Open access Original research

Costs associated with retinopathy of
prematurity: a systematic review

BM)J Open

To cite: Gyllensten H,

Humayun J, Sjobom U,

et al. Costs associated with
retinopathy of prematurity:

a systematic review and
meta-analysis. BMJ Open
2022;12:¢057864. doi:10.1136/
bmjopen-2021-057864

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2021-057864).

Received 29 September 2021
Accepted 04 November 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY.
Published by BMJ.

'Institute of Health and

Care Sciences, University of
Gothenburg, Goteborg, Sweden
ZCentre for Person-Centred
Care, University of Gothenburg,
Goteborg, Sweden
*Department of Clinical
Neuroscience, Institute of
Neuroscience and Physiology,
University of Gothenburg,
Goteborg, Sweden

Correspondence to
Professor Hanna Gyllensten;
hanna.gyllensten@gu.se

and meta-analysis

Hanna Gyllensten
Ann Hellstrém

ABSTRACT

Objectives To review and analyse evidence regarding
costs for retinopathy of prematurity (ROP) screening,
lifetime costs and resource use among infants born
preterm who develop ROP, and how these costs have
developed over time in different regions.

Design Systematic review and meta-analysis

Data sources PubMed and Scopus from inception to 23
June 2021.

Eligibility criteria for selecting studies Included studies
presented costs for ROP screening and the lifetime costs
(including laser treatment and follow-up costs) and
resource use among people who develop ROP. Studies

not reporting on cost calculation methods or ROP-specific
costs were excluded.

Data extraction and synthesis Two independent
reviewers screened for inclusion and extracted data,
including items from a published checklist for quality
assessment used for bias assessment, summary and
random-effects meta-analysis for treatment costs.
Included studies were further searched to identify eligible
references and citations.

Results In total, 15 studies reported ROP screening costs,
and 13 reported lifetime costs (either treatment and/

or follow-up costs) for infants with ROP. The range for
screening costs (10 studies) was US$5-US$253 per visit,
or US$324-US$1072 per screened child (5 studies). Costs
for treatment (11 studies) ranged from US$38 to US$6500
per child. Four studies reported healthcare follow-up costs
(lifetime costs ranging from US$64 to US$2420, and 10-
year costs of US$1695, respectively), and of these, three
also reported lifetime costs for blindness (range US$26
686-US$224 295) using secondary cost data. Included
papers largely followed the quality assessment checklist
items, thus indicating a low risk of bias.

Conclusion The costs of screening for and treating ROP
are small compared with the societal costs of resulting
blindness. However, little evidence is available for
predicting the effects of changes in patient population,
screening schedule or ROP treatments.

PROSPERO registration number CRD42020208213.

INTRODUCTION

Improvements in neonatal care have resulted
in increased survival among children born
preterm,' but these infants are at risk of
developing  preterm-related  morbidities
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= PubMed and Scopus were searched systematically.

= Since manual search of reference lists and citations
of the identified papers did not identify additional
studies, the database search had good coverage of
the topic of investigation.

= The main limitations of this work were the exclusion
of grey literature and the lack of analyses of publi-
cation bias for the meta-analysis.

= Where lack of variance information in included stud-
ies hindered meta-analysis, guidance for synthesis
in systematic reviews without meta-analyses were
followed.

such as retinopathy of prematurity (ROP).
ROP is characterised by abnormal neurovas-
cular development and, in its worst forms,
retinal detachment and blindness.” Although
preventable, ROP is the leading cause of
blindness in children worldwide,” a ranking
associated with the survival of infants with
extremely low gestational age and birth
weight in some parts of the world, and use of
unmonitored treatments with 100% oxygen
in other regions.”

ROP  management and  treatment
economics are still challenging in many health
systems because of screening-associated
costs, patientrelated costs and medicolegal
liability.* Thus, there is an urgent need for
more concerted efforts to guide healthcare
providers in how to use resources efficiently,
both in developing economies during a phase
of improving survival of preterm infants, such
as in many parts of Africa,” and in countries
like Sweden with major neonatal morbidities
still affecting a large proportion of those who
survive.’

Here, we present an overview of costs asso-
ciated with ROP screening and treatment,
examining the evidence related to costs for
ROP screening and lifetime costs (including
laser treatment and follow-up costs) and
resource use among infants born preterm who
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develop ROP. We also examine the trajectories of these
costs over time in different regions in a meta-analysis.

METHODS

This work followed the Preferred Reporting Items for
Systematic Review and Meta-Analysis (ie, PRISMA),’
with protocol available in PROSPERO (reference
CRD42020208213).°

Article search

PubMed and Scopus were searched (online supplemental
eTable 1, 23 June 2021) to identify original research on
costs for ROP, including full cost or cost increases associ-
ated with ROP, without restricting language, publication
date or country. Papers were thus included if presenting
costs for ROP screening or lifetime costs (including laser
treatment and follow-up costs) and resource use among
people who develop ROP. Lifetime costs can for example
include follow-up healthcare costs but also productivity
loss due to blindness or other cost components occurring
due to visual impairment later in life. Articles that did not
describe the cost calculation method were excluded, as
were those not presenting the costs for the group with
ROP separately.

