selection
of participants

Bias in
measurement
of interventions

Bias due to departures
from intended
interventions

Bias due to
missing data

Bias in
measurement
of outcomes

Bias in selection
of the reported
result Overall

Anderson et al25 Moderate Moderate Low Low Low Serious Serious Serious
Choi et al26 Moderate Low Low Moderate Moderate Moderate Low Moderate
Duke et al27 Serious Moderate Low Serious Moderate Moderate Moderate Serious
Maneker et al28 Moderate Serious Low Low Low Serious Low Serious
Mower et al29 Moderate Serious Low Low Low Serious Low Serious

Risk of bias rating is based on a 4-point scale from low to moderate, serious and critical.
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therapy for children with otherwise undetected hypoxaemia.
Pulse oximetry led to reduced resource utilisation in two
studies: in Anderson et al25 two-thirds of children whose illness
severity scores changed were then considered less severely ill,
and two-thirds of children whose management plans changed
were then managed less aggressively; in Choi and Claudius,26

pulse oximetry led to reduced triage time.
Pulse oximetry could facilitate quicker diagnosis, so effective

treatment starts earlier and recovery likelihood increases, redu-
cing future resource use. Oximetry can reduce resource waste by
indicating when to end treatment, and by decreasing false-
positives. However, in Schroeder et al,30 hospital stays were on
average 1.6 days longer because of pulse oximetry as 26% of
children met discharge criteria except needing oxygen according
to pulse oximeters. If additional treatment was unnecessary (eg,
inappropriate thresholds were used), then resources were wasted
(as the authors assumed). However, if pulse oximetry enabled

detection of hypoxic children who would not otherwise obtain
treatment, then the additional resources were justified.

Although not discussed here, pulse oximetry also has import-
ant resource implications in outpatient facilities, where hypox-
aemia prevalence in children, while lower than in hospitals, is
still considerable (eg, 4–12%),2 and where pulse oximetry could
facilitate timely recognition of necessary care or referral to hos-
pital. Figure 2 illustrates the range of effects of introducing
pulse oximetry.

Randomly assigning health facilities to pulse oximeter intro-
duction (with training) or no pulse oximetry could provide
robust data on resource use (admissions, diagnostic tools, treat-
ments, referrals, length of stay), health outcomes (mortality,
morbidity, re-presentations), and which thresholds, if any, would
be most effective for treatment initiation, if studies were suffi-
ciently large. Such pragmatic studies could be done alongside
implementation programmes and could elucidate whether pulse

Figure 2 Simple, hypothetical
illustration of introducing pulse
oximetry into primary care or walk-in
clinical settings illustrating the
trade-offs that may be apparent in
terms of increased or decreased
referral or admission rates based on
plausible (low and high) estimates of
existing rates and true prevalence of
hypoxaemia. Note that in low-income
countries children often have multiple
acute respiratory infections (ARI)
episodes per year. The estimates for
the baseline (when pulse oximeters are
not used) were the following: low
estimate for referral rates from primary
care facilities: 100 (1%); high estimate:
500 (5%); low estimate for admission
from emergency department (ED): 500
(5%); high estimate: 1500 (15%).
Referral and admission rates for when
pulse oximeters are used were
estimated by assuming an increase or
decrease in primary care referrals/ED
admissions of 5–50% over or below
the baseline referral/admission rates.
Hypoxaemia prevalence in children
aged 7 days–36 months presenting to
an ED with ARI has been shown to be
as high as 59%31 (when hypoxaemia
defined as SaO2<91%) so these high
estimates for referral/admission rates
are reasonable. Referral/admission
rates would be higher in a population
if: the true hypoxaemia prevalence in
the population is higher (eg, due to
high altitude, seasonal effects on
bronchiolitis, predisposing
environmental factors for asthma); a
larger proportion of hypoxaemic
children are being missed by clinical
evaluation; or higher thresholds are
used to define hypoxaemia. The
converse of these conditions would
lead to lower referral/admission rates,
as would a reduction in the number of
false-positives as a result of improved
accuracy of hypoxaemia diagnosis over
clinical signs.

4 Enoch AJ, et al. Arch Dis Child 2015;0:1–7. doi:10.1136/archdischild-2015-309638
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oximetry impacts resource use and health outcomes within cost-
effectiveness analyses.

