
1157Stewart C, et al. Br J Ophthalmol 2022;106:1157–1163. doi:10.1136/bjophthalmol-2020-318385

Clinical science

Reliability of telemedicine for real- time paediatric 
ophthalmology consultations
Carly Stewart    ,1 Josephine Coffey- Sandoval,1 Mark W Reid,1 Tiffany C Ho,1,2 
Thomas C Lee,1,2 Sudha Nallasamy1,2

To cite: Stewart C, Coffey- 
Sandoval J, Reid MW, et al. 
Br J Ophthalmol 
2022;106:1157–1163.

 ► Additional material is 
published online only. To view, 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bjophthalmol- 2020- 318385).

1The Vision Center, Children’s 
Hospital Los Angeles, Los 
Angeles, California, USA
2USC Roski Eye Institute, 
Keck School of Medicine of 
the University of Southern 
California, Los Angeles, 
California, USA

Correspondence to
Dr. Sudha Nallasamy, The Vision 
Center, Children’s Hospital 
Los Angeles, Los Angeles, CA 
90027, USA;  
 sudha. nallasamy@ gmail. com

American Association of 
Pediatric Ophthalmology and 
Strabismus Annual Meeting 
2019

Received 9 November 2020
Revised 30 January 2021
Accepted 27 February 2021
Published Online First 
15 March 2021

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background/aims To assess the accuracy of real- time 
telemedicine to diagnose and manage paediatric eye 
conditions.
Methods Design: Prospective, non- inferiority study 
analysing agreement in diagnoses and management 
plans between telemedicine and in- person examinations. 
Setting: Paediatric ophthalmology clinic. Population: 
Children 0–17 years, English- speaking or Spanish- 
speaking, able to participate in age- appropriate manner, 
either previously seen by the optometrist and required 
ophthalmology referral or newly referred from outside 
source. Procedures: Paediatric optometrist conducted 
examinations using digital equipment and streamed live 
to a paediatric ophthalmologist who recorded diagnoses 
and management plans, then re- examined patients in- 
person. Subjects were masked to the fact they would see 
the ophthalmologist in- person, same- day. Main outcome 
measures: Discrepancy in management plan or diagnosis 
between telemedicine and in- person examinations. Non- 
inferiority threshold was <1.5% for management plan or 
<15% for diagnosis discrepancies.
Results 210 patients participated in 348 examinations. 
131 (62.4%) had strabismus as primary diagnosis. In 
these patients, excellent and almost perfect agreement 
was observed for angle measurements (intraclass 
correlation coefficients=0.98–1.00) and disease 
categorisation (kappa=0.94–1.00) (p<0.0001 in 
all cases). No primary diagnoses changed, and no 
management plans changed following in- person 
examination. 54/55 patients who consented for surgery 
at the initial visit did so while masked to receiving an 
in- person examination. Families felt comfortable with 
the quality of the telemedicine examination (98.5%) and 
would participate in another in the future (97.1%).
Conclusion Paediatric ophthalmic conditions can 
be reliably diagnosed and managed via telemedicine. 
Access for underserved populations may be improved 
by collaboration between ophthalmologists and 
optometrists using this technology.

INTRODUCTION
Worldwide, an estimated 19 million children aged 
0–14 years are blind or visually impaired from 
mostly treatable or preventable conditions.1 2 Global 
prevalence of strabismus and amblyopia in children 
under 20 is 1.78% and 1.63%, respectively.3 4 The 
demand for paediatric eye care is immense, and 
even the wealthiest countries see geographic and 
socioeconomic disparities in access to care affecting 
timely diagnosis.5 6 This may result in lifetime visual 

impairment with economic costs to both the indi-
vidual and society.

Telemedicine may expand access to specialists, 
especially for underserved populations, and reduce 
the burden of disease. In ophthalmology, asynchro-
nous telemedicine, in which images are sent to a 
remote specialist for interpretation, predominates. 
In paediatric populations, the use of asynchronous 
telemedicine for retinopathy of prematurity has 
been well validated.7–12 Until recently, real- time tele-
medicine had been less explored in ophthalmology, 
especially for a strictly paediatric population.13–16

At The Vision Center at Children’s Hospital Los 
Angeles (CHLA), 70%–80% of our patient popula-
tion is underserved. We sought to leverage telemed-
icine in partnership with paediatric optometrists 
within our practice to provide timely ophthalmic 
consultations in community- based settings. Previ-
ously, we conducted prospective validation studies 
for each device used in our telemedicine examina-
tions.17–19 In this investigation, we study agreement 
between telemedicine and in- person examina-
tions for diagnosing and managing paediatric eye 
conditions.