Rayyan QCRI was used for handling duplicates and
the selection of studies for inclusion. Two independent
reviewers (JH and CL or HG) searched the databases,
screened articles for eligibility, extracted data using
a prespecified data extraction sheet (online supple-
mental eTable 2), and handsearched included studies (7
July 2021) to identify eligible references and citations.
Conflicting views were resolved by discussion with a third
reviewer (CL or HG).

The data extraction sheet included items (online
supplemental eTable 2) from a published checklist for
quality assessment of economic evaluations’ including a
core set of items relevant in assessing the risk of bias in
included studies. The 19 checklist items covers design
and methods, population and generalisability, as well
as ethics and funding, answered as yes or no during the
assessment. To aid reading, summary scores indicating
the items answered as Yes for each paper were calcu-
lated, thus a high summary score indicates that many of
the items were covered. Quality of evidence was rated on
a scale from 1 to 5 for individual articles, according to:
1=for example, properly powered randomised controlled
trials; 2=for example, prospective cohort studies; 3=for
example, retrospective cohort studies; 4=case series with
or without intervention or cross-sectional study; b=for
example, opinion of respected authorities.'’

Analysis

Conventional screening (excluding telemedicine costs),
laser treatment and long-term follow-up costs were
reported, respectively, accounting for ROP severity and
differences over time and between countries. Identified
costs were adjusted to 2020 US dollars (US$) using annual

exchange rates'' and the Organisation for Economic
Co-operation and Development inflation factor.'* After
imputation of missing variance based on the percentage
variance in studies presenting such information, treat-
ment costs were summarised in a forest plot, by year and
subgroups using the World Bank country classification
based on gross national income per capita,'” as cost levels
can be expected to differ.

Patient and public involvement

This project did not include patient or public involvement
in developing the research questions, design, conduct,
choice of outcome measures or recruitment.

RESULTS

Of the 503 studies screened after duplicates from the data-
bases were removed, 123 were assessed for eligibility based
on full text, and 19 studies were included in the synthesis
of results (online supplemental eFigure 1). Reasons for
exclusion were absence of data on costs associated with
ROP, lack of original data or inclusion of data related
only to insurance payments or litigation. No additional
studies were identified by a hand search of references and
a Scopus search of citations of included studies. An over-
view of all included studies'*™ is presented in table 1,
including references to secondary cost sources.””™ In
total, 15 studies covered screening costs and 13 reported
lifetime costs (treatment and/or follow-up costs) for
infants who developed ROP.

Twelve studies were conducted in high-income econ-
omies: seven in the USA, two in Canada and one each
in the UK, Netherlands and France. Three studies were
conducted in uppermiddle-income economies: one
each in Peru, Thailand and Brazil. Three studies were
conducted in lower-middle-income economies: two
in India and one in Iran. One study was conducted in
both the United States and Mexico (table 1). All studies
reported the economic analyses using either US dollars,
euros or local currency. The patient populations in all
studies were infants at risk for ROP, although the studies
used different inclusion criteria based on gestational age
at birth and birth weight. In addition, the ROP definition
for stages and treatment criteria varied with the timing of
the study and international guidelines for classification at
that time.

Risk of bias in included studies

The quality assessment indicated a high overall quality
of the included studies (online supplemental eTable
3), with 16 of 19 of them fulfilling at least 16 of the
assessed criteria. However, eight studies did not fulfil the
criteria for discounting future costs and outcomes or for
subjecting results to sensitivity analyses to address the
effects of assumptions. In addition, 14 studies met criteria
regarding the reporting of incremental analysis and
potential conflicts of interest. Thus, overall, the assess-
ment suggested a low risk of bias in the included papers,
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Figure 1 Map of data availability and costs per (A)
screening visit and (B) treatment. The map illustrates reported
costs or means of reported costs per country for included
studies in US$. In studies presenting only total screening
cost per infant or by first/follow-up visits,'® 2% %2 the cost
level per screening was calculated under the assumption of
four screening visits per infant. Where only screening cost
per eye was reported,®® it was duplicated to obtain the cost
level per screening. In studies reporting only unit cost per
treatment,?° 28 the unit cost was assumed to indicate the
cost level of treatment per infant. where costs were reported
separately for unilateral and bilateral treatment,?® a weighted
mean cost was calculated assuming that 75% of treatments
were bilateral.

~ Py

and also indicated where lack of reporting on potential
conflicts of interest was most problematic. Quality of
evidence ranged from 1 to 5 for individual articles, with
articles most commonly based on data from retrospective
cohort studies (evidence rating 3; nine publications).

