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Purpose: To evaluate the cost–utility of wide-field imaging (WFI) as a complementary

technology for retinopathy of prematurity (ROP) screening from the Brazilian Unified

Health System’s perspective.

Introduction: ROP is one of the leading causes of avoidable childhood blindness

worldwide, especially in middle-income countries. The current ROP screening involves

indirect binocular ophthalmoscopy (IBO) by ROP expert ophthalmologists. However,

there is still insufficient ROP screening coverage. An alternative screening strategy is

the combination of WFI with IBO.

Methods: A cost–utility analysis was performed using a deterministic decision-tree

simulation model to estimate incremental cost–utility for ROP care. Two screening

strategies were compared: (1) IBO and (2) combination of WFI of all eligible preterm

infants and IBO for type 2 ROP or worse and for non-readable images. Eligible population

included preterm infants <32 weeks of gestational age or birth weight equal to or

<1,500 g. The temporal horizon was lifetime. Visual outcome data was converted to

utility, and the health benefits were estimated on quality-adjusted life-years (QALY).

Incremental cost per QALY gained was calculated from the health system perspective.

Costs were estimated considering equipment, maintenance, consumables, and staff.

A micro-costing approach was used for WFI. Two technician nurses were trained for

imaging execution and had their time evaluated. Two ROP expert ophthalmologists had

their time evaluated for imaging reading. One-way sensitivity analysis and probabilistic

sensitivity analysis were performed.

Results: Combined screening strategy resulted in a cost-effective program considering

90% ROP screening coverage. Costs per examination: (1) screening with IBO: US

dollar (US $) 34.36; (2) screening with combination: US $58.20; (3) laser treatment:

US $642.09; (4) long-term follow-up: ranged from US $69.33 to 286.91, based on the

infant’s visual function. Incremental cost per QALY gained was US $1,746.99/QALY per

infant screened with the combination strategy. One-way sensitivity analysis resulted in

cost-effectiveness for all parameters. Probabilistic sensitivity analyses yielded a 100%
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probability of combination being cost-effective in a willingness-to-pay threshold of

US $1,800/QALY.

Conclusion: The combined strategy for ROP screening was cost-effective. It enhances

access for appropriate ROP care in middle-income countries and dminishes opportunity

costs for ophthalmologists.

Keywords: retinopathy of prematurity, neonatal screening, diagnosis, healthcare economics, costs and cost

analysis, quality-adjusted life years (QALY), telemedicine, Brazil

INTRODUCTION

Retinopathy of prematurity (ROP) remains a leading cause of
avoidable childhood blindness in middle-income economies,
such as Brazil (1, 2). The combination of (1) high preterm
birth rate, (2) improvement of neonatal care quality (leading to
better survival rates), and (3) insufficient access to ROP screening
and treatment are the main causes of the third ROP epidemic
faced in countries such as Brazil (1, 3, 4). The effectiveness and
affordability of ROP screening, diagnosis, and treatment have
been well-documented (5–10).

The current screening of infants at risk of ROP, usually
determined by gestational age (GA) and birth weight (BW)
criteria, requires carefully timed retinal examinations by a
skilled ophthalmologist. Noteworthy, fewer than 10% of infants
screened for ROP in Brazil will develop type 1 disease and
should be submitted to treatment within 72 h (6). However, only
52% of at-risk preterm infants are estimated to have access to
ROP examinations, and probably fewer infants have access to
treatment in Brazil (6, 11).

It is estimated that the Brazilian Unified Health System (SUS)
provides 76% of neonatal care in the country (12). According
to official data, 37,000 infants were born with BW <1,500 g in
2017 (13). Therefore, each year, ∼20,000 infants would survive
to 4 weeks requiring eye examinations, and ∼1,600 would need
laser treatment for severe ROP (6, 11, 14). If 50% of them had
access to appropriatemanagement, 800 infants would be at risk of
severe visual impairment throughout their lives every year. In 10
years, this number would rise to 8,000 visually impaired infants
due to ROP.