If evidence suggests pulse oximetry increases resource
utilisation then health workers, facility managers and public
health practitioners would need to weigh cost-benefit
trade-offs between using scarce resources on pulse oximetry
or on other interventions. Context-specific formal cost-

effectiveness analyses could be performed to help address
these issues but these are rarely done when technologies are
introduced into low-income countries’ health systems. Such
research should be independent and transparent evaluations
feeding into wider, evidence-based and inclusive processes
for decision-making on resource allocation within health
systems.

Table 2 Summary of findings

Pulse oximeters versus no pulse oximeters to inform diagnosis and treatment (excluding operative surgical care)

Population: newborns, children and adolescents aged up to 19 years
Intervention: pulse oximeter readings
Control: populations with no pulse oximeter readings
Outcomes: mortality rates, morbidity, length of hospital stay

Outcomes
Overall outcome difference between
control and intervention group

Number of
participants by
outcome (studies)

Relative effect
(with 95% CI)

Absolute effect
(with 95% CI)

Quality of
the evidence—
Grade

Mortality rates The introduction of pulse oximeters alone may
lead to a reduction in mortality rates.27

11 29127 RR: 0.648 (0.533 to
0.788)

Reduction of 1.75%
(1.101 to 2.398) or 17
fewer deaths per 1000
patients

Very low*

Morbidity: When pulse oximeter results are obtained in the
ED, the assessed degree of illness and the
diagnosis for children may be different than if
pulse oximeter results are not obtained. This is
especially the case for children who do not have
a diagnosis of ‘well’, ‘minor orthopaedic injuries’
or ‘minor surgical injuries’, and/or is more likely
in children who have low SaO2 values.

25 29

256425 29 n/a n/a Very low†

Length of hospital
stay

The introduction of pulse oximetry into triage may
decrease the average time children spend in
triage and may increase the proportion of hypoxic
children who are admitted.26 28 29

62226 28 29 Time spent in triage:
Mean difference:
50 min (5.405 to
94.595)
Proportion of hypoxic
children admitted: n/a

Time spent in triage: 17
fewer minutes spent in
triage per 100 min
Proportion of hypoxic
children admitted: n/a

Very low‡

Secondary research
question: treatment
and management

When pulse oximeter results are obtained in the
ED, the management plans for children may be
different than if pulse oximeter results are not
obtained. This is especially the case for children
who do not have a diagnosis of ‘well’, ‘minor
orthopaedic injuries’ or ‘minor surgical injuries’,
and/or is more likely in children who have low
SaO2 values, particularly if these are unexpectedly
low.25 28 29