Costs for ROP screening
Studies reporting costs related to screening had different
designs: six were retrospective cohort studies using
medical chart review or register data,'” '® #2230 pine
developed economic models'? ' #* 27293132 and two were
public intervention studies related to the introduction
of ROP screening programmes.17 ¥ Although the assess-
ment indicated a low risk of bias, screening costs differed
substantially among reporting countries (figure 1A).
Costs for routine ROP screening, excluding transpor-
tation costs, are reported in table 2. Ten studies reported
a mean unit cost per screening of US$137 (range:
5-253). In addition, five studies reported a mean cost per
screened child of US$553 (range: US$324-US$1072). Of
these, two studies reported comparably low costs®' ** for
staff and equipment, whereas Rothschild et al'’ reported
comparably higher costs in the US setting. One study also
included transportation costs,”” and when these costs

were removed, screening cost was comparably low. The
other studies reported similar costs for screening per
child (range: US$324-$602).% **

Javitt et al* reported a mean unit cost of US$183 for
a first screening and of US$149 for follow-up screening,
whereas Lee et al’ reported a mean unit cost of US$112
for screening one eye. Finally, two studies from India'” '
reported screening costs of US$1003 and US$630, respec-
tively, for identifying one child with ROP.

In studies comparing alternative screening or treat-
ment options, no common comparator was identified.
The incremental cost reported in Black et af** indicated
a savings associated with higher gestational age at birth
(table 1). Jackson et al’ used economic modelling to
estimate the cost-utility of ROP screening using telemed-
icine versus conventional ROP screening. Javitt et af”
used modelling to compare weekly, biweekly or monthly
screening.

Costs for ROP treatment

In all, 14 studies reported costs related to the laser treat-
ment of ROP (figure 1B). Four studies of treatment costs
were retrospective cohort studies,”’ ** * % eight were
modelling studies' ' 2! 2 # 202931 354 two were public
intervention studies.'” '® In addition, two of the included
studies® ** reported costs for cryotherapy (not included
in the analyses below).

Eleven studies reported total treatment costs per child,
at a mean US$2442 (range: US$38-US$6500). Castillo-
Riquelme et al* found unilateral treatment costs up to
US$1165 and bilateral treatment costs up to US$1514,
based partially on secondary data from Brown et al®
Two studies® *° cited unit costs of laser treatment of
US$4065 and US$5661, respectively. Laser treatment
costs are reported in table 2. Dave et al’* described costs
for screening and treatment combined (US$2962) in a
cohort of children with blindness.

Accounting for the low assessed risk of bias but large
expected variation based on cost-levels of individual coun-
tries, the meta-analysis by country classification (figures 2
and 3) estimated the average costs in high-income econo-
mies to US$2960 (95% CI US$2003 to US$3917). Corre-
sponding figures were US$329 (95% CI US$9 to US$649)
in upper-middle-income economies and US$3692 (95%
CI US$670 to US$6715) in lower-middle—income econ-
omies, respectively. Most studies did not report variance
of results, making publication bias analysis unfeasible.
However, model diagnostics (I and Cochrane Q) indi-
cated high heterogeneity between studies within each
country classification, which suggests that the results from
the meta-analysis should be interpreted with caution.

Follow-up costs and resource use among infants born preterm
and developing ROP

Only four studies reported follow-up costs occurring
after screening and treatment, and although the risk
of bias was assessed as low, the reported results largely
differed between studies. Castillo-Riquelme et al”’
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Table 2 Costs for screening for ROP among preterm infants (in 2020 values)

Screening costs

Treatment costs

Mean per Mean per
exam infant Mean per infant Evidence
# First author (year) (US$) (US$) (US$) rating Cost inclusion
1 Mohammadi - - 1169 4 Charges
(2021)"
2 Moitry (2018)'® 44 - - 3 Direct cost
3 Isaac (2018)'® HSN: 342 - - 3 Direct cost not including equipment
RVH: 371
4 Kelkar (2017a)" 253 - 6500 4 Direct cost including equipment
and labour
5 Kelkar (2017b)'® 210 - 4137 4 Direct cost including equipment
and labour
6 Rothschild (2016)° UsS: 1072 US: 4413 4 Direct cost including equipment
Mexico: 362 Mexico: 552 and labour
7 van der Akker-van 160 - 4064~ 3 Direct cost
Merle (2015)%°
8 Wongwai (2015)>' 5 = 38 2 Charges including equipment and
labour
9 Black (2015)% = = = 3 =
10 Zin (2014)% 20 = 450 5 Direct cost including equipment
and labour
11 Dave (2012)* - - - 3 -
12 Dunbar (2009)?° 119 405 1759 3 Charges
13 Kamholz (2009)*® 250 = 5661* 5 Charges
14 Jackson (2008)" 205 = = 1 Charges
15 Yanowitch (2006)® - 324 2814 3 Charges
16 Castillo-Riquelme 106 602 Unilateral: 1165 5 Direct cost including equipment
(2004)?° Bilateral: 1514 and maintenance
17 Lee (2001)*° Unilateral: 112 - 2507 3 Direct cost
18  Brown (1999)' = = 2527 1 Charges
19 Javitt (1993)% First: 183 = = 3 Charges
Follow-up: 149

Evidence rating indicates the quality of evidence rating of included studies: 1=for example, properly powered randomised controlled trials;
2=for example, prospective cohort studies; 3=for example, retrospective cohort studies; 4=case series with or without intervention or cross-

sectional study; 5=for example, opinion of respected authorities.
*Unit cost per treatment.