The main obstacles for a comprehensive and effective ROP
screening in Brazil, and probably in other middle-income
countries, are the lack of skilled ophthalmologists to provide
ROP care, the uneven distribution of these professionals among
units, and the unequal access to appropriate quality neonatal care
(11, 15–17). An alternative to improve accessibility and quality
ROP care is the use of wide-field imaging (16, 17). Several authors
reported goodmean diagnostic accuracy for ROP type 2 or worse,
feasibility, and cost-effectiveness of wide-filed imaging compared
with screening with indirect binocular ophthalmoscopy (17–20).

However, wide-field imaging is not adopted for ROP screening
in Brazil. The aim of this study was to perform a cost–
utility analysis to compare two ROP screening strategies
(indirect binocular ophthalmoscopy and combination of wide-
field imaging with indirect binocular ophthalmoscopy) under the
SUS’s perspective. To the best of our knowledge, this is the first

cost–utility analysis for ROP care, using the combination of wide-
filed imaging and indirect ophthalmoscopy, from a governmental
health system perspective of a middle-income country and with a
long-term (lifetime) follow-up.

METHODS

Setting and Population
Brazil, a middle-income country with a large universal
governmental health system, has one of the highest numbers of
infant survivors with severe visual impairment or blindness due
to ROP (1, 21). The Brazilian guideline for ROP appropriate
screening and timely treatment was published in 2007 (22).
The governmental ROP screening care provides diagnosis and
treatment at no cost to infants at risk for ROP. However, current
ROP screening care has an estimate coverage of only 52% in
Brazil (6, 11).

The eligible population included preterm infants with GA
<32 weeks or BW ≤1,500 g born in governmental maternities
in Brazil. Twenty-two governmental maternities from the city of
Rio de Janeiro, Brazil, were used as a proxy to estimate the target
population. The number of at-risk ROP infants (983) in these
22 maternities was estimated according to official (13). Non-
treated and treated preterm infants needed a mean of 3 and 9
examinations, respectively, before discharge, resulting in a total
of 3,254 annual examinations in Rio de Janeiro (11).

Model Structure and Assumptions
A decision analytical model for ROP care (screening, treatment,
and long-term follow-up) was created simulating a cohort of
preterm infants for a lifetime time horizon and from the SUS’s
perspective (Figure 1). The decision tree was used to represent
the probability of the eligible population’s possible health events
and visual function outcomes in terms of cost and utility.

Three different visual acuities were defined: (1) good visual
function in treated and non-treated infants was defined as 0.5
decimal visual acuity, because the eligible population usually has
other morbidities that can affect the maximum potential visual
acuity (1.0 decimal visual acuity). (2) Poor visual function in
infants with severe ROP not treated was defined as 0.0 decimal
visual acuity (23). (3) Poor visual function in treated infants
with unfavorable outcome was defined as 0.05 decimal visual
acuity (5).

The gold standard strategy is indirect binocular
ophthalmoscopy performed by an ROP expert ophthalmologist.
Eligible preterm infants can have access to gold standard ROP
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FIGURE 1 | Decision analytic model for ROP care in preterm and/or low birth weight infants with two strategies: the current stratagy, indirect binocular

ophthalmoscopy, and the comparing strategy, combination of wide-field imaging with indirect binocular ophthalmoscopy. The number under the branches of the

decision tree represents the probability of each parameter branch to happen.
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screening or not. Infants with no access to care can develop
good or poor visual function, according to ROP’s clinical
course. Infants with access to care may need treatment or not.
Infants submitted to one or two treatments may be correctly
or incorrectly treated. They may develop good or poor visual
function according to ROP’s clinical course or, rarely, due to
post-laser cataract. Infants not submitted to treatment can
have severe ROP or not and therefore develop good or poor
visual function.