263325 28 29 n/a n/a Very Low§

See online supplementary appendix IV for a more detailed summary of findings table.
*Non-controlled before-after study: Study limitations—there is a high risk of bias as the Duke et al27 study had a serious risk of bias, due mainly to the fact that oxygen concentrators
and training were introduced into the study hospitals concurrently with pulse oximeters so it is not possible to determine how much of the change in mortality rates shown in the study
was due specifically to pulse oximeter use; indirectness—the study was looking at the impact of the introduction of pulse oximeters and oxygen concentrators on mortality rates, rather
than just the introduction of pulse oximeters alone; imprecision—only one study (and it did not report CIs for the measure of interest); this outcome has therefore been downgraded
from Low to Very Low.
†Non-controlled before-after studies: Study limitations—there is a high risk of bias as both of these studies had a serious risk of bias, because the physicians in both studies were
aware of the intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter results
during their initial evaluations; in addition the authors of Mower et al29 excluded 20% of children who could have been included in the study, potentially affecting the results, and the
authors of Anderson et al25 excluded a subgroup of children from the analyses when it became evident that pulse oximeter results did not impact their management, so the study’s
results of pulse oximeter impact were exaggerated; indirectness—the changes in degree of illness and diagnosis shown in these studies are not actual changes in morbidity, they are
changes in physicians’ perceptions of morbidity; also both studies were looking at different suboutcomes and different subgroups from each other, most of which were not directly
relevant to, or only partially relevant to, the review; imprecision—only two studies (neither of which reported any CIs); this outcome has therefore been downgraded from Low to Very
Low.
‡Non-controlled before-after studies: Study limitations—there is a high risk of bias as two of the studies had a serious risk of bias, because the physicians in both studies were aware of
the intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter results during
their initial evaluations; in addition 20% and 32% of potential participants were not included in the Mower et al29 and Maneker et al28 studies, respectively, potentially affecting the
results; indirectness—the outcomes investigated in the three studies (length of stay in emergency department (ED) triage, and % admitted) are indirectly related to but not exactly the
same as, the outcome of length of hospital stay; imprecision—only three studies (none of which reported any CIs); this outcome has therefore been downgraded from Low to Very Low.
§Non-controlled before-after studies: Study limitations—there is a high risk of bias as all three of these studies had a serious risk of bias, because the physicians in all three studies
were aware of the intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter
results during their initial evaluations; in addition 20% and 32% of potential participants were not included in the Mower et al29 and Maneker et al28 studies, respectively, potentially
affecting the results; also the authors of Anderson et al25 excluded a subgroup of children from the analyses when it became evident that pulse oximeter results did not impact their
management, so the study’s results of pulse oximeter impact were exaggerated; indirectness—the secondary research question considered the impact of pulse oximeter use on the
proportion of children receiving oxygen therapy—only one of the studies actually reported the number of children in both groups who received oxygen therapy while the other two
studies only reported results on outcomes that are related to oxygen therapy, by, like oxygen therapy, being examples of treatment and management; also all three studies were looking
at different suboutcomes and different subgroups from each other, most of which were not directly relevant to, or only partially relevant to, the review; imprecision—only three studies
(none of which reported any CIs); this outcome has therefore been downgraded from Low to Very Low.
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More research is also needed on the best ways to use pulse
oximeters, particularly concerning SaO2 thresholds.

In high-income settings, disease management guidelines rarely
recommend SaO2 thresholds for diagnosing, evaluating or mon-
itoring children.12 13 When specific SaO2 thresholds are recom-
mended, they differ across organisations, even though WHO’s
2012 Recommendations for Management of Common
Childhood Conditions provide clear guidance that oxygen be
administered if SaO2<90% (for children at ≤2500 m).14 15

Conversely, the Canadian Paediatric Society warns “it is import-
ant to recognize that setting arbitrary thresholds for oxygen
therapy will influence admission rates”.16 Setting thresholds is
complicated because pulse oximeter results may not be consid-
ered in isolation from clinical findings, SaO2 can naturally fluc-
tuate over a day, and studies show that ‘healthy’ SaO2 differs by
age and altitude.20–22 32 A few studies have investigated whether
outcomes are comparable when thresholds higher than WHO’s
<90% are used: Cunningham et al,33 found cough resolution
time in children with bronchiolitis was equivalent when a
<94% or <90% threshold was used for oxygen therapy while
Lazzerini et al,34 found that hypoxaemia predicted elevated
mortality risk in children with acute lower respiratory infection
when a <92% or <90% hypoxaemia threshold was used. It is
therefore perhaps unexpected that no studies have examined
health system consequences of implementing the WHO guid-
ance of using SaO2<90% thresholds.

In absence of clear guidelines, opinion differs on which
thresholds should indicate hypoxaemia and prompt admission,
referral, oxygen therapy or other treatments. When emergency
physicians were surveyed, there was considerable variability in
the lowest SaO2 for which they would discharge a 2-year-old
with pneumonia and a 10-month-old with bronchiolitis.18

Maneker et al28 and Mower et al,29 defined low SaO2 as ≤92%
and <95% respectively, thus reducing results comparability.

Threshold choice can substantially impact health system out-
comes; thus in Schuh et al’s35 randomised clinical trial of
infants (excluded from this review because all children received
pulse oximeter readings), admission rates were sensitive to small
saturation differences: 41% of children in the control group
were admitted within 72 h versus 25% of children whose dis-
played SaO2s were artificially increased by 3%.