MATERIALS AND METHODS
Between February 2016 and April 2018, we 
conducted a prospective, non- inferiority study 
assessing agreement in diagnosis and management 
plan between telemedicine and in- person examina-
tions in The Vision Center. A paediatric optome-
trist within our practice (JC- S) on the patient’s side 
conducted the telemedicine examination, while a 
paediatric ophthalmologist (SN) watched in real 
time and counselled the family on her findings and 
plan. To determine the accuracy of the telemedi-
cine examination, she subsequently re- examined 
the patient in- person later the same day. Informed 
consent was obtained from a parent/legal guardian 
of all patient subjects. Assent was obtained from 
children aged ≥7 years, if cognitively able.

Eligibility/study population
Typically one (sometimes two) patient subject(s) 
and one parent/guardian were enrolled per family. 
Patient subjects were recruited from one of two 
sources: either they were newly referred to The 
Vision Center from an outside source (eg, paedi-
atrician, other specialist or outside optometrist) 
(‘comprehensive examinations’) or they had been 
seen by our paediatric optometrist and required 
referral to a paediatric ophthalmologist for surgical 
consultation or diagnostic and management 
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questions (‘consultation examinations’). Eligible patients 
included children <18 years who were able to participate in an 
age- appropriate manner.

Platform
The telemedicine system consisted of a Polycom RealPresence 
Group 500 video conferencing system (Polycom, San Jose, Cali-
fornia, USA), Pivothead glasses (Pivothead, Denver, Colorado, 
USA), a Topcon SLD4 digital slit lamp with DC4 camera attach-
ment (Topcon, Tokyo, Japan) and a Keeler Vantage Plus LED 
Digital Wireless Indirect Ophthalmoscope (Keeler, Windsor, 
UK). The Pivothead is a wireless, wearable device with a built- in 
high- definition camera at the nasal bridge and touch controls 
on the frame, allowing first person point- of- view video capture. 
Each device connects to a local computer to live- stream videos. 
To transmit videos to a remote examiner, the desktop was shared 
through an encrypted Polycom- to- Polycom video call over the 
hospital’s internal network at 4–6 Mbps. Videos were formatted 
most often at 720p (range 480–1080) and 29 frames/second for 
the Pivothead, 964p (range 900–964) and 20 frames/second 
(range 17–30) for the slit lamp, and always 576p and 25 frames/
second for the indirect ophthalmoscope. Videos of the telemed-
icine system in use are provided in online supplemental material 
(https://drive.google.com/file/d/1QBCs8i2HH9prxOGXHNG 
gNWJszGQmJxTZ/view?usp=sharing).

Design
During recruitment, subjects were given the choice between 
a telemedicine (research) or in- person (standard) examina-
tion, on the premise that there was a shorter wait for research 
appointments by an order of months. Subjects were masked to 
the fact that if they opted for telemedicine, they would also see 
the ophthalmologist in- person. This was done to gauge will-
ingness to participate in telemedicine examinations as well as 
trust in management plans (including surgical recommendations) 
attained via telemedicine.

At the visit, the optometrist obtained history, performed 
preliminary testing (vision, stereoacuity, intraocular pressure) 
and conducted the telemedicine examination. At the outset 
of the call, the optometrist presented the patient, stating her 
specific question or the reason for referral from the outside 
provider. The optometrist directed the ophthalmologist to areas 
of interest, while the latter viewed and guided the examination, 
from a remote but nearby location, and recorded diagnoses with 
ICD- 10 codes and management plans for each diagnosis. Non- 
medical diagnoses such as refractive errors were not included. 
There was opportunity for dialogue between the optometrist 
and ophthalmologist, but interpretation of the examination find-
ings was left up to the ophthalmologist. Patient counselling and 
consenting for surgery were conducted via telemedicine. After-
ward, the ophthalmologist performed an in- person examination 
and again recorded diagnoses and management plans.