The combined strategy considered the performance of wide-
field imaging by non-ophthalmologists and remote reading by
ROP expert ophthalmologist together with standard indirect
binocular ophthalmoscopy of suspected (ROP type 2 or worse)
or non-readable images. Eligible preterm infants can have access
to the combined screening strategy or not. Infants with no access
to care can develop good or poor visual function, according to
ROP’s clinical course. Infants with access to care are submitted
to wide-field imaging. Suspected and unreadable images are
referred to ophthalmoscopy and follow the aforementioned
model. Infants with non-suspected images will not be referred.
If this image reading is correct, they do not have ROP and will
develop good visual function. However, if the image is misread
and they have any ROP, they, incorrectly, will not be referred and
can develop good or poor visual function, according to ROP’s
clinical course.

Assumptions were required to develop the screening model.
All screened infants survived hospitalization. The treatment
criteria followed the Early Treatment for Retinopathy of Pre-
maturity Study (5), and all infants requiring treatment had
bilateral laser treatment. Cataract was the only complication
from laser treatment, and those infants developed low vision
and intermediate utility. Non-readable images were referred to
ophthalmoscopic examination. Final vision function in non-
treated 15-year-old patients (23) and in treated 6-year-old
patients (5) remained stable for life. All patients had an
average life expectancy of 75 years. Anesthesia and additional
hospitalization costs were not included.

The outcome was the incremental cost–utility ratio (ICUR),
which was calculated as incremental cost per quality-adjusted
life-years (QALY) gained per infant for ROP screening with the
combined strategy compared with standard strategy, discounting
future costs and QALYs at 5% per year (24).

TreeAge Pro 2011 was used to run the model (TreeAge
Software, Inc., Williamstown, MA, USA).

Model Parameters
Effectiveness Data
Sensitivity and specificity used for indirect binocular
ophthalmoscopic diagnosis of ROP requiring treatment
were, respectively, 0.867 and 0.962 (10, 25). Sensitivity and
specificity for imaging reading of type 2 ROP or worse were,
respectively, 0.768 and 0.957 (10, 25).

Utility Data
Utility valuations were based on decimal visual acuity following
the formula: utility = 0.374. x + 0.514 (26), with x representing
decimal visual acuity in better-seeing eye. Utility for good visual

function in treated and non-treated infants was estimated as
0.701 (0.5 decimal visual acuity). Utility for poor visual function
infants with severe ROP not treated was estimated as 0.514 (0.0
decimal visual acuity) (23), and utility for poor visual function in
treated infants with unfavorable outcome was estimated as 0.5327
(0.05 decimal visual acuity) (5).

Cost Data

Wide-Field Imaging Cost
Wide-field imaging cost was calculated using a micro-costing
approach as this procedure is not provided by SUS. The
following items were considered: equipment kit (portable digital
retinography, 130◦ lens, extra pedal, annual security contract, and
maintenance), consumables (anesthetic and mydriatic eye drops,
ophthalmic gel, lid speculum, gauze, glucose solution, antiseptic
product, 20 diopter lens and gas), and staff (professional, training,
traveling, and uploading images time). The equipment kit cost
was based on market value provided by the manufacturer. The
costs of consumables were obtained from official data (27). Costs
were annualized using a standard discount rate of 5% (24) and an
estimated equipment lifespan of 5 years and pedal lifespan of 2
years (6).

Staff costs were calculated by a time and motion study
undertaken at two separate time points in order to assess the
learning curve of nurse technicians trained by ophthalmologists.
The first time point included 20 patients (40 eyes), and the
second, 1 month later, 16 patients (32 eyes) (28). The second
time point was considered in the calculation of staff costs.
A mean of 10min between each retinography was given to
include dietary time or examination by other neonatal intensive
care unit specialties. Training included equipment setup, image
capturing, uploading, and equipment dismantling. Two ROP
specialist ophthalmologists also had their mean time calculated
for remote imaging reading (20 images). A mean of 5min was
given between each reading. Mean time spent per examination
was used for estimating staff cost per examination and the
number of professionals needed to cover the hypothetical
screening program.