CONCLUSIONS
Pulse oximeters are routinely used in high-income countries and
international organisations are investing in programmes to
promote pulse oximetry in low-income countries, but there is
little evidence, from any region or setting, on the impact or
optimal use of pulse oximeters when children present to a
health facility. More research is needed on how pulse oximetry
impacts health outcomes and services, how knowledge of SaO2

should be integrated with other clinical findings, whether defin-
ing ‘one-size fits all’ thresholds is possible or even useful, for
hypoxaemia and in diagnosing/monitoring specific diseases, and
how pulse oximetry affects resource utilisation. Such pragmatic
research could accompany pulse oximeter implementation
efforts and would provide much needed evidence.
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Appendix I: search terms and search methods 

 

Database Searches performed Date Notes 

Dare 1. [any field] “pulse oximeter” OR [any field] 

“pulse oximetry”  

 

January 

7, 2015 

The Dare tickbox was 

ticked for the search 

Pubmed 1. (((“Infant”[Mesh]) OR “Child”[Mesh]) OR 

“Adolescent”[Mesh]) OR “Pediatrics”[Mesh] 

2. (Newborn*[Title/Abstract] OR 

Neonat*[Title/Abstract] OR Baby*[Title/Abstract] 

OR Babies[Title/Abstract] OR 

Infant*[Title/Abstract] OR Child*[Title/Abstract] 

OR Kid*[Title/Abstract] OR Toddler*[Title/Abstract] 

OR Adoles*[Title/Abstract] OR 

Teen*[Title/Abstract] OR Boy*[Title/Abstract] OR 

Girl*[Title/Abstract] OR Paediatric*[Title/Abstract] 

OR Peadiatric*[Title/Abstract] OR 

Pediatric*[Title/Abstract]) 

3. #1 OR #2 

4. “Oximetry”[Mesh] 

5. (“Pulse oximeter*”[Title/Abstract] OR “Pulse 

oximetry”[Title/Abstract]) 

6. #4 OR #5 

7. #3 AND #6 

January 

9, 2015 

 

Web of 

Science 

1. TS=(“Pulse oximeter*” OR “Pulse oximetry”) OR 

TI=(“Pulse oximeter*” OR “Pulse oximetry”) 

2. TS=(Newborn* OR Neonat* OR Baby* OR Babies 

OR Infant* OR Child* OR Kid* OR Toddler* OR 

Adoles* OR Teen* OR Boy* OR Girl* OR Paediatric* 

OR Peadiatric* OR Pediatric*) OR TI=(Newborn* 

OR Neonat* OR Baby* OR Babies OR Infant* OR 

Child* OR Kid* OR Toddler* OR Adoles* OR Teen* 

OR Boy* OR Girl* OR Paediatric* OR Peadiatric* OR 

Pediatric*) 

3. #1 AND #2 

January 

13, 

2015 

In “All databases” and 

for all years 

Cochrane 

library 

1. “pulse oximeter” OR “pulse oximetry”  January 

8, 2015 

In “Title, Abstract or 

Keywords” 

“Cochrane reviews”, 

“Other reviews” and 



“Technology 

assessments” tick 

boxes were ticked 

Medion  1. Pulse oximeter 

2. Pulse oximetry 

January 

8, 2015 

In “Topics” 

WHO 

Global 

Health 

Library 

1. Pulse oximeter  

2. Pulse oximeter 

3. Pulse oximetry 

4. Pulse oximetry 

January 

8, 2015 

#1 and #3 were in 

“title” and in 

“regional”; #2 and #4 

were in “subject” and 

in “regional”  

Embase 1. Pulse oximeter/ or pulse oximetry/ 

2. (“Pulse oximeter*” or “Pulse oximetry”).mp. 

3. (“Pulse oximeter*” or “Pulse oximetry”).m_titl. 

4. #1 OR #2 OR #3 

5. (Newborn* OR Neonat* OR Baby* OR Babies OR 

Infant* OR Child* OR Kid* OR Toddler* OR Adoles* 

OR Teen* OR Boy* OR Girl* OR Paediatric* OR 

Peadiatric* OR Pediatric*).mp. 

6. (Newborn* OR Neonat* OR Baby* OR Babies OR 

Infant* OR Child* OR Kid* OR Toddler* OR Adoles* 

OR Teen* OR Boy* OR Girl* OR Paediatric* OR 

Peadiatric* OR Pediatric*).m_titl. 