Examinations were modified depending on whether the 
patient required a dilated fundus examination. Patients referred 
by the optometrist for a specific question (consultation exam-
inations) were not dilated unless clinically indicated. In these 
cases, strabismus measurements were verified in- person imme-
diately following the telemedicine call. New referrals from 
an outside source underwent a comprehensive examination 
including sensorimotor, slit lamp if age appropriate and dilated 
indirect ophthalmoscopy (comprehensive examinations), all via 
telemedicine. Comprehensive examinations were conducted in 
two parts: at the completion of the undilated examination, the 

optometrist ended the call, dilated the patient and performed 
cycloplegic refraction. When finished, she called the ophthal-
mologist back for the dilated examination. Strabismus measure-
ments, which cannot be accurately performed post- dilation, were 
not re- checked in- person following comprehensive telemedicine 
examinations. All strabismus measurements during consultation 
and follow- up telemedicine visits, including pre- and post- op 
examinations, were verified in- person.

The ophthalmologist, optometrist and parent/guardian 
completed surveys at different time points capturing demo-
graphics, patient and provider satisfaction, optometrist’s 
knowledge gain, technical challenges, duration of examination, 
whether or not the patient consented to surgery via telemedicine, 
and duration of patient’s commute and time missed from school 
and work. Patient satisfaction was captured before subjects were 
unmasked to seeing the ophthalmologist in- person. This paper 
primarily focuses on clinical outcomes, while experience and 
access data will be reported separately.

Outcome measures and data analysis
The primary outcome measure was agreement in diagnoses and 
management plans between the telemedicine and in- person eval-
uations. Patients were classified as having no change, change in 
management plan or change in diagnosis.

The threshold of non- inferiority was set at <1.5% for manage-
ment plan or <15% for diagnosis discrepancies. In establishing 
these limits, an acceptable level of imprecision was balanced with 
the practicality of running this study in a realistic timeframe and 
with minimal disruption in a clinic already experiencing long 
waits for care. Although it would be ideal to establish conclu-
sively that telemedicine was equal to in- person examinations, 
the number of cases required to compute a confidence interval 
(CI) around an outcome of zero management plan discrepan-
cies grows exponentially as the upper bound approaches zero. 
For example, the upper limit of the CI would be <1% if 300 
cases were evaluated and <0.5% for 600 cases. Given the prac-
tical challenges of evaluating 100–300 extra cases, an upper 
limit of 1.5% was chosen, which exceeds the upper limit of the 
CI (1.42%) if no discrepancies were found in 210 cases. This 
result would suggest that no more than 3 individuals out of 
210 might result in a management plan discrepancy in 95% of 
study replications. If the current study identified a single case of 
management plan discrepancy, it would conclude that telemed-
icine is inferior, as the CI around the estimate of 1 case ranges 
from 0.01% to 2.62%. Diagnosis discrepancies were considered 
less important to the overall course of patient care, so a higher 
threshold of 15% was chosen, corresponding to 21 observed 
changes (CI=6.3%–14.9%).

Secondary outcome measures were obtained from clinical 
evaluations and participant surveys, which encompassed the 
aforementioned metrics. For patients with strabismus, angle 
measurements and disease category were compared between 
telemedicine and in- person evaluations.

For strabismus disease category, agreement was determined by 
weighted kappa (κ), where adjacent categorisations (eg, exotropia 
vs intermittent exotropia) were considered near matches, 
while distant categories were considered fair (eg, exotropia vs 
exophoria) or poor matches (eg, exotropia vs esotropia; see 
online supplemental table 1). Interpretation of κ is based on the 
following scale: 0.0–0.20, no agreement; 0.21–0.39, minimal 
agreement; 0.40–0.59, weak; 0.60–0.79, moderate; 0.80–0.90, 
strong; >0.90, almost perfect.20
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To quantify agreement of angle measurements, intraclass 
correlation coefficients (ICCs) were calculated. Because angle 
measurements were obtained from the same rater under two 
study conditions (in- person vs telemedicine), two- way mixed 
models evaluating absolute agreement of single scores were used 
(ICC(A,1) based on the McGraw and Wong (1996) nomen-
clature).21 Interpretation of ICC is as follows: <0.50, poor 
agreement; 0.50–0.75, moderate; 0.75–0.90, good;>0.90, 
excellent.22

All analyses were conducted using Stata/SE V.14.2 (StataCorp, 
College Station, Texas, USA). All p values <0.05 were consid-
ered statistically significant.