Wide-field imaging unit cost was calculated dividing the total
cost of equipment, maintenance, consumables, and staff by the
number of examinations.

Indirect Binocular Ophthalmoscopy and Treatment Costs
Indirect binocular ophthalmoscopy and treatment unit costs
were based on published and updated data (6). The following
items were considered: equipment kit (indirect binocular
ophthalmoscopy, 20-diopter lens), consumables (anesthetic and
mydriatic eye drops, lid speculum, depressor, gauze, glucose
solution, and antiseptic product), and professional and training
staff. Costs were annualized using a standard discount rate of 5%
(24) and an estimated equipment life of 10 years (6).

Combination of Wide-Field Imaging and Indirect Binocular

Ophthalmoscopy Cost
The combination’s unit cost was estimated assuming 100% of
infants would need wide-field imaging and 25.8% of them
would be referred to ophthalmoscopy. Infants referred to
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ophthalmoscopy include 20.8% of ROP type 2 or worse and 5%
of non-readable images (10).

Follow-Up Cost
Follow-up costs were split into three categories of eye care
needs: (1) non-treated infants with good visual function;
(2) treated infants with good visual function; (3) treated or
non-treated infants with poor visual function. Costs were
estimated according to an expert opinion based on frequency
of ophthalmological and occupational therapy visits and
on recommended complementary examinations (examination
under anesthesia and Teller Visual Acuity Cards). The National
Reimbursement Table underestimates true health procedures
cost, and therefore, values were adjusted by 3.51 for follow-up
estimated cost (29).

In 2019, costs were presented in Brazilian reais (R $) and then
converted to US dollars (US $) (at the rate of US $1 = R $3.94
considering the mean rate from March to July 2019). Societal
costs (indirect costs, loss of productivity, or cost of death) were
not included.

Sensibility Analysis
One-way sensitivity analysis was performed on all parameters
of the model. Probabilities and utility ranges were obtained
from literature. Costs ranged from −30% to + 30% (9) for
ophthalmoscopy and treatment, from −30% to +60% for wide-
field imaging, and from 0% to 10% discount rate for follow-
up. The Monte Carlo probabilistic simulation, running 1,000
iterations samples, was performed to determine the probability
of key parameters impacting the results. Beta, gamma, and
lognormal probability distributions were applied for utilities,
costs, and clinical parameters, respectively.

Brazil does not have a willingness-to-pay threshold to
support healthcare technologies’ adoption by SUS. A cost-
effectiveness acceptability curve was constructed considering
threshold values proposed for Brazil based on a range below US
$7,544/QALY (30).

Correlation Between QALY and Visual
Acuity
The difference between normal (0.5) and abnormal (0) decimal
visual acuity in the model was correlated with the difference
between QALY in good (13.66) and poor visual function
(10.01), respectively.

Ethics Statement
The study was approved by the Ethical Review Board of
Instituto Nacional de Saúde da Mulher, da Criança e do
Adolescente Fernandes Figueira, Fundação Oswaldo Cruz, in Rio
de Janeiro, Brazil.

RESULTS

The model parameters and range values are shown
in Table 1. The ICUR of combined screening strategy
(wide-field imaging in all at-risk ROP infants and
indirect binocular ophthalmoscopy in referral cases) was

US $1,746.99/QALY. Costs per examination by each
screening strategy, treatment, and follow-up are shown in
Table 1.

Nurse technicians’ learning curve to perform anterior and
posterior retinography resulted in an efficiency gain of 45% (from
22 to 13min per examination), and to set up and dismantle
equipment, of 12% (from 13 to 12min). The performance
training lasted 500min. In a 6-h shift, each team would be able
to perform 10 to 13 examinations per day, that is, 250 to 325
examinations per month (150 h). Mean time spent for remote
imaging reading by ROP specialists was 5min per image. On
average, 12 images were read per hour, that is, 1,200 images per
month (100 h).

