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Abstract

neonatal health outcomes.

substantial precaution approach is needed.

Systematic Review

Context: Congenital heart disease (CHD) is a leading cause of mortality by birth defects with significant social and economic bur-
den. Pulse oximetry as a safe and non-invasive screening method, and with its potential for early detection of CHD has improved

Objectives: The aim of this study was to systematically review economic evaluation studies that compared pulse oximetry with
current programs to diagnose early detection of CHD in full-term newborns.

Data Sources: A systematic review was conducted according to preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines, and related articles published from 1995 up to March 2020 were searched in different databases (MEDLINE, EM-
BASE, PubMed, Science Direct, Google Scholar, Scopus, NHS EED, Science Citation Index, Maglran, Cochrane Library, EconLit and SID).
The articles were selected based on inclusion and exclusion criteria. Consolidated health economic evaluation reporting standards
(CHEERS) statement checklist was used to qualitatively evaluate the papers. Overall, 7 articles were included in the study.

Results: Timely diagnosis was considered as main effectiveness health outcome in most studies. The highest and lowest values
of incremental cost-effectiveness ratio (in two-phase studies) were €139,000 and $100 per infant in the Netherlands and Colombia
respectively; and (in one-phase studies) were £24,000 and £1,489 per infant both belonging to the UK. Implementing pulse oximetry
method concurrent with the clinical examination is more cost-effective. The reviewed studies had been conducted in high-income
and upper middle-income countries; therefore, when the results are generalizing by policy makers in different health systems, a

Keywords: Cost-Effectiveness Analysis, Economic Evaluation, Congenital Heart Defect, Neonatal Screening, Pulse Oximetry,

1. Context

CHD is the leading cause among mortality causes by
birth defects in children under 5-years-old; more than 9
million died in 2016 due to CHD; and constrained a major
impact on both thelives of children and their families (1, 2).
Close to 25% of these children generally need surgical in-
tervention or other procedures in the first year of life and
without intervention it can lead to significant morbidity
and mortality (3). The current worldwide incidence of CHD
ranges from 8 to12 per 1000 live births (4). Pediatric critical
CHD (CCHD) associated with hospitalization had the high-
est portion ($5.6) of total hospital costs for cardiovascular

defects ($6.1 billion) in 2009 (5, 6).

Delayed diagnosis of CHD could be associated with
sudden cardiac failure, cardiovascular collapse, organ
damage, and death (7). Through routine assessments, up
to 39% of infants with CCHD will leave the hospital undi-
agnosed and about 43% of them will return to the hospital
in hemodynamic instability or shock status, some may die
athome without any diagnosis or endure major morbidity
(8-10).

Critical CHD refers to lesions requiring surgery or
catheter-based intervention in the first year of life. This
category includes ductal-dependent and cyanotic lesions
as well as less severe forms of CHD that are not dependent
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on the patent ductus arteriosus (11). In recent years, pulse
oximetry identified as a diagnostic method that can detect
cyanogen anomalies in patients with mild hypoxemia (O,
saturation 85% - 95%), which cannot be detected by clini-
cal examination. Additional diagnostic tests (echocardio-
graphy) confirm or exclude the existence of CHD. Of cru-
cial importance is the optimal time of diagnosis; this espe-
cially applies to cyanogen anomalies that require immedi-
ate treatment (12). Screening is performed by qualified and
trained personnel and oxygen saturation (SpO,) is mea-
sured in either the right hand (pre-ductal) or foot (post-
ductal). Screening at both locations can occur simultane-
ously or in direct sequence. Post-ductal measurement of
SpO, is important because defects with right-to-left shunt-
ing of desaturated blood through the ductus arteriosus
will not be detected with only pre-ductal measurement. A
cutoff SpO, value of < 95 percent is used as it provides a
sensitivity of around 75 percent and specificity > 99 per-
cent (11-14).

Pulse oximetry, during last decades, has been con-
sidered as a simple, painless, fast, inexpensive and non-
invasive method that represents the percentage of oxy-
genated hemoglobin in the blood and shows some hypoxia
scales in severe cyanotic heart disease which are not clin-
ically apparent (2, 15-18). Making decision on health eco-
nomic issues is a major concern and ultimately leads to
cost management, efficiency enhancement, and optimal
allocation of limited funds. Hence conducting an eco-
nomic evaluation on diagnostic methods for CHD has a
critical role during infancy.