RESULTS
Clinical outcomes
Two hundred ten patients (ages 0–17 years, median age=6 years, 
3 sets of 2 siblings) and one parent/guardian per family partic-
ipated. Table 1 presents patient demographics. Of 210 initial 
encounters, 94 were comprehensive and 116 were consulta-
tion examinations. In total, 348 examinations were conducted. 
Sixty- six patients had at least one follow- up examination 
(median=2). Results are reported for initial visit only unless 
stated otherwise.

The mean number of diagnoses per patient was 1.75 (range, 
0–5). Sixty- two per cent of patients were primarily diagnosed 
with strabismus (n=131); other common primary diagnoses 
included eyelid abnormalities (n=12), glaucoma suspect (n=10) 
and conjunctival disorders (n=9) (table 2). Among primary 
diagnoses, we saw 135 (64.3%) motility findings, 22 (10.5%) 
oculoplastic, 21 (10.0%) posterior segment, 17 (8.1%) anterior 
segment and 15 (7.1%) ‘other’ or systemic disease.

No primary diagnoses were changed between the telemedi-
cine and in- person examinations, although two non- primary 
diagnoses were: a tiny non- visually significant lens opacity and a 
small intermittent vertical deviation. Both were noted in- person 
but not seen via telemedicine; neither affected management. 
No management plans, including surgical plans, were changed 
following in- person examination.

Of 348 visits, we completed 310 Pivothead, 128 digital slit- 
lamp and 102 digital indirect ophthalmoscope examinations. 
The Pivothead was by far the most useful to the ophthalmol-
ogist in attaining diagnosis for sensorimotor findings and also 
nystagmus, nasolacrimal duct obstruction (NLDO) and eyelid 
findings.

We performed slit- lamp biomicroscopy on 79 patients (59 
dilated, 20 undilated; median age=9 years, age range=2–17 years) 
and gonioscopy once on an 8- year- old. All were successfully 
evaluated by the ophthalmologist via telemedicine.

Comprehensive examinations versus consultation 
examinations
The percentage of patients requiring surgery was slightly higher 
in the consultation compared with the comprehensive group 
(table 3). In the ophthalmologist’s estimation, more children in 
the consultation group had conditions warranting being seen by 
a paediatric ophthalmologist (78.4% vs 55.3% in the compre-
hensive group). The remaining patients either did not need to 
be seen at all or could have been seen by a qualified paediatric 
optometrist. Similarly, more children in the consultation group 
required follow- up care with ophthalmology (30.2% consulta-
tion vs 24.5% comprehensive) as opposed to follow- up exclu-
sively with the optometrist or co- managed through telemedicine, 
although this difference may not be clinically significant.

Patients with strabismus
In pre- op and post- op patients with strabismus, excellent or 
almost perfect agreement between telemedicine and in- person 
examinations was observed for angle measurements (ICC=0.98–
1.00) and disease categorisation (κ=0.94–1.00) (table 4). 
All agreement statistics were highly significant (p<0.0001). 
Measurement variations were minimal. Prism dioptres ranged 
from 1 to 70 in horizontal and 2–38 in vertical measurements 
(figure 1).

Surgical patients
Sixty- two subjects (ages 0.5–17 years, median=6 years) had 
surgery, and three had more than one within 1 year of initial 
examination. Three surgeries were for NLDO; all others 
were for strabismus. Surgical measurements were obtained by 
Krimsky or Hirschberg in four patients, all others by alternate 
prism cover test.

Almost all patients who consented for surgery at the initial 
visit (54/55) did so during the telemedicine examination, while 
masked to receiving an in- person examination. One subject who 
declined surgery during the telemedicine encounter changed his 
mind after seeing the surgeon in- person. Four patients declined 
entirely. Twenty patients consented for surgery at follow- ups; 
however, these subjects had already been unmasked to the study 
design.

