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Brief Communication

2020 Evaluation of Portable Vision Screening 
Instruments
Anuoluwapo Sopeyin*, Benjamin K. Young, and Martha A. Howard
Department of Ophthalmology and Visual Science, Yale School of Medicine, New Haven, CT, USA

Amblyopia is the most common cause of preventable visual impairment in children and occurs as a result of 
unilateral or bilateral impairment in best-corrected visual acuity. Early diagnosis and proper treatment are 
crucial to prevent poor visual outcomes in adulthood. Advances in technology have provided more objective 
diagnostic tools, which can now be used by a wide range of healthcare providers. Here, we highlight tools 
that have gained popularity in the past two decades and compare clinically relevant parameters to guide 
primary care providers seeking to incorporate instrumental vision screening in pediatric patient care.
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INTRODUCTION

Amblyopia occurs when a decrease in visual stimula-
tion results in suboptimal development of the visual path-
ways in the brain. Studies have shown that the prevalence 
of amblyopia is between 2-6% in the general pediatric 
population [1-3] and up to 20% in certain populations at 
risk of developing this condition [4,5]. Risk factors for 
developing amblyopia include refractive errors (myopia, 
astigmatism, hyperopia), anisometropia (unequal refrac-
tive error leading to better vision in one eye compared 
to the other), strabismus (crossed eyes), and media opac-
ities. Screening ensures early identification of children 
who are at risk so that they may be treated while there is 
significant plasticity in the developing visual pathways – 
typically until age 7 [6]. Although traditional screening 

tools such as letter and symbol charts are available, they 
can be time-consuming, erroneous, and challenging in 
younger children or those with disabilities.

The advent of instrumental vision screening has 
provided primary and eye care providers with more ob-
jective tools to detect amblyopia risk factors, especially 
in preverbal children as young as 6 months [7]. These 
instruments are also useful for pediatric ophthalmologists 
in screening children with disabilities, for which the stan-
dard cycloplegic retinoscopy examination might be diffi-
cult. In this article, we highlight the most common vision 
screening instruments in 2020 and compare statistical 
measures of utility and clinically relevant parameters to 
guide providers seeking to incorporate these instruments 
into their practices.
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METHODS

Amblyopia risk factors (ARFs) were obtained from 
the guidelines drafted by the American Association for 
Pediatric Ophthalmology and Strabismus (AAPOS) and 
the American Academy of Ophthalmology (AAO) in 
2003 and 2013 [7,8]. We subsequently conducted a web 
search for “vision screening instruments” and included 
portable pediatric instruments that screened for ambly-
opia risk factors (ARFs). Once the instruments were 
selected, we obtained cost, conditions screened, as well 
as several clinically useful parameters for each instru-
ment. The cost of equipment was obtained from online 
vendors (Active Forever, Alibaba.com, CME Corp, Jaken 
Medical, Medex Supply, Medical Device Depot, Serfinity 
Medical, and Tiger Medical) and/or company represen-
tatives. The clinically useful parameters we obtained in-
clude the presence of an EMR interface, battery life (after 
being fully charged), the transmission of protected health 
information (PHI), remote analysis of data obtained from 
vision screening, and weight of the instrument. We ex-
cluded instruments without publications testing their util-
ity in screening for amblyopia risk factors in clinical set-
tings. Lastly, we conducted searches on MEDLINE and 
OVID to extract literature published on each instrument 
and report sensitivities (SN), specificities (SP), positive 
predictive values (PPVs), and negative predictive values 
(NPVs) of each instrument (ranges) based on different 
referral criteria.

RESULTS

The risk factors for the development of amblyopia 
as outlined by AAPOS in the years 2003 and 2013 are 
reported in Figure 1 [7,8]. After excluding instruments 
without published testing or utility in clinical settings, 
seven portable vision-screening instruments were left. 
These include the Spot Vision Screener (Welch Allyn, 
Skaneateles Falls, NY), 2WIN (Adaptica, Padova, Italy), 
the S12C/R Mobile Vision Screener autorefractor (Plu-
soptix, Nuremberg, Germany), the iScreen 3000 photo 
screener (iScreen Vision Inc, Cordova, TN), the OPTEC 
5500 vision screener (Stereo Optical Co., Inc., Chicago, 
IL), the GoCheck Kids smartphone photo screening ap-
plication (Goquity Mobile Health, Scottsdale, AZ) on 
the iPhone (Apple Inc, Cupertino, CA), and the Pediatric 
Vision Scanner or “blinq” (Rebion, Boston, MA).