2. Methods

Cost-effectiveness studies that assessed the direct med-
ical costs on pulse oximetry screening for congenital heart
disease in full-term newborns were identified through
a pragmatic literature review conducted in different
databases includeing MEDLINE, EMBASE, PubMed, Science
Direct, Google Scholar, Scopus, National Health Service Eco-
nomic Evaluation Database (NHS EED), European Network
of Health Economics Evaluation Databases (EURONHEED),
Science Citation Index (Web of Knowledge), EconlLit, The
Cochrane Library (Cochrane Database of Systematic Re-
views(CDSR)), Cochrane Methodology Register, Database
of Abstracts of Reviews of Effects (DARE) and Health Tech-
nology Assessment (HTA) Database, Maglran and SID from
1995 up to March 2020 in English and Persian language
by using a combination of key and MeSH Terms: Cost-
Effectiveness Analysis (CEA), Cost-Utility Analysis (CUA),
Cost-Benefit Analysis (CBA), Economic Evaluation, Congen-
ital Heart Disease, Neonatal Screening and Pulse Oximetry.

2.1. Inclusion Criteria

Studies were included

« If they focused on the use of pulse oximetry in mature
infants.

« Original studies that performed a full economic eval-
uation (including CEA, CUA, and CBA).

o Implemented models like the Markov model or ana-
lytic decision tree.

¢ Reported QALY, LYG, DALY, the number of timely de-
tected or additional timely detected cases (TD/ATD) and
ICER.

 Papers published during the years from 1995 up to
March 2020, with available full texts.

« Papers published in English or Persian language.

2.2. Exclusion Criteria

Studies were excluded if they

o Were designed as partial economic evaluation (such
as those evaluating effectiveness, cost saving analysis (CSA)
and cost analysis (CA)), or assessed the quality of life.

« Not considered as actual cost-effectiveness analysis
(methods or protocol papers).

o Assessed the prenatal examinations as a screening
method to detect CHD.

« Assessed the pre-term infants to detect CHD.

« Conference paper abstracts where full analysis was
notavailable, case reports, case series, review, abstract, and
editors.

o Lacked sufficient quality of methodology or having
inadequate quality based on the CHEERS checklist.

2.3. Quality Assessment of the Studies

The quality of the methodology of the studies was eval-
uated using the CHEERS checklist to assess the method-
ological quality of the selected studies (19). Any disagree-
ment between the two authors was resolved through the
involvement of a third author, who acted as the final ref-
eree.

Items of the checklist that were completely met in the
studies received a score of 1and marked with the symbol of
“Y”; items that were partially met in the studies received a
score of 0.5 and marked with the symbol of “P”, and items
that were not fulfilled at all received a score of zero and
marked with the symbol of “N”. Studies with a score above
85% have been considered as excellent quality, studies with
a score of < 70% - 85% as very good quality, papers with
a score of < 55% - 70% as good quality, and articles with a
score of less than 55% were classified as poor quality. Based
on theresults, 3 articles received a score above 85% and had
“excellent” quality and 4 articles with a score of 70% - 85%
rated as “very good” ones (Table 1).
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3. Data Extraction

After selecting the studies, two authors independently
extracted relevant information. The key features included
the following: the surname of the first author, year of
publication, country of study, study population, mean age
of patients, alternative options for comparison, outcome
measure, time horizon, study model, study perspective,
cost, type of sensitivity analysis, discount rate for cost, ef-
fectiveness, and ICER (Tables 2 and 3).

4. Results

In the initial search of databases, a total of 1959 eligi-
ble studies were identified. Of all, 405 studies due to du-
plication were removed. Keywords, titles and abstracts of
the 1554 remaining articles were assessed and 1328 articles
that were not related to the topic were excluded. Then a to-
tal of 226 related articles were identified for the next phase
of the review. After reviewing the full text of the remain-
ing articles, 217 articles were also removed due to failure to
meet the exclusion criteria. Of the 9 remaining studies that
enrolled into the next phase of study, 2 were excluded due
to inadequate report or lack of proper methodology eval-
uated with the CHEERS checklist. Finally, 7 studies were in-
cluded. Figure 1 shows an overview of search steps based
on PRISMA guidelines.