The model showed that the probability of infants developing
severe visual impairment due to ROP was 5% in ophthalmoscopy
strategy and 3.2% in combined strategy. The tornado diagram
demonstrates the impact of that variation in each parameter
(Figure 2). The Monte Carlo probabilistic simulation yielded a
100% probability of combination strategy being cost-effective in a
willingness-to-pay threshold of approximately US $1,800/QALY
(Figure 3) (30).

A correlation was established between the gain in QALY and
the gain in visual acuity. Every 1.2 QALY gained represented five
lines gained in the decimal visual acuity chart (Table 2).

DISCUSSION

Portable wide-field imaging has been available since early 2000,
and as such, it is not a new screening technology (31). However,
its high cost has been a barrier for its widespread use, especially
in low- and middle-income countries. The results of this study
suggest that the screening strategy combining wide-field imaging
by nurses with indirect binocular ophthalmoscopy for ROP care
(screening, treatment, and follow-up) costs approximately US
$1,700/QALY gained when compared with standard indirect
binocular ophthalmoscopy alone.

More importantly, the combination could enhance ROP
screening coverage, particularly in marginalized areas that lack
ROP experts. In our model, 5% of infants screened with
the ophthalmoscopy strategy developed visual impairment, in
contrast to 3.2% with the combination strategy, meaning a
reduction in 36%. In Brazil, considering that there are 37,000
infants at risk of ROP, 76% of them depend on governmental
maternities, 90% of them could have access to the combined
strategy, and that the difference of developing visual impairment
between the two strategies is 1.8%, ∼455 visually impaired
children due to ROP could be avoided every year in Brazil (37,000
× 0.76 × 0.9 × 0.018). In other words, we would need to screen
55 children to avoid 1 visually impaired child. If they have a mean
life expectancy of 75 years, this could prevent 34,000 blind-years
(blind children× life expectancy) (32).

The combined strategy could also enhance ROP screening
efficiency by reducing the opportunity cost of ROP expert
ophthalmologists. Opportunity cost is the cost of the second-
best option or the not-chosen option. Currently, an experienced
professional screens 100% of at-risk infants and treats <10%, but
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TABLE 1 | Parameter estimates used in the model divided by screening, treatment, and follow-up categories.

Parameters estimate Baseline Range (low–high) Source PSA

Screening

Access to ophthalmoscopy 0.52 0.20–0.80 (6) Assumption Lognormal

Access to combination 0.90 0.52–0.95 Assumption Lognormal

Ophthalmoscopy sensitivity 0.867 0.70–0.90 (10, 25), assumption Lognormal

Ophthalmoscopy specificity 0.962 0.70–0.97 (10, 25), assumption Lognormal

Wide-field imaging sensitivity 0.933 0.455–0.952 (10, 17) Lognormal

Wide-field imaging specificity 0.962 0.617–0.98 (10, 17), Assumption Lognormal

Good-quality imaging 0.95 0.90–0.98 (25), Assumption, (19) Lognormal

ROP type 2 or worse 0.208 0.05–0.25 (10, 17, 37) Lognormal

No. of examinations in infants not requiring

laser treatment

(3) 1–13 Unit observation from 2006 to 2019 Lognormal

No. of examinations in infants requiring

laser treatment

(9) 2–15 Unit observation from 2006 to 2019 Lognormal

Treatment

ROP needing treatment 0.08 0.07–0.10 (6) Lognormal

Two treatments needed 0,12 0.11–0.20 Unit observation from 2006 to 2019,

(20), assumption

Lognormal

Facectomy (cataract surgery) 0.0109 0.005–0.05 (38), Assumption Lognormal

Good visual function after treatment 0.753 0.60–0.857 (5), Assumption, (39) Lognormal

Poor visual function when treatment is

indicated and not performed

0.643 0.50–0.80 (23), assumption Lognormal

Utility/QALY estimates

Good visual function 0.701/13.65 7.0–66.6 (20, 26), discount rate 0–10% Beta

Poor visual function

Blindness 0.514/10.01 4.79–38.55 (20, 23, 26), discount rate 10–0% Beta

Visual impairment 0.5327/10.38 5.32–39.95 (5, 26), discount rate 0–10% Beta

Costs estimate (US $)