The cost of each instrument, conditions screened, 
and clinically relevant information is reported in Table 1. 
Although all the instruments screen for refractive errors 
and strabismus, only the Plusoptix and iScreen instru-
ments detect cataracts. The Optec instrument measures 
visual acuity (VA) and is suitable for children that can co-
operate with VA testing. The Goquity and Plusoptix (S12 
C) instruments are currently the only members of this 
group that can interface with the electrical medical record 
(EMR), although some other companies are working on 
interfaces in subsequent models. All but the iScreen and 
Goquity instruments automatically analyze tests. With 
the iScreen and Goquity, trained personnel conduct re-

Figure 1. American Association of Pediatric Ophthalmology and Strabismus (AAPOS) Amblyopia Risk Factors (ARFs) 
Guidelines.
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mote analyses of tests.
With regards to referral criteria, the Spot Vision 

Screener has unique referral criteria that are updated as 
newer models of the instrument are released, with the 
option for the user to enter a different set of criteria (eg, 
AAPOS 2013), if desired. Similarly, in addition to the 
option of entering user-specific criteria, Plusoptix instru-
ments have five different referral criteria. These criteria 
were implemented based on studies [9-16] and are differ-
ent combinations of SN-SP values, allowing the provider 
to choose the desired sensitivity or specificity. Several 
instruments have adopted the 2013 AAPOS criteria in-
cluding the Adaptica with a slight revision to children > 
48mo, as well as the iScreen and Goquity instruments. 
These are guidelines stating limits of hyperopia, myopia, 
astigmatism, anisometropia, strabismus, or media opacity 
above which the patients are referred for a criterion stan-
dard exam since these patients are at risk for developing 
amblyopia (Figure 1). The Optec and Rebion instruments 
are slightly different from the rest. Optec 5500P differs 
from other instruments as its measurements of visual 
acuity and phoria require output from the child while the 
others objectively assess refraction, alignment, fixation, 
and media clarity based on a child’s ability to fixate on a 
target. The Rebion instrument is designed to detect am-
blyopia and strabismus through disrupted bi-foveation, 
and signals to refer if abnormalities are found. In Table 2, 
we include the manufacturer and AAPOS referral criteria. 
Unless otherwise stated, the studies compare instrument 
referral criteria to criterion standard confirmatory exam-
inations by ophthalmologists.

DISCUSSION

Portable vision screening instruments are gaining 
popularity in the United States and the world, especially 
in developing countries where access to sophisticated and 
expensive vision screening instruments is limited [17,18]. 
The portability, affordability, and user-friendly nature 
of these instruments enable primary care providers and 
trained personnel to conduct vision screening, effectively 
expanding access to eye care. In May 2020, at least 6,500 
US pediatricians had incorporated the new GoCheck Kids 
app into their practice [17]. Owing to decades of prospec-
tive studies showing the efficacy of instruments like the 
Spot Vision Screener, Plusoptix, 2WIN, and iScreen (Ta-
ble 2), these instruments have since been adopted as part 
of routine eye screening by many primary care practices. 
These instruments could significantly expand access to 
vision screening on a global scale, providing frontline 
providers with an objective way of identifying children 
that need to be triaged to obtain a criterion standard 
ophthalmologic exam and amblyopia treatment. Thus, 
primary care providers and health administrators should 

be equipped with information to ensure that they select 
instruments that best serve their patient populations.

Sensitivity and specificity are traditionally used to 
determine the utility of a screening test but in pediatric 
vision screening, these values depend on a predetermined 
set of referral criteria. Referral criteria are thresholds be-
yond which an instrument recommends that a child be tri-
aged for a criterion standard uniform exam by a specialist 
or treatment. Instrument manufacturers can recommend 
referral criteria that optimize SN and SP values either 
as detailed in the user manual or as a pre-programmed 
mode on the device. When available, receiver operating 
characteristic (ROC) curve analyses are also helpful as 
the area under those curves (AUC) provides a summary 
of the general performance of the instrument and allows 
for comparison of different referral criteria.