The general outlines of the articles included in this
study are presented in Table 2. The studies come from the
United Kingdom (20, 21), the United States (22), China (23),
the Netherlands (24), Canada (25) and Colombia (26). Ex-
cept one study that was published in 2007 (20), the others
were published in the recent years (21-26). The target pop-
ulation and their age were almost close. All of the studies
focused on the first hours after birth of full-term neonates.
The largest population comes from the Chinese study fol-
lowed by the United States, and all studies together pro-
vided approximately 20 million of neonates’ population.
All studies have used one-way sensitivity analysis. Four
studies used the decision tree (20-22, 26), two studies used
the Markov (23, 24) and one study used both the decision
tree and Markov model (25). The discount rate has been
specified just in two of the studies due to their time hori-
zons (lifetime) (23, 25). There are four types of health out-
comes (QALY-LYs-DALY-Timely Diagnoses) in the studies. So
in order to come to a comprehensive conclusion, their re-
sults are summarized and analyzed together. The Indices
of economic evaluation of the studies are presented in Ta-
ble 3.

Except two studies with societal perspective, most re-
viewed studies have followed the healthcare sector per-
spective (20-22, 24, 25), as is conventional for clinical inter-
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Records identified through
database searching
(n=539)

Additional records identified
through other sources
(n=1420)

Records after duplicates removed
(n=405)

Records Screened (n =1554)

Records excluded (n =1328)

Full text articles assessed
for eligibility
(n=226)

Full -text articles excluded,
with reasons (n =217)

Studies included in
qualitative synthesis (n=7)

[ Included }[ Eligibility }[ Screening j [Identification}

Figure 1. Process of paper selectin

ventions (23, 26). For instance Trujillo et al. investigated
the budget impact for utilization of pulse oximetry and
showed although health system paid in Colombia is cov-
ered by insurance companies, it still had a high economic
impact(for CHD) on the Colombian health system and fam-
ilies. They estimated a considerable increase on the bud-
get impact from $2,512,359 to $5,069,018 if the percent of
screened newborns with pulse oximetry increases from
10% to 20% (26). In another study with societal perspec-
tive, costs of screening methods were estimated based on
some items such as salaries of doctors and nurses, average
screening time, equipment and its maintenance services
like pulse oximetry devices and reusable sensor with wraps
and also costs for implementing screening program by
Tobe et al. They concluded that in light of China’s low “ceil-
ing” levels on threshold, out of pocket payment and var-
ious restrictions on reimbursements, particularly for ru-
ral and rural-to-urban migrant children; neonatal screen-
ing for detecting CHD imposed additional costs on families
and also on the health care sector. They estimated a notable
increase in costs from In $2,798,053 to In $3,172,834 when
clinical assessment and pulse oximetry were using respec-
tively (23).

Timely diagnosis as health outcome varies from 30
additional timely diagnosis (21) to 70.6 timely diagnosis
(20) per 100,000 live births in the UK, twice the propor-

Iran ] Pediatr. 2020; 30(5):€105393.

tion detected by clinical examination, and ranged ICERs
from £1,489 (20) for using pulse oximetry alone to £24,000
(21) using pulse oximetry in addition to clinical assess-
ment; both of these studies suggested pulse oximetry as a
cost-effective screening method. This method was a cost-
effective method not only on timely diagnosis but also on
saving the number of lives during infancy; for example in
Peterson’s study (22), those born through pulse oximetry
screening had an ICER of $40,385 per life-year gained with
614 life-years saved annually and $20,862 per case identi-
fied with CHD at hospital birth with 1189 additional diag-
nosed newborns and 20 additional infant deaths averted
per year in America. Mukerji's study (25) showed that us-
ing pulse oximetry screening improved QALMs by 0.03, as
compared with usual care and led to an overall gain of
3682 QALMs or 307 QALYs per birth and related with an es-
timated 51 additional cases of CCHD diagnosed in a timely
fashion annually and a 92.3% chance of being cost-effective
at basic ICER threshold per QALM. And although the life-
time cost to the healthcare payer per individual with pulse
oximetry and without pulse oximetry were nearly identi-
cal, this service was more cost-effective than usual care ser-
vices in the Ontario State. In Tobe’s study (23), however
pulse oximetry method was much more expensive than no
intervention, results showed that using this method not
only reduced the burden of the disease by up to 30% with
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an ICER of Int $5,728 per DALY at the basic threshold but
also using pulse oximetry alone compared to no interven-
tion was the dominated strategy per averted DALYs in the
short time and using it adjunct to clinical assessment sig-
nificantly yielded the best health outcomes when thresh-
old raised from $34,857 to $75,000 per DALY.