HSN, Health Sciences North in Sudbury; ROP, etinopathy of prematurity; RVH, Royal Victoria Hospital in Barrie.

reported healthcare follow-up costs over 10 years of up
to US$1695. Dave et al** reported a lifetime follow-up
visit cost of US$64 and a blindness cost of US$146 952.
Rothschild et al' reported lifetime follow-up health-
care costs of US$1681 (USA) and US$2420 (Mexico),
whereas the costs for blindness were estimated to be
US$92 460 (USA) and US$26 686 (Mexico). Wongwai
et al’' reported the lifetime costs of blindness to be
US$224 295. In addition, Black et al*® reported the costs
per quality-adjusted life-year (QALY) associated with
ROP and other comorbidities associated with being
born preterm.

DISCUSSION

The studies we identified could be grouped by whether
they reported costs for screening, costs for treatment or
costs (and QALYs) during long-term follow-up or even
from a lifetime perspective. The cost range per ROP
screening was US$5-US$253 per visit, or US$324-US$1072
per screened child. Costs for ROP treatment ranged from
US$38-US$6500 per child. In addition, four studies
reported healthcare follow-up costs, and three reported
lifetime costs using secondary data on costs for blindness.
Although quality assessment indicated a low risk of bias,
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Mean cost

Study with 95% CI

Mean cost

High-income economies

Rothschild et al, US (2016) (ER:4)

van der Akker-van Merle et al, NL (2015) (ER:3)
Dunbar et al, (2009) US (ER:3)

Kamholz et al, US (2009) (ER:5)

YYanowitch et al, US (2006) (ER:3)
Castillo-Riquelme et al, UK (2004) (ER:5)

Lee et al, CA (2001) (ER:3)

Brown et al, US (1999) (ER:1)

Heterogeneity: £ = 1.48¢+06, I” = 82.99%, H’ = 5.88
Test of =@ Q(7) = 33.77, p = 0.00

4413.00 [ 2493.65,
4064.00 [ 2296.44,
1759.00 [ 993.96,
5661.00 [ 3948.53,
2814.00 [ 1590.11,
1426.75[ 806.21,
2507.00 [ 1416.63,
2527.00 [ 1427.93,
2960.35 [ 2003.36,

6332.35]
5831.56]
2524.04]
7373.47)
4037.89]
2047.29]
3597.37]
3626.07]
3917.34]

Lower-middle-income economies

Mohammadi et al, IR (2021) (ER:4)

Kelkar et al, IN (2017a) (ER:4)

Kelkar et al, IN (2017b) (ER:4)

Heterogeneity: # = 6.23¢+06, I* = 90.53%, H* = 10.56
Test of =0 Q(2) = 21.87, p=0.00

1169.00 [ 660.57,
6500.00 [ 3672.95,
4137.00 [ 2337.69,
3692.43 [ 669.58,

1677.43]
9327.05]
5936.31]
6715.28]

Upper-middle-income economies

Rothschild et al, MX (2016) (ER:4)

Wongwai et al, TH (2015) (ER:2)

Zin et al, BR (2014) (ER:5)

Heterogeneity: £ = 72208.92, I* = 92.23%, H* = 12.87
Test of 9= @ Q(2) = 33.95, p = 0.00

552.00[ 311.92,

38.00[ 16.44,
450.00 [ 254.28,
32916  8.93,

792.08]

59.56]
645.72]
649.39]

Overall
Heterogeneity: ¢ = 3.02e+06, I? = 98.98%, H’ = 98.06
Test of 9= @ Q(13) = 269.57, p = 0.00

2473.47 [ 1502.80, 3444.15]

Test of group differences: Q,(2) = 30.11, p = 0.00

0 5000 10000

Random-effects REML model

Figure 2 Forest plot of treatment costs, by country
categorisation. In parentheses, ER of included studies: 1=for
example, properly powered randomised controlled trials;
2=for example, prospective cohort studies; 3=for example,
retrospective cohort studies; 4=case series with or without
intervention or cross-sectional study; 5=for example, opinion
of respected authorities. Country abbreviated according to
ISO code. ER, evidence rating; REML, restricted maximum
likelihood.

comparisons between studies were challenging because of
the lack of detailed cost and resource use data.