AAPOS and the American Academy of Ophthalmol-
ogy (AAO) established guidelines in 2003 [7], which were 
later revised in 2013 [8] (Figure 1) to present a standard 
for comparing screening instruments, and to recognize 
that an instrument may detect amblyopia directly, instead 
of relying on ARFs. Despite the presence of guidelines, 
AAPOS recommends that with instrumental screening, 
providers can rely on the manufacturer-determined crite-
ria if those criteria yield a more accurate test result for the 
instrument of interest. These manufacturer-specific crite-
ria are available either on their respective websites or in 
the instrument manuals. A 2014 study comparing SN and 
SP values of different versions (v.1.1.51 and 2.0.16) of the 
Spot Vision Screener, each with unique manufacturer-rec-
ommended criteria reported higher values for sensitivity 
and specificity for the manufacturer’s criteria compared 
to the 2013 AAPOS criteria [19]. The manufacturer’s cri-
teria had less stringent cutoffs for anisometropia, myopia, 
and hyperopia and also screened children from 6 to 12 
months (AAPOS recommends screening from 12 months 
due to limited evidence supporting the benefit of screen-
ing before that age [8]).

SN and SP values depend on referral criteria as well 
as the age group being studied. While testing the Spot 
Vision Screener for ARFs using the 2013 AAPOS referral 
criteria, Forcina et al. found that children aged 6 to 11 
months had a sensitivity of 100% (95% CI; 29.2-100) 
compared to those aged 12 to 23 months with a sensi-
tivity of 82.4% (95% CI; 56.6-96.2) [20]. On the other 
hand, PPV was highest in children between 24 and 35 
months at 64.3 (95% CI; 50.4-76.6) and lowest in the 6 
to 11-month age group at 30 (95% CI; 6.7-65.3). A test 
with a higher PPV in conjunction with high sensitivity is 
preferred as it can identify children at risk of developing 
amblyopia while reducing over-referrals. For pre-school 
age children, a test with high specificity may reduce 
over-referrals, and also lead to finding those children be-
fore amblyopia is entrenched [8]. Thus, providers need to 
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This could be due to the presence of user-specific differ-
ences in screening, highlighting the need for understand-
ing the operating principles of the selected instrument as 
well as the proper training of screening personnel. Each 
manufacturer provides a unique set of instructions that 
are available either online or included upon purchase 
of the instrument. Sometimes, provisions are made for 
representatives to provide guidance and/or troubleshoot 
issues that may arise. Providers should make use of these 
resources when needed to achieve suitable SN and SPs 
values in their respective clinics.

These findings indicate that there are a variety of vi-
sion screening instruments that are effective for screening 
children with amblyopia. Most are based on identifying 
ARFs, although the Pediatric Vision Scanner identifies 
patients with amblyopia and strabismus directly. More-
over, these instruments are compact, user-friendly, require 
minimal participation by children, and are reimbursable 
by several private insurers and Medicaid in some states 
in the US (CPT codes 99177 and 99174). Given that the 
traditional letter and symbol charts have varying efficacy 
[21], these instruments provide an objective method for 
early detection and subsequent treatment of amblyopia 
in this population. Pediatricians can use these findings to 
determine which instrument they find suitable to incorpo-
rate into their practice.

Our report has several limitations. First, different 
studies sometimes used different models of instruments, 
so we decided to group instruments by referral criteria 
or version, when available. Secondly, we report ranges 
of reported sensitivities and specificities by instrument 
based on studies identified in a literature search, some of 
which are wide. Due to the wide range reported, we also 
include the median values in Table 2. We have attached a 
supplement that contains all of the studies included in this 
report with sensitivities and specificities broken down for 
individual review (Appendix A).
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Appendix A. List of studies that test the sensitivities and specificities of pediatric vision 
screening instruments compared to the criterion standard confirmatory examination. 
 