In two different studies with adoption of a two-step
strategy, an improvement in timely additional CHD cases
has been approved: Narayen’s study (24) in the Nether-
lands with two time points (1st day of birth and 3rd day
of life) conducted for both of hospital and home births
to compare a situation with and without pulse oximetry
andresulted in 12 additional newborns detected with pulse
oximetry. In Londono Trujillo’s study (26) in Colombia also
with two time points (1st day of birth and at the end of
first year of life) was conducted to compare pulse oxime-
try as a complement for the clinical examination versus
the clinical examination on its own to detect CHD in new-
borns and showed that pulse oximetry is a cost-effective
strategy in the early diagnosis of CCHDs, while implement-
ing this screening considering survival rate was not cost ef-
fective in the threshold defined (US$ 26.292). The reported
results in the mentioned studies showed that implement-
ing of pulse oximetry for additional timely detecting of
neonatal CHD was a cost-effective method and the highest
and lowest ICERs in first phase of two phases annually were
€139,000 (24) and $100 (26) per infant respectively, while
among the rest five reviewed studies that have been done
in one phase or one point of time with similar health out-
come, the highest and lowest ICERs belonged to two differ-
ent studies in the UK with £24,000 (21) - £1,489 (20).

5. Discussion

This study is the first systematical review in the last two
decades that has comprehensively analyzed the economic
aspects and effectiveness of the pulse oximetry diagnostic
method. Most reviewed studies were conducted in high-
income countries (USA, Europe, and Canada); however, we
also included studies from upper middle-income coun-
tries (China and Colombia), which increases the generaliz-
ability of review findings. The present study showed that
accompanying of clinical examination, the pulse oxime-
try screening for detecting full-term newborns with CHD is
more cost-effective than other current screening services.
However regarding to economic level of countries and dif-
ferent health outcomes, summarizing the results creates
some challenges due to variation of ICER values reported
by the reviewed studies.

This diversity comes from different health outcomes
and variable costs. In terms of health outcomes, effective-
ness depends on the type of monitoring, skill of performer,

time spent on monitoring, type of equipment and mea-
sured outcome. For example based on health outcome, in
the Tobe’s study (23), DALY has been used as a measure anal-
ogous to the QALY, so it should be noted that the “disabili-
ty” weights used to calculate DALYs refer to any short term
or long-term loss of health, therefore it assessed morbidity
rather than disability; and researchers did not explain how
the DALY estimates were generated.

The wide variability in the costs may relate to the na-
ture of models created, data used, different thresholds,
out-of-pocket payments for medical expenses, access to
health care and reimbursement. For example lack of ac-
cess to health care, especially advanced pediatric cardio-
vascular cares, out-of-pocket payments for these high-level
services and variousrestrictions on reimbursements range
from a remarkable difference of 25% to 75% on follow-up
in China (23); or in the threshold defined, considering the
survival rate in late detection, pulse oximetry strategy cre-
ated more costs and took it out of being cost effective in
Colombia (26). Based on the results, it can be said that the
development of infrastructural aspects of screening pro-
grams such as using pulse oximetry strategy in the future,
its implementation and follow-up within longer time peri-
ods, and the increase in the number of patients covered by
the service (to increase scale efficiency) in upper-middle in-
come countries will further improve the cost-effectiveness
of this safe and non-invasive diagnostic method as com-
pared with no intervention without the need to estimate
the indicators and could make this method a dominant op-
tion, rather than current strategy (no intervention).