To our knowledge, this is the first systematic review
of ROP costs. Included papers largely followed the
quality assessment checklist items of a commonly used
tool,40 thus indicating a low risk of bias. However, few
of the included articles reported disaggregated cost and
resource use data or detailed the included cost compo-
nents, as is recommended for economic evaluations.*!
The main limitations of this work were the exclusion
of grey literature and the lack of analyses of publica-
tion bias for the meta-analysis. Guidance for reliability
in systematic reviews of retinal disorder interventions*
was fulfilled, but the standards for systematic reviews of
costs and cost-effectiveness studies were not due to the
lack of grey literature assessment.*” Also, since costs were
reported purely in a descriptive manner no sensitivity
analyses were conducted for alternative categorisations of
cost components or country classifications. While not a
limitation specific to this analysis but rather of the lack
of variance information in the included papers, the find-
ings from the meta-analysis of treatment costs needs to
be interpreted with caution after variance was imputed.
This lack of variance information also made meta-analysis
of screening costs unattainable, since no basis for impu-
tation was available. Moreover, the search strategy and

Study with 95% CI
High-income economies
Brown et al, US (1999) (ER:1) 2527.00 [ 1427.93, 3626.07] ——
Lee et al, CA (2001) (ER:3) 2516.92 [ 1742.86, 3290.99] -
Castillo-Riquelme et al, UK (2004) (ER:5) 2039.56 [ 1240.70, 2838.41] -
Yanowitch et al, US (2006) (ER:3) 2193.88 [ 1478.16, 2909.59] -
Dunbar et al, US (2009) (ER:3) 2056.83 [ 1508.58, 2605.09] -
Kambholz et al, US (2009) (ER:5) 2634.39[ 1579.11, 3689.66] ——
van der Akker-van Merle et al, NL (2015) (ER:3) 2798.19[ 1805.71, 3790.68] ——
Rothschild et al, US (2016) (ER:4) 2960.35 [ 2003.36, 3917.34] ——
Lower-middle-income economies
Kelkar et al, IN (2017a) (ER:4) 6500.00 [ 3672.95, 9327.05] — -
Kelkar et al, IN (2017b) (ER:4) 5056.60 [ 2798.51, 7314.69] —a—
Mohammadi et al, IR (2021) (ER:4) 369243 [ 669.58, 6715.28] ——
Upper-middle-i
Zin et al, BR (2014) (ER:5) 45000 254.28, 64572 M
Wongwai et al, TH (2015) (ER:2) 23205[ -171.03, 635.12] &
Rothschild et al, MX (2016) (ER:4) 32016[ 893, 649.39] W

0 5000 10000

Random-effects REML model

Figure 3 Forest plot of treatment costs, cumulative

results by year and country categorisation. in parentheses,
ER of included studies: 1=for example, properly powered
randomised controlled trials; 2=for example, prospective
cohort studies; 3=for example, retrospective cohort studies;
4=case series with or without intervention or cross-sectional
study; 5=for example, opinion of respected authorities.
Country abbreviated according to ISO code. ER, evidence
rating; REML, restricted maximum likelihood.

databases are expected to cover largely English-language
literature was limited to only two databases, but the refer-
ence and citation search yielded no additional studies to
include. Thus, we expect our findings to represent a good
overview of the available evidence, and that regardless the
reservations associated with the meta-analysis to repre-
sent current knowledge about costs related to screening
and treatment of ROP.

Cost components for ROP screening included staff
salaries/time, equipment and maintenance, supplies
and staff training. Screening costs for ROP were low
compared with other associated costs and, with few excep-
tions, of the same order of magnitude in the included
studies. Exceptions were probably attributable to salary
differences.

Screening access and schedules vary between coun-
tries.** With the possible exception of Javitt et al,’® the
included studies provided little evidence for how casemix
and alternative screening schedules affect costs for
screening. Savings are expected, however, and a model-
ling study using published cost data calculated an annual
cost savings from reduced screening of US$3 million
in the USA.*® However, with low screening costs, the
main benefit is reduced discomfort for the infants and
reduced travel costs, which can be substantial.’® The
most considerable potential for savings on screening is
probably increasing gestational age. US data indicate
that ROP frequency increased over time, particularly in
infants born very preterm,*® and infants of lower gesta-
tional age usually both require more screening visits and
have more severe ROP.*’ Potential savings have been
reported from screening using telemedicine (compared
with transporting infants to a specialised hospital),"” or
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using bedside screening with mobile equipment instead
of moving the infants to a specific screening facility®;
however, this review did not consider these aspects.

Treatment costs were low compared with the costs for
follow-up, with Brazil, Mexico and Peru having substan-
tially lower treatment costs than the other countries.
Both Javitt et af* and Brown et al’' reported low costs for
the historically used cryo treatment, at approximately
63% of that for laser treatment. For laser treatment, the
cost range was US$2304-$6864 per treated child. None
of the studies included the more recent antivascular
endothelial growth factor (VEGF) therapy. Moreover, no
study reported costs based on ROP stages, age of treated
infants, or plus disease status.*’ Thus, studies provide little
guidance on how treatment costs will develop over time as
more infants of lower gestational age survive.