After the initial visit, 122 (58.1%) patients without active 
disease were deemed by the ophthalmologist to be appropriate 
to be seen in follow- up exclusively by the optometrist. Thirty 
(14.3%) with active disease requiring close follow- up could be 
co- managed through telemedicine. The remaining 58 (27.6%) 
required follow- up care with the ophthalmologist either for 
surgery (with pre- op and post- op visits via telemedicine, n=55) 
or for referral to another specialist (glaucoma or retina, n=3).

Process and experience outcomes
Forty of 348 (11.5%) examinations had some delay due to 
equipment challenges. Most delays lasted 5–10 min and involved 

Table 1 Patient demographics

N (%)

Boys 93 (44)

Girls 117 (56)

Race

  American Indian or Alaska Native 4 (2)

  Asian 13 (6)

  Black or African American 20 (10)

  Native Hawaiian or Other Pacific Islander 0 (0)

  White 166 (79)

  Mixed or other 7 (3)

Ethnicity

  Hispanic or Latino 163 (78)

  Not Hispanic or Latino 47 (22)

Primary language

  English 94 (45)

  Spanish 106 (50)

  English and Spanish equally 3 (1)

  Other 7 (3)

Insurance type

  Public (Medicaid) 201 (96)

  Private 9 (4)
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the Pivothead or Polycom. Averaged across all encounters, this 
is approximately 1 min extra per encounter. In all 348 examina-
tions, the ophthalmologist was able to hear and see the patient 
and visualise areas of interest.

Nearly all parents felt comfortable with the quality of the tele-
medicine examination (98.5%) and reported they would partici-
pate in another one in the future (97.1%).

Table 2 Diagnoses

Condition name ICD- 10 codes

Primary diagnosis Non- primary diagnosis

N % N %

Strabismus H50, H49.1, H51.1, H51.8 131 62.4 39 18.6

  Esotropias H50.01–H50.08, H50.31–H50.32, H50.4 40 19.0 4 1.9

  Constant   37 17.6 3 1.4

    With A or V pattern*   6 2.9 0

    Congenital*   4 1.9 0

    Accommodative and partially
    accommodative*

  17 8.1 1 0.5

  Intermittent   2 1.0 1 0.5

    Accommodative   2 1.0 0

  Exotropias H50.11–H50.18, H50.33–H50.34 70 33.3 10 4.8

  Constant   13 6.2 2 1.0

    With A or V pattern   8 3.8 0

  Intermittent   57 27.1 8 3.8

    With A or V pattern   11 5.2 0

  Vertical strabismus H50.2 3 1.4 0

  Intermittent heterotropia H50.30 0 1 0.5

  Heterophoria H50.5 9 4.3 10 4.8

  Brown syndrome H50.6 1 0.5 1 0.5

  Duane’s syndrome H50.8 2 1.0 1 0.5

  Superior oblique palsy H49.1 5 2.4 0

  Convergence insufficiency H51.11 1 0.5 8 3.8

  Dissociated vertical deviation H51.8 0 10 4.8

Functional vision loss F45.8 1 0.5 0

Eyelid abnormalities and lesions D22.10, H00.1, H01.0, H02.4, H05.221, Q10.0, Q82.5 12 5.7 18 8.6

Conjunctivitis and conjunctival disorders D31.0, H10, H11 9 4.3 7 3.3

Keratitis and corneal abnormalities D31.1, H16, H17 5 2.4 2 1.0

Infantile and juvenile cataract H26.0 1 0.5 1 0.5

CHRPE and other specified retinal disorders D31.31, H31.002, H35, Q14.1 3 1.4 6 2.9