Last name of 
first author Location Year Journal Comparison 

Age of 
Children Referral Criteria 

Yakar Brazil 2020 Arq. Bras. Oftalmol.  
spot vs standard 
autorefractor 3-10 yrs AAPOS 2013 

Forcina US 2017 AJO spot 6-35mo AAPOS 2013 

Petersheim US 2014 JAAPOS spot 11-221  
AAPOS 2013, 
v.1…., v.2.0.16 

Srinivasan US 2019 JAAPOS spot  6-36 mo 

AAPOS 2013 
(also study 
specific) 

Silbert US 2014 JAAPOS spot  1-6y 
AAPOS  2013, 
version1.03 

Mendez Costa Rica 2015 JAAPOS spot 20-119 AAPOS 2013 

Nishimura Canada 2019 BMC 
spot vs Plusoptix vs 
PVS 3-6y AAPOS 2013 

Arnold US 2013 JAAPOS 
iScreen vs Plusoptix vs 
spot vs icheckkids 6-130mo AAPOS 2003 

Zhang China 2019 OPO spot vs Plusoptix  <7 AAPOS 2013 
Arnold US 2020 Clic ophth 2WIN vs blinq median 6.5y 2003 AAPOS 
Racano US 2019 JAAPOS 2WIN vs Plusoptix mean 37.9m 2013 AAPOS 
Arnold US 2019 AJO 2WIN  median 6y 2003 AAPOS 

Kirk US 2014 JPOS 
2WIN vs Plusoptix vs 
SPOT 1-10y 2WIN 

Kirk US 2014 JPOS 
2WIN vs Plusoptix vs 
SPOT 1-10y  

Nishimura Canada 2019 BMC Plusoptix vs spot  AAPOS 2013 
Kinori US 2018 Curr Eye Research Plusoptix vs retinomax 3-5y ROC3 
Crescioni US 2015 JAAPOS Plusoptix vs spot 3-6 grade AAPOS 2013 
Ugurbas Turkey 2019 BMC Plusoptix 36mo-11yrs ROC5 
Zhang China 2019 OPO Plusoptix vs spot  <7 AAPOS 2013 
Silbert US 2013 JAAPOS iScreen vs MTI 6mo-17y AAPOS 2003 
Arnold US 2013 Binocular Vision 

and Strabology 
iScreen vs Plusoptix vs 
spot 

 AAPOS 2003 

Arnold US 2013 JAAPOS abstract iScreen vs Plusoptix vs 
spot vs icheckkids 

6-130mo AAPOS 2003 

Wang US 2012 JAAPOS abstract iScreen vs Plusoptix  5mo-13y AAPOS 2003 
Kerr US 2011 AOJ iScreen 2-5y  
Omran US 2011 Abstract iScreen  AAPOS 2003 
Haschke 
 

US 
 2018 JPOS 

Optec 
 

 AAPOS 2013 
 

Law US 2020 JAAPOS gocheck 3-48mo 2013 AAPOS, 
2017 AAO 

Walker US 2020 JAAPOS gocheck 6mo-6y 2013 AAPOS 
Petersiem US 2018 AJO gocheck 6mo-6y 2013 AAPOS 
Arnold US 2020 JPOS gocheck  2013 AAPOS 
Arnold US 2018 Clinical 

Ophthalmology 
gocheck 1-6y 2013 AAPOS 

Arnold US 2014 JPOS gocheck vs spot vs 
Plusoptix vs iScreen 

1-12y 2003 AAPOS 

Arnold US 2020 Clic ophth 2WIN vs blinq median 6.5 2003 AAPOS 
Nishimura Canada 2019 BMC PVS vs Plusoptix vs 

PVS 
3-6y manufacturer 

Yanni US 2013 ARVO Abstract PVS vs SureSight vs 
Randot 

2-6y manufacturer 

Jost US 2014 JAMA Ophtho PVS vs SureSight  2-6y manufacturer 
Beauchamp US 2013 JAAPOS Abstract PVS vs SureSight  2-6y manufacturer 
Kane  US 2012 JAAPOS PVS 3-8y manufacturer 
Loudon US 2011 IOVS PVS 2-18y manufacturer 

 