7. #5 OR #6 

8. #4 AND #7 

January 

14, 

2015 

-#1 was done by 

“mapping to subject 

headings” but not 

ticking “explode” 

-mp=title, abstract, 

subject headings, 

heading word, drug 

trade name, original 

title, device 

manufacturer, drug 

manufacturer, device 

trade name, keyword 

Global 

Health 

1. (“Pulse oximeter*” OR “Pulse oximetry”).mp. 

2. (“Pulse oximeter*” OR “Pulse oximetry”).m_titl. 

3. #1 or #2 

4. (Newborn* OR Neonat* OR Baby* OR Babies OR 

Infant* OR Child* OR Kid* OR Toddler* OR Adoles* 

OR Teen* OR Boy* OR Girl* OR Paediatric* OR 

Peadiatric* OR Pediatric*).mp. 

5. (Newborn* OR Neonat* OR Baby* OR Babies OR 

Infant* OR Child* OR Kid* OR Toddler* OR Adoles* 

OR Teen* OR Boy* OR Girl* OR Paediatric* OR 

Peadiatric* OR Pediatric*).m_titl.  

6. #4 OR #5 

January 

14, 

2015 

mp=abstract, title, 

original title, broad 

terms, heading 

words, identifiers, 

cabicodes 



7. #3 AND #6 

CINAHL 1. TI (“Pulse oximeter*” OR “Pulse oximetry”) OR 

AB (“Pulse oximeter*” OR “Pulse oximetry”) 

2. TI (Newborn* OR Neonat* OR Baby* OR Babies 

OR Infant* OR Child* OR Kid* OR Toddler* OR 

Adoles* OR Teen* OR Boy* OR Girl* OR Paediatric* 

OR Peadiatric* OR Pediatric*) OR AB (Newborn* 

OR Neonat* OR Baby* OR Babies OR Infant* OR 

Child* OR Kid* OR Toddler* OR Adoles* OR Teen* 

OR Boy* OR Girl* OR Paediatric* OR Peadiatric* OR 

Pediatric*) 

3. #1 AND #2 

January 

14, 

2015 

 

Note: the search(es) shown in bold is/are the one(s) from which results were taken 

The websites of the following organizations were searched using the search terms ‘pulse oximeter’ 

and ‘pulse oximetry’ to obtain unpublished reports: the World Health Organization, the World Bank, 

USAID, Public Health England, the UK’s Department of Health, NHS Evidence – NICE, PATH, Save the 

Children, Save the Children UK, MSF, Oxfam, UNICEF, the International Union Against Tuberculosis 

and Lung Disease, the British Lung Foundation, and the World Heart Foundation.   

 



Appendix II: Characteristics of Included Studies table 

Study Methods Participants Intervention Outcomes 

Anderson 

et.al.,1991 

Non-controlled before-

after study; illness 

severity score and 

management plan 

recorded before and after 

the physician obtained 

the child’s pulse oximeter 

results 

437 children who 

were all in the 

control group and 

then the 

intervention 

group; average 

age of 5 years and 

age range of 1 day 

to 17 years; 

Massachusetts, 

USA 

Pulse 

oximeter 

results shown 

to physician 

after they had 

decided on 

illness severity 

score and 

management 

plan 

-# and % whose 

illness severity 

score changed, 

and whether 

considered more 

vs. less ill after 

-# and % whose 

management 

plans changed, 

and whether 

more vs. less 

aggressive plan 

after 

Choi & 

Claudius 

2006 

Non-controlled before-

after study; time spent in 

ED triage was measured 

before and after pulse 

oximeters were 

introduced as a standard 

triage tool 

159 in control 

group, 89 in 

intervention 

group; average 

age of 11 months 

and 8 

respectively; Los 

Angeles, USA 

Pulse 

oximeters 

were 

introduced 

into ED triage 

standard 

methods 

Time spent in ED 

triage 

Duke 

et.al.,2008  

Non-controlled before-

after study; mortality 

rates of children with 

pneumonia at 5 hospitals 

before and after pulse 

oximeters and oxygen 

concentrators were 

introduced 

7161 in control 

group, 4130 in 

intervention 

group; children up 

to 5 years old; 