Glaucoma suspect H40.0, Q14.2, Q15.0 10 4.8 1 0.5

Vitreous floaters H43.391 1 0.5 2 1.0

Optic nerve disorders H47, Q14.2 8 3.8 0

  Optic nerve hypoplasia H47.03 1 0.5 0

  Optic disc anomaly H47.09, H47.39 3 1.4 0

  Optic disc cupping H47.39, Q14.2 4 1.9 0

Amblyopia H53.0 3 1.4 20 9.5

Nystagmus H55.0 2 1.0 2 1.0

Anisocoria H57.02 0 2 1.0

Ocular pain H57.10 0 1 0.5

Pseudostrabismus Q10.3 2 1.0 6 2.9

Congenital nasolacrimal duct obstruction Q10.5 8 3.8 0

Anterior segment abnormalities/malformations D31.4, H21.273, Q13 2 1.0 3 1.4

Non- ocular conditions†   

Type 1 diabetes E10.9 3 1.4 0

Type 2 diabetes E11.9 1 0.5 0

Facial nerve palsy G51.0 2 1.0 0

Juvenile idiopathic arthritis L40.54 1 0.5 0

Torticollis M43.6, R29.3 2 1.0 0

Unspecified cleft palate with unilateral cleft lip Q37.9 1 0.5 0

Neurofibromatosis, type 1 Q85.01 1 0.5 0

No medical diagnosis   1 0.5 0

*Strabismus conditions are not mutually exclusive.
†These were patients undergoing screening examinations who had no ocular clinical examination findings.
CHRPE, congenital hypertrophy of the retinal pigment epithelium.
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DISCUSSION
At The Vision Center, our motivation to study telemedicine was 
driven by an access problem, with the demand for paediatric 
ophthalmology care outstripping supply, and waits for a new 
appointment running over 5 months. Telemedicine offers consid-
erable opportunity to address workforce shortages, links special-
ists with primary providers in the management of complex 
patients and speed access to care. Confidence with telemedicine 
among eye care providers is increasing, but at least one- third 
continue to feel “not at all confident” in remote screening for 
eye care.23 This underscores a need for research in clinical vali-
dation and also into participant experience.

Our study demonstrates the non- inferiority of real- time tele-
medicine relative to in- person examinations for diagnosing 
and managing paediatric ophthalmic conditions. In contrast to 
earlier studies with older technology,24 25 the ophthalmologist 
was able to make accurate diagnoses, plans and measurements in 
virtually every telemedicine encounter. This held true even with 
video resolution as low as 480p with the Pivothead.

It should be noted that we did not examine any children with 
anterior uveitis and cannot comment on the ability to detect 
anterior chamber inflammation by digital slit lamp. Also, only 
children who were able to participate in an age- appropriate 
manner were eligible to enrol, excluding many with develop-
mental delays.

As for technical difficulties, indirect ophthalmoscopy took 
longer via telemedicine, in part because the working distance 
must be adjusted due to a discrepancy between what is seen and 

what is streamed. The digital indirect also uses a brighter LED 
light, making it difficult for young children. Furthermore, equip-
ment delays added slightly more time to telemedicine exams.

The number of patients consenting for surgery during the 
telemedicine encounter indicates trust in the platform. Only 
five patients (8.1%) declined surgery at the initial telemedicine 
visit. For three of those, surgery was reconstructive and not for 
visual function (one changed his mind following the in- person 

Table 3 Comprehensive examinations vs consultation examinations

Comprehensive examinations Consultation examinations Total

Subjects 94 116 210

Median age (years) 6 7 6

Surgeries

  Subjects for whom surgery was indicated (including at initial and follow- up visits) 31 (33.0%) 40 (34.5%) 71 (33.8%)

  Subjects who had surgery 27 (28.7%) 35 (30.2%) 62 (29.5%)

According to the ophthalmologist, this patient needed to be seen by an ophthalmologist 52 (55.3%) 91 (78.4%) 143 (68.1%)

According to the ophthalmologist, follow- up care after initial visit:

  Can be managed exclusively by paediatric optometrist 53 (56.4%) 69 (59.5%) 122 (58.1%)

  Can be co- managed by optometrist and ophthalmologist via telemedicine 18 (19.1%) 12 (10.3%) 30 (14.3%)

  Requires paediatric ophthalmology 23 (24.5%) 35 (30.2%) 58 (27.6%)

According to the optometrist, she would have referred this patient to ophthalmology 54 (57.4%) NA NA

NA, not available.

Table 4 Agreement between telemedicine and in- person 
examinations for patients with strabismus

Distance 
without 
correction

Near 
without 
correction

Distance 
with 
correction

Near with 
correction

Primary gaze
angle 
measurements
(ICC)

Horizontal 1.00
(n=47)

1.00
(n=61)

1.00
(n=26)

1.00
(n=34)

Vertical 0.98
(n=19)

1.00
(n=15)

0.98
(n=13)

0.98
(n=12)

Motility disease 
categorisation
(kappa)

Horizontal 0.98
(n=54)

1.00
(n=69)

0.96
(n=31)

0.97
(n=36)

Vertical 1.00
(n=54)

0.94
(n=69)

1.00
(n=31)

1.00
(n=36)

Angle measurement agreement is expressed as an intraclass correlation coefficient 
(ICC), and disease categorisation agreement is expressed as a kappa coefficient. N 
refers to the number of pairs evaluated.