Ophthalmoscopy 34.36 24.05–44.66 (6), −30% +30% Gamma

Equipment 3.16 (27)

Inputs 0.87 (27)

Human resources (professional + training) 30.32 (23.43+6.89*1) (6, 40, 41)

Wide-field imaging 64.35 42.05–102.97 −30%, +60% Gamma

Equipment 35.02 Market value

Inputs 1.13 (27)

Human resources (professional + training) 28.15 (28.04+0.11*2) (40–44)

Combination 58.20*3 40.74–93.12 −30%, +60% Gamma

Laser treatment 642.09 449.46–834.72 (6), −30% +30% Gamma

Equipment 502.92 (27)

Inputs 0.87 (27)

Human resources (professional + training) 134.26 (72.22+62.04*4) (6, 40, 41)

Cataract surgery (facectomy) 795.20 556.64–1,033.75 (45), −30% +30% Gamma

Follow-up

Good visual function in non-treated infants 69.33*5 44.17–230.96 (45), Discount rate range 10–0% Gamma

Good visual function in treated infants 190.63*5 106.53–675.13 (45), Discount rate range 10–0% Gamma

Poor visual function 286.91*5 195.04–781.16 (45), Discount rate range 10–0% Gamma

Parameters included clinical, epidemiological, utility and costs data and are presented as baseline and ranges values (high and low) with sources. Distribution of logarithmical probabilistic

sensitivity (PSA) are presented for each parameter.

QALY, quality-adjusted life-years; ROP, retinopathy of pre-maturity; US $, US dollar.

*1Ophthalmoscopy training 33 h(6).

*2Wide-field imaging training 500 min.

*3100% wide-filed imaging and 25.8% ophthalmoscopy.

*4Treatment training 33 h(6).

*5Discount rate 5%.
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FIGURE 2 | Tornado diagram of the 10 parameters that most impacted the incremental cost–utility ratio (ICUR). X axis represents the impact on the ICUR in US

dollars (USD) cost per quality-adjusted life-years (QALY) of each parameter variation, and Y axis represents baseline parameters with an ICUR of USD 1,746,99/QALY.

Orange and blue bands show each parameter high and low values, respectively.

FIGURE 3 | Monte Carlo probabilistic cost-effective acceptability curve. Interactions cost-effective percentages (y) between combination strategy (blue square) and

ophthalmoscopy strategy (red triangle) by willingness-to-pay (WTP) (x) ranging from 0 to USD 2,000/QALY. Above USD 1,800/QALY combination strategy is 100%

cost-effective.

with the combination, he/she could examine 26% of infants at
high risk of severe ROP and use almost 75% of the remaining time
to teach and train younger professionals, perform other surgeries,
and do scientific research (17, 20, 33).

In addition, eye examination documentation is precise and
objective with wide-field imaging. It enables exchanging clinical
cases by ROP experts and in-training ophthalmologists and
favors medical liability management (25, 33). Besides, it could
facilitate the family’s understanding of the disease and enhance
follow-up adherence (16). Documentation could also be an
opportunity for creating an online eye examination database
accessible to families and healthcare professionals involved in
the infant’s care follow-up. Eye examination documentation
with indirect ophthalmoscopy is also possible, and its cost has

been estimated (34). However, the learning curve of a non-
ophthalmologist to perform indirect ophthalmoscopy should be
longer as it is a diagnostic examination learned during medical
residency in ophthalmology.

Previous economic modeling studies have included the cost-
effectiveness of ROP screening, treatment, and follow-up (7–
9, 20, 25, 34). Regarding wide-field imaging, one study of cost–
utility analysis for ROPmanagement adopted a third-party-payer
perspective from the US Current Procedural Terminology with
a 3-month post-operative follow-up (25), and another study
adopted the UK National Health System’s perspective with a
10-year follow-up (20). However, our study included a lifetime
perspective and the cost of cataract surgery as a complication
following laser treatment unlike these other authors (20, 25).
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TABLE 2 | Correlation between decimal visual acuity and quality-adjusted

life-years (QALY) gained by infants with good and poor visual functions.