Variation among studies in whether one or two eyes
were treated made comparisons less relevant, which may
reflect the unilateral schedule used in the historically
influential Cryo-ROP study.”’ However, Swedish regis-
ters indicate that bilateral treatment is common (76% of
initial treatments and 97% overall)*’ and that retreatment
is more frequent among infants with very low gestational
age”' and those treated exclusively with anti-VEGF.*’

When examining ROP treatment, cost components
included staff salaries/time, equipment and mainte-
nance, supplies and staff training. Sometimes anaesthesia
costs were reported separately or excluded. Transporta-
tion was also a considerable cost component in relation to
treatment.”’ Other potential costs that were not measured
include those for the added time spent in hospital or
intensive care, including parental leave, during treat-
ment. Many studies reported only total charges, which
are expected to be higher than costs to the healthcare
provider. However, use of charges as opposed to costs
was not an obvious cause of variation here. Two studies
from India'” '® reported high costs compared with other
studies of both costs and charges, possibly because of
some transportation costs remaining as part of additional
components. Thus, the apparent decrease in costs over
time in the lower-middle-income economies seen in the
meta-analysis should be interpreted with caution.

Although ROP results in high costs throughout life,
this outcome is primarily based on secondary data for
blindness. As the leading cause of preventable childhood
blindness’® and probably the leading cause of childhood
blindness in middle-income countries,53 ROP should be
associated with much of the estimated costs of blindness.
Moreover, it has been argued that costs for blindness
do not differ by cause.” Little evidence was available on
follow-up after successful, or partially successful, treat-
ment of ROP. Dave et al’* indicated three healthcare visits
over the first 7 years of life, whereas Castillo-Riquelme
et al” did not differentiate visits based on treatment or
ROP stage. Rothschild et alincluded transportation costs,
white canes, Braille equipment and supplies,' but disre-
garded other costs among children retaining sight. Thus,
although costs differ by the severity of visual impairment,”

studies of ROP costs do not tend to report this more
detailed level of sight. The current knowledge does not
inform potential savings or inform subsidy decisions for
ROP treatment developments that can save a little more
sight. Taken together, the short follow-up underestimates
the total impact of blindness,”® and not accounting for
visual impairment results in underestimating the finan-
cial impact of ROP.

There is a need for comprehensive knowledge about
the costs of ROP, both during the introduction of new
ROP screening programmes and in countries with estab-
lished programmes that are now redistributing resources
to handle the increasing survival of very preterm infants
with high disease burden. In addition to relevant cost
components of ROP (online supplemental eFigure 2),
complementary studies of the benefits of various neonatal
preventative strategies, including oxygen delivery, are
warranted because evidence of the costs resulting from
conditions such as bronchopulmonary dysplasia is also
lacking.”” Such studies should follow state-of-the-art
methods for conduct and reporting of health economic
studies.

CONCLUSIONS

Although costs of screening and treating ROP are substan-
tial for health systems, they are small compared with the
follow-up costs to society of resulting blindness. However,
little evidence is available to support predictions about
the consequences of changes in the patient population,
screening schedule or treatment regimens for ROP.
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eTable 1. Search strategy?

Database  Search string

Pubmed (((((((Retinopathy) AND Prematur*) OR ((Terry) AND Syndrom*) OR
("ROP"[Title/Abstract]) OR "Retinopathy of Prematurity"[Mesh])) AND
(("Economics"[Mesh]) OR ((economic*[Title/Abstract] OR cost[Title/Abstract] OR
costs[Title/Abstract] OR costly[Title/Abstract] OR costing[Title/Abstract] OR
price[Title/Abstract] OR prices|[Title/Abstract] OR pricing[Title/Abstract] OR
pharmacoeconomic*[Title/Abstract]))))))

Scopus ( TITLE-ABS-KEY ( "Retinopath*" ) AND TITLE-ABS-KEY ( "Prematur*" ) ) OR (
TITLE-ABS-KEY ( "Retrolental" ) AND TITLE-ABS-KEY ( "Fibroplas* ) ) OR ( TITLE-
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economic* OR cost OR cos OR costly OR costing OR price OR prices OR pricing

OR pharmacoeconomic* ) )

4 No filters or limitations were used in the searches of databases.

eTable 2. Data extraction sheet

Data extraction

e Reviewer

e Reference (APA)

e Aim/Objective

e Study design

e When was it conducted

e  Setting including country and hospital
name/database

e How is ROP severity defined

e Total study participants

e Patients with ROP (N)

e Patient group description

e  Controls (N)

e  Control group description

e Average cost of screening (total per
infant/per visit/per eye)

e  What costs are measured

e  How are the costs measured

e  Average Cost for infants with diagnosed
sight-threatening ROP

e  What costs are measured

e  How are the costs measured

e Costs from which year (if adjusted, which
year)

e  Perspective: cost analysis

e  Time horizon of cost analysis

e Funding
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reported

e  Conclusions (by author)
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3. Is a well-defined research question posed
in answerable form?