Figure 1 Range of prism dioptres in strabismus examinations for 
horizontal (A) and vertical (B) measurements.
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examination). In another case, the patient already had surgery 
and the parent wanted to try a different treatment approach 
first. In the fifth case, the parents declined surgery recommended 
to improve binocularity, even after seeing the ophthalmologist 
in- person.

Unexpectedly, the ophthalmologist’s surgical volume increased 
25% from the same period the year prior, despite closing regular, 
much higher (average 4×) volume clinics to conduct the study. 
We suspect the increase was due in part to the study presenting 
the optometrist with a faster route to get surgical patients seen. 
Whatever the cause, this suggests possible improved access for 
surgical patients, although this should be evaluated in future 
studies.

Real- time telemedicine is optimal for consultation examina-
tions addressing a specific concern of the referring provider, 
rather than comprehensive examinations. While the ophthal-
mologist felt almost a third (31.9%) of patients overall did not 
need to be seen by an ophthalmologist, the difference between 
comprehensive (44.7%) and consultation (21.6%) subjects 
is striking. This—in combination with the fact that surgical 
volumes were similar between the comprehensive (28.7%) 
and consultation (30.2%) examinations—suggests the consul-
tation group may have had a higher number of medical diag-
noses requiring advanced care. This difference in complexity 
might also explain the higher rate of consultation examina-
tion patients who required follow- up care with an ophthal-
mologist after the initial visit (30.2% consultation vs 24.5% 
comprehensive).

The fact that close to half (44.7%) of comprehensive examina-
tions did not require ophthalmology may support a care model 
in which paediatric optometrists see a majority of new patients 
first, with telemedicine offering targeted ophthalmology consul-
tations as needed, although further study testing this hypoth-
esis is required, particularly in diverse practice settings. Such 
a model could enable high- volume clinics to shift stable, low- 
acuity and/or postoperative patients out to be managed by paedi-
atric optometrists from the same practice—ideally in a setting 
closer to the patient’s home—thereby freeing ophthalmologists 
to focus on acute or surgical patients. At CHLA, our optome-
trists travel to remote locations where they can manage our more 
stable patients, while our ophthalmologists block time for tele-
medicine consults, which are usually surgical cases pre- screened 
by the optometrist.

This telemedicine model is advantageous when patients live 
far from the surgical practice or when wait times are excessively 
long. The model holds less value in settings where patients face 
fewer barriers to care. The cost of equipment could present a 
challenge to scaling; however, the most useful piece of equip-
ment in this study—the Pivothead—is relatively inexpensive 
(<US$1000). We also foresee that software video- conferencing 
capabilities will improve sufficiently to replace the need for the 
more expensive hard- wired conferencing system in the near 
future.

The principal limitation of this study was that examinations 
were performed by one ophthalmologist and one optometrist 
who became adept at working together, operating the equip-
ment and troubleshooting glitches. There is a learning curve, and 
less experienced providers may take time to become proficient, 
possibly impacting adoption. The optometrist must be trained 
in paediatric optometry and highly competent with cycloplegic 
retinoscopy, as this component is not repeated by the ophthal-
mologist and can greatly impact managment. Future research 
should examine the feasibility of someone other than a paedi-
atric optometrist on the patient’s end, such as an orthoptist, 

technician or paediatrician, as availability of pediatrics- trained 
optometrists could be a limiting factor.

Another limitation is confirmation bias, as the same ophthal-
mologist performed the telemedicine examination and the 
in- person examination. While the ophthalmologist was invested 
in study outcomes, this was outweighed by her interest in safe 
and correct patient care.

Finally, this study was conducted entirely on our internal 
network. It would not be unreasonable to expect connec-
tivity challenges at external sites with less robust broadband 
connection.

This study demonstrates paediatric ophthalmic conditions can 
be reliably managed through real- time telemedicine. This model 
answers the specialist shortage, allows physicians to focus on 
surgical and medically complex patients, and helps ease access to 
care for underserved children.
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