However most of the challenges belonged to middle
income countries; there was some unmatched results in
some developed ones, for example findings showed that
although at basic threshold of €20,000 per gained QALY
in the Netherlands, the two points of time screening with
pulse oximetry was cost-effective, the ICER of detected ba-
bies at 3rd day of birth was remarkably lower than ist
day of life (24). This unexpected difference of ICERs be-
tween two time points could be interpreted from two di-
rections. Firstly, it shows a situation in which using early
pulse oximetry strategy detects more false positive cases
and consequently increases the ICER, secondly it is possible
that the number of missing infants with CHD increases at
the 3rd day after birth, especially in the Netherlands where
home birth delivery contains 18% of all normal deliveries.
So it needs to be locally evaluated by much more details to
make the interpretation of the results more obvious.

Regarding health outcomes, the results showed that
the pulse oximetry diagnostic method improved infants’
QALYs, decreased lost years, reduced unnecessary visits, the
short-term morbidity, mortality and length of hospital stay
in case of timely diagnosis of CCHD. The findings identified

Iran ] Pediatr. 2020; 30(5):€105393.
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that using the pulse oximetry strategy reduced the pro-
longed hypoxemia to vital organs and increased surviving
and moreover dramatically declined the adverse events,
and minimized the cost to the healthcare system by min-
imizing the effect of ambiguity in steps that need to be
taken and would maximize the effect of pulse oximetry
method (20-22, 25, 27, 28). In general, studies showed that
implementing of pulse oximetry for timely detecting of
CHDin neonates on different scenarios (using pulse oxime-
try alone or adjunct to current screening programs) was
cost-effective; these results actually were a rational con-
firmation on Abouk’s study (29), in which they reported
a reduction in early infant deaths from CCHD from 33.4%,
with an absolute decline of 3.9%, after states implemented
mandatory screening compared with prior periods and
states without screening policies in America (5).

Although evidence of these reviewed studies sug-
gested that pulse oximetry was likely to be cost-effective,
most of studies investigated this method within a short pe-
riod and we could not assess the long-term costs and ben-
efits per QALY, which is of high importance for policy mak-
ers. Hence it is essential to be more cautious when gen-
eralizing the results and utilizing them for making poli-
cies; moreover, further studies must be conducted under
local conditions especially in cases where the lack of cost
effectiveness is attributed to high costs. Taking into ac-
count that most of the studies were designed and con-
ducted in high-income and upper middle-income coun-
tries; thus, generalizing these results in low- and middle-
income countries will be argumentative in different con-
texts and state of affairs. Therefore, if policy makers in-
tend to implement the pulse oximetry method in their
own healthcare systems, they should design and conduct
specialized studies according to income level in their local
setting with the help of specialists and experts in health
€COoNnomics.

5.1. Limitation

Based on the heterogeneity among these studies in
terms of modeling approach, studies time frames, health
outcomes considered, assumptions and parameters, lim-
ited conclusions can be drawn with regard to the absolute
cost-effectiveness. And also due to no calculation of the
costs in the reviewed studies, we did not include treatment
costs in this analysis, whereas it is estimated that the dura-
tion and amounts of hospital admissions would be higher
in case of late detection of CCHD. In addition this system-
atic review was limited by the search approach, only stud-
ies written in the English and Persian languages were in-
cluded.

Iran ] Pediatr. 2020; 30(5):€105393.

6. Conclusion

Based on the results of the studies reviewed in this
systematic review, clinical care plus pulse oximetry is a
cost-effective diagnostic method for detecting congenital
heart defects in full-term neonates in high/upper middle-
income countries. In general, this type of diagnostic
method can help to reduce the third party payers’ expendi-
tures and increase the number of timely diagnosis among
neonates and can be an appropriate alternative for the clin-
ical assessments alone and other high expensive methods
such as cardiac ultrasound for well-being newborns. So it
is worthwhile to design and implement other economic
evaluation studies under local conditions in low-income
or less developed countries in which naturally associated
with some limitations and utilize their results to make the
best decisions.
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