4. Is the economic study design appropriate
to the stated objective?

5. Is the chosen time horizon appropriate in
order to include relevant costs and
consequences?

6. Is the actual perspective chosen
appropriate?

7. Are all important and relevant costs for
each alternative identified?

8. Are all costs measured appropriately in
physical units?

Are costs valued appropriately?

10. Are all important and relevant outcomes
for each alternative identified?

11. Are all outcomes measured appropriately?

12. Are outcomes valued appropriately?

13. Is an incremental analysis of costs and
outcomes of alternatives performed?

14. Are all future costs and outcomes
discounted appropriately?

15. Are all important variables, whose values
are uncertain, appropriately subjected to
sensitivity analysis?

16. Do the conclusions follow from the data
reported?

17. Does the study discuss the generalizability
of the results to other settings and
patient/client groups?

18. Does the article indicate that there is no
potential conflict of interest of study
researcher(s) and funder(s)?

19. Are ethical and distributional issues
discussed appropriately
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eTable 3. Checklist for the quality appraisal of included papers (from Evers et al')

First authors Black® Brown® Castillo-Requilme*;  Dave® Dunbar’®  Isaac’  Kamholz™ Kelkar (2017a)'%;  Mohammadi'® Moitry’”  Van den Yanowitch™®  Zin®  Total
Javitt5; Jackson'® Kelkar (2017b)'® Akker-van
Qhecklist IF_:)?;;chiId7; Merle'®
ltems? Wongwai®
1 + + + + + + - + - + + + + 16
2 + + + + + + + + + + + + + 19
3 + + + + + + + + + + + + + 19
4 + + + + + + + + + + + + + 19
5 + + + + + + + + + + + + + 19
6 + + + + + + + + - + + + + 18
7 + + + + + + + + + + + + + 19
8 + + + + + + + + + + + + + 19
9 + + + + + + + + + + + + + 19
10 + + + + + + + + + + + + + 18
11 + + + + + + + + + + + + + 19
12 + + + + + + + + + + + + + 19
13 + - + + + + + - - - + + + 14
14 - - + - + - + - - + + + - 11
15 + + - - - + - - + - - + 10
16 + + + + + + + + + + + + + 19
17 + + + + + + + + + + + + + 19
18 + + + + - + + - + + - + + 15
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2 Item numbering (also in eTable 2): 1. Is the study population clearly described?; 2. Are competing alternatives clearly described?; 3. Is a well-defined research question
posed in answerable form?; 4. Is the economic study design appropriate to the stated objective?; 5. Is the chosen time horizon appropriate in order to include relevant costs
and consequences?; 6. Is the actual perspective chosen appropriate?; 7. Are all important and relevant costs for each alternative identified?; 8. Are all costs measured
appropriately in physical units?; 9. Are costs valued appropriately?; 10. Are all important and relevant outcomes for each alternative identified?; 11. Are all outcomes
measured appropriately?; 12. Are outcomes valued appropriately?; 13. Is an incremental analysis of costs and outcomes of alternatives performed?; 14. Are all future costs
and outcomes discounted appropriately?; 15. Are all important variables, whose values are uncertain, appropriately subjected to sensitivity analysis?; 16. Do the conclusions
follow from the data reported?; 17. Does the study discuss the generalizability of the results to other settings and patient/client groups?; 18. Does the article indicate that there
is no potential conflict of interest of study researcher(s) and funder(s)?; 19. Are ethical and distributional issues discussed appropriately ?
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eFigure 1. Flow diagram shows the study selection process, following the PRISMA

guidelines.?!
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# For detailed reasons for exclusion of studies that might appear to meet the inclusion criteria, but which were
excluded, see also eTable 4.

® One author® was contacted and clarified the currency of reported results. Another author!® was unsuccessfully
contacted to clarify cost perspective.

Abbreviations: ROP = Retinopathy of prematurity.
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eTable 4. Excluded articles?

Study Reason for
exclusion

Cross 1973. Cost of preventing retrolental fibroplasia?22 No original cost data.

Boncz et al., 2013. [Health-economic analysis of diseases related to Only insurance

disturbed neonatal adaptation: A cost of illness study].23 payouts.

Yo et al., 2018. Retinopathy of prematurity: the high cost of screening Transport costs but

regional and remote infants.?* no screening costs.

Scholz and Greiner, 2019. An exclusive human milk diet for very low birth No ROP specific

weight newborns-A cost-effectiveness and EVPI study for Germany.25 costs.

Zupancic et al., 2020. Evaluation of the economic impact of modified No original cost data.

screening criteria for retinopathy of prematurity from the Postnatal Growth

and ROP (G-ROP) study.?®
2 In this table are listed studies that might appear to meet the inclusion criteria, but which were excluded, and
why they were excluded.