Papua New 

Guinea 

Pulse 

oximeters and 

oxygen 

concentrators 

were 

introduced 

into 5 

hospitals with 

training 

Mortality rates 

Maneker 

et.al.,1995 

Non-controlled before-

after study; management 

plan recorded before and 

after the physician 

obtained the child’s pulse 

oximeter results 

368 children who 

were all in the 

control group and 

then the 

intervention 

group; 16% were 

less than than 6 

months old, 59% 

were 7 to 36 

months old, 15% 

were 37 to 96 

months old, and 

Pulse 

oximeter 

results shown 

to physician 

after they had 

decided on 

management 

plan 

-# and % of those 

with 

unexpectedly low 

SaO2 whose 

management 

plans changed, 

including whether 

oxygen therapy 

was added, 

and/or if they 

were newly 

admitted 



10% were more 

than 96 months 

old; Ohio, USA 

-# and % of those 

with expectedly 

low SaO2 whose 

management 

plans changed, 

including whether 

oxygen therapy 

was added, 

and/or if they 

were newly 

admitted 

Mower 

et.al.,1997 

Non-controlled before-

after study; management 

plan recorded before and 

after the physician 

obtained the child’s pulse 

oximeter results 

2127 children who 

were all in the 

control group and 

then the 

intervention 

group; ages 

ranged from birth 

to 17 years; Los 

Angeles, USA 

Pulse 

oximeter 

results shown 

to physician 

after they had 

decided on 

management 

plan 

-# and % of those 

with each oxygen 

saturation value 

who obtained 

new diagnostic 

tests, new 

treatments, new 

diagnoses, and/or 

were newly 

admitted  

 

 



Appendix III: Characteristics of Excluded Studies table 

Study Reason(s) for exclusion 

Schroeder et.al.,2004 -retrospective case series 

-all children received pulse oximeter readings 

-pulse oximeter readings were not necessarily 

taken at admittance – they may instead have 

been used for monitoring later as part of 

treatment 

Schuh et.al.,2014 -all children received pulse oximeter readings 

Cunningham et.al,2015 -all children received pulse oximeter readings 

 

 



Appendix IV: detailed summary of findings table  

Pulse oximeters vs. no pulse oximeters to inform diagnosis and treatment (excluding operative surgical care) 

Population: newborns, children and adolescents aged up to 19 years 
Intervention: pulse oximeter readings 
Control: populations with no pulse oximeter readings  
Outcomes: mortality rates, morbidity, length of hospital stay 

Outcomes Overall outcome 
difference 
between control 
and intervention 
group  

Number of 
participants 
by outcome 
(studies) 

Specific study differences between 
control and intervention group [see 
Risk of Bias table for risk of bias 
assessments for each study] 

Number of 
participants 
by study 

Relative 
effect 
(with 95% 
CI) 

Absolute 
effect 
(with 
95% CI) 

Quality 
of the 
evidence 
- GRADE 

Mortality 
rates 

The introduction 
of pulse 
oximeters alone 
may lead to a 
reduction in 
mortality 
rates.[27] 

11,291 (1 – 
Duke et.al., 
2008) 

-Mortality rate changed from 4.97% to 
3.22% (35% relative reduction) [for 
those admitted with a diagnosis of 
pneumonia] after pulse oximeters, 
oxygen concentrators and training 
introduced[27] 
 
-Mortality rate changed from 5.53% to 
4.1% (26% relative reduction) [for 
those > 1 month old admitted with any 
diagnosis] after pulse oximeters, 
oxygen concentrators and training 
introduced[27] 

11,291 
 
 
 
 
 
 
32,335 

RR: 0.648 
(0.533, 
0.788) 

Reduction 
of 1.75% 
(1.101, 
2.398) or 
17 fewer 
deaths 
per 1000 
patients  

Very lowi 

Morbidity: 
 
-Assessed 
degree of 
illness 
 
 
 

 
 
-When pulse 
oximeter results 
are obtained in 
the ED, the 
assessed degree 
of illness and the 

2564 (2 – 
Anderson 
et.al., 1991; 
Mower 
et.al., 1997) 

 
 
-No difference [in children with 
diagnosis of ‘well’, ‘minor orthopaedic 
injuries’ or ‘minor surgical injuries’] 
after physicians received pulse 
oximeter results[25] 
 

 
 
83  
 
 
 