Decimal visual acuity QALY Correlation of decimal

visual acuity/QALY

0 0

0.00625 0.261

0.0125 0.521 5 lines/1.2 QALY

0.025 0.782

0.05 1.043

0.06 1.304

0.08 1.564

0.1 1.825 5 lines/1.2 QALY

0.13 2.086

0.16 2.346

0.2 2.607

0.25 2.868

0.32 3.129 5 lines/1.2 QALY

0.4 3.389

0.5 3.65

This study adopted three visual acuity levels to estimate
three utility values and projected a very low incremental utility
(0.044), similar to Jackson et al. (25) (0.0375). Using Castillo-
Riquelme’s utility values in the sensitivity analysis, which were
higher for good visual function and lower for poor visual
function than ours, there was also a low incremental utility
value (0.088) (20). This low incremental utility reinforces the
effectiveness of both screening strategies (ophthalmoscopy and
combination). Therefore, wide-field imaging does not replace
standard ophthalmoscopy, but it can have a crucial role in
creating an ROP care program to enhance both: screening
coverage and healthcare system efficiency.

Our group estimated that the gain of a single QALY represents
an improvement of five lines in visual acuity chart. This estimate
does have flaws due to the elasticity concept as the utility gained
by a blind child is higher than the utility gained by a low vision
patient. However, this estimate enables specialists who are not
familiarized with the term “utility,” to better understand the
enormous QALY gained in terms of lines of visual acuity with
this screening combination.

Wide-field imaging for ROP is currently not available within
SUS; therefore, a micro-costing approach was executed to
estimate its cost. Regarding this, the study’s major strengths
were training non-ophthalmologists for bedside wide-field
imaging, which resulted in an efficiency gain of 32%. Nurse
technicians improved more in performing wide-field imaging
(45% improvement), which is a more difficult step, than in setting
up and dismantling the equipment (12%). The improvement
was better in anterior segment imaging (73%) and good-quality
imaging selection steps (44%). The efficiency level will increase as
the learning curve was compared after only 1 month of learning.

Another major point was measuring reading time per image
by ROP expert ophthalmologists. Measuring the time spent per
examination for retinography and for image reading enabled us
to estimate precisely wide-filed imaging cost and learning curve,
which was not seen in other studies (20, 25, 34). Also, this
measure allowed for planning a logistic and feasible ROP care
program in Rio de Janeiro, as seen in other regions (19, 35).

Castillo-Riquelme et al. also performed a micro-costing
approach to estimate the wide-field imaging cost in four scenarios
(20). In the scenario like ours, where a specialized nurse visits the
neonatal unit care for image capture and the ophthalmologist is
the reader, the estimated cost per examination was 28 pounds.
Our wide-field screening cost per examination was 35% higher
than theirs [45.28 pounds (at the rate of 1 pound = R $5.60)].
This can probably be explained by difference in equipment and
staff costs (20).

Our equipment cost per examination (24.64 pounds)
represents 58% and staff cost (19.80 pounds) 40% of the total
wide-field imaging cost. Conversely, in Castillo-Riquelme’s study,
the equipment cost represents 29% (8 pounds) and the staff
cost 71% (20 pounds) (20). The Brazilian equipment cost per
examination is three times the cost in the United Kingdom,
according to our estimates. There may be two reasons to explain
this: first, the exchange rate for acquiring the equipment in
Brazil; second, the National Sanitary Vigilance Agency currently
allows commercialization of only one equipment supplier. New
suppliers could make the price more competitive.