Abbreviations: ROP = Retinopathy of prematurity.
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eFigure 2. Cost model

This figure presents our preliminary suggestions for a conceptual model for costs associated with retinopathy of prematurity (ROP), with some additional comments we

believe are relevant. Abbreviations: GA=gestational age; ROP=retinopathy of prematurity; VEGF=vascular endothelial growth factor.
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Preterm birth

It should be noted that these costs are part of a
larger picture of understanding the economic
impact of prematurity, which is essential
knowledge in predicting the costs and
consequences of introducing new interventions that
affect gestational age at birth or morbidity and
mortality among preterm infants. Thus, the model
here is only one part and should be complemented
by factors related to, e.g., bronchopulmonary
dysplasia and other lung diseases, as well as other
neuropsychiatric conditions. The listed items add to
the previously published compartmental model of
the global burden of ROP,?” which also accounts
for e.g., availability and coverage of screening
programs.

ROP screening

Some evidence suggests that screening can be
reduced even as infants are still identified with high
sensitivity and specificity.’ Reduced screening can
be achieved through either changing the frequency
of screening or limiting who is actually screened.
Based on register findings in Sweden, infants born
after gestational week 30 are no longer routinely
screened for ROP.? Similarly, a study from the
Netherlands found no severe ROP among infants
born >30 gestational weeks.? This pattern differs
from the situation in many other parts of the world.
However, infants born at lower gestational age are
more likely to develop ROP and severe ROP.%

Costs for screening in the studies included
staff salaries/time, equipment and maintenance,
supplies, and staff training. Although the identified
studies do not detail the cost components and their
associated costs, it can be expected that the
reported costs of screening are to some extent
underestimated. In time-and-motion studies
conducted in our local hospital during a process of
developing services (unpublished results), the times
spent for preparatory work and documentation of
screening results were 7—15 minutes and 7-12
minutes, respectively. This range included the time
needed to identify infants who should be screened
from those born at the facility, but excluded the
time used for the actual screening. The figures can
be compared to numbers provided in, e.g.,
Wongwai et al.,8 citing 10 minutes used for
screening by the ophthalmologist and 60 minutes
for the nurse. According to Jackson et al.,'* an
average five examinations were necessary for
determining if one infant would require treatment
for ROP, which is in line with experiences in our
hospital.

Regardless of the setting, there will also be
transportation costs associated with screening. In
this review, we excluded transportation costs,
which are highly specific to each setting. For
example, an Australian study reported flights for
ROP screening to average 36—75 minutes
depending on the healthcare center.*
Transportation can thus include the time and
expenses to the families coming into the hospital
(or to visit a telemedicine center), or moving within
the hospital if the infant remains hospitalized, but
they can also reflect the cost of a specialized
physician and assistant nurse or other staff category
moving within or between hospitals to conduct
screening. In addition to being an important cost
component to consider in evaluations, the
transportation aspect and hotel costs for staying in
the hospital can directly affect screening. Our
group has clinical experience of parents selecting
not to attend planned screening visits after leaving
the hospital, so that travel costs also become an
issue related to increasing screening adherence and
motivating attendance.

Lifetime (treatment and follow-up)

Treatment costs in individual studies included, e.g.,
staff salaries/time, equipment and maintenance,
supplies, and staff training. Few studies reported
detailed data on cost components, but Wongwai et
al.,® for example, reported post-screening resource
use of 60 minutes for an expert ophthalmologist,
which we interpret to be the cost for treatment.
Although case-mix and survival of extremely
preterm infants were not detailed in the included
studies, it can be expected that these factors will
affect how many infants need treatment for ROP.
For example, among infants born <30 gestational
weeks in Sweden, 32% had any stage ROP and 6%
were treated for ROP,?® but among infants born at
<24 gestational weeks, the corresponding figures
were 92% and 43%.3' Moreover, the available
treatment options would affect costs, with studies
suggesting, e.g., more retreatments with the more
recent anti-vascular endothelial growth factor
(VEGF) therapy.?® Surgical intervention, or
vitrectomy, could also apply to more severe cases,*?
in particular in countries with low access to
screening. Although the costs of vitrectomy itself
appear to be low,** there are likely other costs
associated with these severe ROP cases, such as
those linked to follow-up and complications.>*

The argument regarding transportation costs
is highly relevant for the treatment of ROP. The
clinical reality of many countries is that patients
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must be flown to the treatment site, or undergo
multiple relocations by ambulance between local
hospitals and specialized units providing the
treatment.

At least in countries with high access to
healthcare, it can be expected that children with
ROP, and particularly those with severe forms
requiring treatment, will have multiple follow-ups
during childhood, adolescence, and possibly into
adulthood. The low number of healthcare visits for
follow-up indicated in the included articles differs

In a recent publication reporting on a model for
predicting visual outcomes after ROP treatment,
follow-up every 6 months was even indicated for
some patient groups.

Although costs for blindness can be
expected to be similar regardless of the cause of
blindness, data are available on approximate cost
levels for different levels of visual impairment.3®
Thus, tapping into models for measuring costs of
visual impairment can add to understanding of the
long-term consequences of ROP.

considerably from the national guidelines in
Sweden, recommending annual follow-up of ROP
until adulthood and, after that, according to need.
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