 
 

n/a n/a Very 
lowii 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-Diagnosis 

diagnosis for 
children may be 
different than if 
pulse oximeter 
results are not 
obtained. This is 
especially the 
case for children 
who do not have 
a diagnosis of 
‘well’, ‘minor 
orthopaedic 
injuries’ or ‘minor 
surgical injuries’, 
and/or is more 
likely in children 
who have low 
SaO2 
values.[25,29]  

-53% [of children with diagnoses that 
were not ‘well’, ‘minor orthopaedic 
injuries’ or ‘minor surgical injuries’] 
had a change after physicians received 
pulse oximeter results; 25% of these 
were assessed as more ill; 69% were 
assessed as less ill; direction of change 
was unknown for 6%[25] 
 
 
 
 
 
 
 
 
 
 
 
-diagnosis was changed for 8% of 
children [of those with SaO2<95%] 
after physicians received pulse 
oximeter results [29] 

 
-diagnosis was changed for 0.7% of 
children [of those with SaO2≥95%] 
after physicians received pulse 
oximeter results [29] 

354 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
305  
 
 
 
 
1822 

Length of 
hospital stay 

The introduction 
of pulse oximetry 
into triage may 
decrease the 
average time 

622 (3 – 
Choi & 
Claudius, 
2006; 
Maneker 

-Time spent in ED triage decreased 
from 4 hours 59 minutes to 4 hours 9 
minutes (50 minutes less; a 17% 
decrease) after pulse oximeters 

248  
 
 
 
 

Mean 
difference: 
50 minutes 
(5.405, 
94.595) 

17 fewer 
minutes 
spent in 
triage per 

Very 
lowiii 



children spend in 
triage and may 
increase the 
proportion of 
hypoxic children 
who are 
admitted.[26,28, 
29]  

et.al., 1995; 
Mower 
et.al., 1997) 
 

introduced into emergency 
department triage[26] 
 
-28% were admitted only after the 
pulse oximeter readings were revealed 
[out of children with unexpectedly low 
SaO2 (where low SaO2 defined as 
<92%)][28] 
 
-4% were admitted only after the pulse 
oximeter readings were revealed [out 
of children with expectedly low SaO2 
(where low SaO2 defined as 
<92%)][28] 
 
-2% were admitted only after the pulse 
oximeter readings were revealed [out 
of the children with SaO2<95%][29]  
 
-0.3% were admitted only after the 
pulse oximeter readings were revealed 
[out of the children with 
SaO2≥95%][29] 

 
 
 
46 
 
 
 
 
 
23 
 
 
 
 
 
305  
 
 
 
1822 

/ 
n/a 

100 
minutes  
/ 
n/a 

Secondary 
research 
question: 
treatment 
and 
management 
 

When pulse 
oximeter results 
are obtained in 
the ED, the 
management 
plans for children 
may be different 
than if pulse 
oximeter results 
are not obtained. 

2633 (3 – 
Anderson 
et.al., 1991; 
Maneker 
et.al., 1995; 
Mower 
et.al., 1997) 

-No difference [in children with 
diagnosis of ‘well’, ‘minor orthopaedic 
injuries’ or ‘minor surgical injuries’] 
after pulse oximeter results 
received[25] 

 
-19% [of children with diagnoses that 
were not ‘well’, ‘minor orthopaedic 
injuries’ or ‘minor surgical injuries’] 
had a change after physicians received 

83  
 
 
 
 
 
354  
 
 
 

n/a n/a Very 
Lowiv 



This is especially 
the case for 
children who do 
not have a 
diagnosis of 
‘well’, ‘minor 
orthopaedic 
injuries’ or ‘minor 
surgical injuries’, 
and/or is more 
likely in children 
who have low 
SaO2 values, 
particularly if 
these are 
unexpectedly 
low.[25,28,29] 

pulse oximeter results; 39% of these 
had more aggressive management 
after; 58% were managed less 
aggressively after; direction of change 
was not documented for 3%[25] 

 
-91% [of those who unexpectedly had 
low SaO2 (where low SaO2 defined as 
<92%)] had a change after physicians 
received pulse oximeter results; 90% of 
these had oxygen added[28] 

 
-43% [of those who expectedly had low 
SaO2 (where low SaO2 defined as 
<92%)] had a change after physicians 
received pulse oximeter results; 90% of 
these had oxygen added[28] 
 