The tornado diagram showed the parameters that most
affected the ICUR were number of examinations in non-treated
infants, combination strategy cost, and discount rate. The first
can be explained because infants not treated represent 90%
of all screened infants; therefore, the higher the number of
their examinations during screening, the higher the total cost.
However, the frequency of the upper limit of 10 examinations,
in our experience, occurs in only 2% of the cases, whereas
the frequencies of 2 and 3 examinations occur in 67 and 44%,
respectively. The second parameter, combination strategy cost,
also affected the model as when the cost is 60% higher, the ICUR
doubles (US $3,849.15/QALY), and when the cost is 30% lower,
the ICUR diminishes 60% (US $697.62/QALY). Moreover, the
discount rate ranging from 0 to 10% also impacted the ICUR
because the higher the discount rate, the lower the expected
present value, especially in a lifetime time horizon.

Probabilistic analysis yielded a 100% likelihood of the
combination strategy being cost-effective with a willingness-to-
pay threshold of US $1,800. Brazil does not have a cost per
QALY threshold for healthcare technology incorporation such
as the United Kingdom, Canada, Chile, Colombia, or Mexico.
The establishment of a threshold could facilitate healthcare
technology evaluation interpretation and decision making (29).

Following the emergent concept of universal eye screening,
where wide-field imaging is proposed to screen all term and
preterm newborns (36), combination cost could be diminished
because of the efficiency gain in screening all living infants
with a low marginal cost. In other words, combination cost
could be lower in a universal eye screening scenario, compared
with an ROP screening scenario. Nevertheless, screening all
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living infants may raise concern regarding many unnecessary
examinations performed in healthy infants or in infants with
benign and transient alterations, such as retinal hemorrhage after
vaginal delivery, which are the most common ocular alterations
found (36).

Our study has some limitations that should be mentioned.
First is the use of a mathematical formula to estimate the utility,
for lack of better measurements, in visually impaired children.
However, we found a similar low incremental utility (0.088)
using more extreme utility values (high and low intervals) in the
sensitivity analysis based on another study (20), which supports
that the formula can be a reasonable and available option.
Nevertheless, specific questionnaires for visual impairment in
children are needed for a better utility estimate. Second, using
assumptions in the model can cause some shortcomings in
the results. However, we used assumptions for both strategies
compared, minimizing these shortcomings. Third, costs of
anesthesia and hospitalization, performed in both screening
strategies, were not included, so the incremental cost should have
the same magnitude. Fourth, costs for image printing were not
included, although it is possible to create a sustainable program
where images could be sent to a cellphone or by e-mail.

Some challenges remain for implementing the combined
strategy. Because of the ever-developing nature of wide-field
imaging, equipment leasing from the manufacturer, instead of its
purchase, could result in a considerable benefit. This would allow
not only a decrease in expense but also the adoption of more
modern equipment as it becomes available. Another interesting
challenge would be the implementation of a centralized imaging
center that could receive, organize, and send the images to expert
readers, as estimated by Mohammadi et al. (34). This center
could even be responsible for training professionals and for
the follow-up of infants after their discharge. In this scenario,
other direct costs (infrastructure, staff, input) would have to
be included.

More studies showing wide-field imaging accuracy for other
eye diseases in infants could make it more efficient and facilitate
its widespread use under the emergent concept of universal
eye screening at birth. In addition, further studies focusing on
the economic burden of this disease are also crucial to address
the problem. Including indirect costs of visual impairment in
childhood (as loss of productivity or governmental subsidies)
and using the societal perspective could make the combination
strategy even more affordable. Finally, our model has a long-life

expectancy with low prospects of infants in need of treatment
and of infants at risk of visual impairment. The use of another
model considering the infant’s coverage as the outcome could also
enhance the analysis.

In conclusion, we have presented that the combination of
wide-field imaging with binocular indirect ophthalmoscopy in
specific referral cases is feasible and cost-effective for ROP
screening from a middle-income country’s perspective. It could
also be a cost-saving strategy if the screening includes all
living newborns. Moreover, the combination could enhance
ROP screening coverage and health efficiency in middle-income
countries, reducing the leading cause of childhood visual
impairment in these countries.
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