-new diagnostic tests were ordered for 
20% [of those with SaO2<95%] after 
physicians received pulse oximeter 
results [29] 

 
-new diagnostic tests were ordered for 
0.5% [of those with SaO2≥95%] after 
physicians received pulse oximeter 
results [29] 
 
-new treatments were ordered for 11% 
[of those with SaO2<95%] after 
physicians received pulse oximeter 
results [29] 
 

 
 
 
 
 
 
46  
 
 
 
 
 
23  
 
 
 
 
 
305  
 
 
 
 
1822  
 
 
 
 
305  
 
 
 
 



-new treatments were ordered for 1% 
[of those with SaO2≥95%] after 
physicians received pulse oximeter 
results [29] 

1822 

 

Footnotes: 

i Non-controlled before-after study: Study limitations – there is a high risk of bias as the Duke et.al.,2008 study had a serious risk of bias, due mainly to the fact that oxygen concentrators and 

training were introduced into the study hospitals concurrently with pulse oximeters so it is not possible to determine how much of the change in mortality rates shown in the study was due 

specifically to pulse oximeter use; indirectness – the study was looking at the impact of the introduction of pulse oximeters and oxygen concentrators on mortality rates, rather than just the 

introduction of pulse oximeters alone; imprecision - only 1 study (and it did not report confidence intervals for the measure of interest); this outcome has therefore been downgraded from 

Low to Very Low. 

ii Non-controlled before-after studies: Study limitations – there is a high risk of bias as both of these studies had a serious risk of bias, because the physicians in both studies were aware of the 

intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter results during their initial 

evaluations; in addition the authors of Mower et.al. 1997 excluded 20% of children who could have been included in the study, potentially affecting the results, and the authors of Anderson 

et.al. 1991 excluded a subgroup of children from the analyses when it became evident that pulse oximeter results did not impact their management, so the study’s results of pulse oximeter 

impact were exaggerated; indirectness – the changes in degree of illness and diagnosis shown in these studies are not actual changes in morbidity, they are changes in physicians’ perceptions 

of morbidity; also both studies were looking at different sub-outcomes and different subgroups from each other, most of which were not directly relevant to, or only partially relevant to, the 

review; imprecision – only 2 studies (neither of which reported any confidence intervals); this outcome has therefore been downgraded from Low to Very Low.   

iii Non-controlled before-after studies: Study limitations – there is a high risk of bias as two of the studies had a serious risk of bias, because the physicians in both studies were aware of the 

intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter results during their initial 

evaluations; in addition 20% and 32% of potential participants were not included in the Mower et.al. 1997 and Maneker et.al. 1994 studies respectively, potentially affecting the results; 

indirectness – the outcomes investigated in the three studies (length of stay in ED triage, and % admitted) are indirectly related to but not exactly the same as, the outcome of length of 

hospital stay; imprecision – only 3 studies (none of which reported any confidence intervals); this outcome has therefore been downgraded from Low to Very Low. 

ivNon-controlled before-after studies: Study limitations - there is a high risk of bias as all three of these studies had a serious risk of bias, because the physicians in all three studies were aware 

of the intervention status of the participants and so may have been more likely to take the pulse oximeter results into account than had they received the pulse oximeter results during their 

initial evaluations; in addition 20% and 32% of potential participants were not included in the Mower et.al. 1997 and Maneker et.al. 1994 studies respectively, potentially affecting the results; 

also the authors of Anderson et.al. 1991 excluded a subgroup of children from the analyses when it became evident that pulse oximeter results did not impact their management, so the 

study’s results of pulse oximeter impact were exaggerated; indirectness – the secondary research question considered the impact of pulse oximeter use on the proportion of children 

receiving oxygen therapy – only one of the studies actually reported the number of children in both groups who received oxygen therapy while the other two studies only reported results on 

outcomes that are related to oxygen therapy, by, like oxygen therapy, being examples of treatment and management; also all three studies were looking at different sub-outcomes and 

different subgroups from each other, most of which were not directly relevant to, or only partially relevant to, the review; imprecision – only 3 studies (none of which reported any confidence 

intervals); this outcome has therefore been downgraded from Low to Very Low. 
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