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Objectives: Preschool programs provide essential preventive services,
such as hearing screening, but in rural regions, limited access to spe-
cialists and loss to follow-up compound rural health disparities. We
conducted a parallel-arm cluster-randomized controlled trial to evalu-
ate telemedicine specialty referral for preschool hearing screening. The
goal of this trial was to improve timely identification and treatment of
early childhood infection-related hearing loss, a preventable condition
with lifelong implications. We hypothesized that telemedicine specialty
referral would improve time to follow-up and the number of children
receiving follow-up compared with the standard primary care referral.

Design: We conducted a cluster-randomized controlled trial in K-12
schools in 15 communities over two academic years. Community ran-
domization occurred within four strata using location and school size. In
the second academic year (2018-2019), an ancillary trial was performed
in the 14 communities that had preschools to compare telemedicine spe-
cialty referral (intervention) to standard primary care referral (compari-
son) for preschool hearing screening. Randomization of communities
from the main trial was used for this ancillary trial. All children enrolled
in preschool were eligible. Masking was not possible because of timing
in the second year of the main trial, but referral assignment was not
openly disclosed. Study team members and school staff were masked
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throughout data collection, and statisticians were blinded to allocation
during analysis. Preschool screening occurred once, and children who
were referred for possible hearing loss or ear disease were monitored for
follow-up for 9 months from the screening date. The primary outcome
was time to ear/hearing-related follow-up from the date of screening.
The secondary outcome was any ear/hearing follow-up from screen-
ing to 9 months. Analyses were conducted using an intention-to-treat
approach.

Results: A total of 153 children were screened between September
2018 and March 2019. Of the 14 communities, 8 were assigned to the
telemedicine specialty referral pathway (90 children), and 6 to the stan-
dard primary care referral pathway (63 children). Seventy-one children
(46.4%) were referred for follow-up: 39 (43.3%) in the telemedicine
specialty referral communities and 32 (50.8%) in the standard primary
care referral communities. Of children referred, 30 (76.9%) children in
telemedicine specialty referral communities and 16 (50.0%) children in
standard primary care referral communities received follow-up within 9
months (Risk Ratio = 1.57; 95% confidence interval [CI], 1.22 to 2.01).
Among children who received follow-up, median time to follow-up was
28 days (interquartile range [IQR]: 15 to 71) in telemedicine specialty
referral communities compared with 85 days (IQR: 26 to 129) in stan-
dard primary care referral communities. Mean time to follow-up for all
referred children was 4.5 (event time ratio = 4.5; 95% Cl, 1.8to 11.4; p =
0.045) times faster in telemedicine specialty referral communities com-
pared with standard primary care referral communities in the 9-month
follow-up time frame.

Conclusions: Telemedicine specialty referral significantly improved fol-
low-up and reduced time to follow-up after preschool hearing screening
in rural Alaska. Telemedicine referrals could extend to other preventive
school-based services to improve access to specialty care for rural pre-
school children.
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INTRODUCTION

Screening for hearing loss is an essential preventive service
for children from birth through secondary education. Prevalence
of hearing loss in school-age children is more than double that
in newborns (Fortnum et al. 2001) and has significant conse-
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telemedicine referrals continued to be blinded to the interven-
tion allocation, and clinical study team members abstained
from consulting on any study-related cases for the ancil-
lary trial as they did for the main trial. During the hearing
screening data collection, all study team members, including
those collecting mHealth screening and school sta collect-
ing preschool hearing screening, were masked to other results
obtained on the day of screening. Masking was achieved by
not sharing screening results and spacing apart the di erent
screening stations. Trial statisticians were not blinded to treat-
ment allocation; however, they used the same analytic plan as
was used for the main trial, which was blind to allocation.

Procedures

The preschool screen, the mHealth screen, and the bench-
mark audiometric assessment were all completed on the same
day. Details on the screening and audiometric protocols have
been previously published (Emmett, Robler, Wang, et al. 2019).
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Testing occurred in quiet locations in the preschool such as
empty classrooms, libraries, or conference rooms. The pre-
school screening consisted of a distortion product of otoacous-
tic emissions screening using the Natus/Biologic AudX and was
performed by school sta , typically teachers and support sta .
Tr
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Alaska Community Health Aide Program, 2005), performed the
asynchronous telemedicine referral to audiologists located at
the regional hospital in Nome and otolaryngologists located at
the tertiary hospital in Anchorage if surgical or complex medi-
cal management was required (see Fig. 1).

The standard primary care referral (comparison) represented
standard practice in the region for all preschool programs and
included a letter from the school sent home to parents of children
who did not pass the hearing screening. The letter requested the
family bring the child to the local clinic for further evaluation,
at which point the child could be managed in one of several
ways: referral to a primary care provider, wait for an audiologist
to travel to their community for a field clinic or telemedicine
consultation to audiology. Audiologists would consult otolaryn-
gology as needed for surgical or complex medical management
(see Fig. 1). As telemedicine is standard practice in this region,
we did not restrict the use of telemedicine in standard primary
care referral communities.

Trial Outcomes

Consistent with the main trial, the primary outcome for the
ancillary trial was time to ear/hearing-related follow-up, mea-
sured in days from the date of hearing screening for referred
children and collected through chart review of the multiorgani-
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all adjustment variables prespecified. Regression parameters
were exponentiated to give the interpretation of event time ratios
(ETRs), with the standard primary care pathway in the numera-
tor for interpretability. An ETR greater than one would indicate
that participants in the standard primary care referral pathway
took longer to receive follow-up than those in the telemedicine
specialty referral pathway, while an ETR less than one would
indicate that participants in the standard primary care referral
pathway were seen sooner than those in the telemedicine spe-
cialty referral pathway.

Secondary analysis estimated di erences in probability of
any ear/hearing-related follow-up by treatment arm during each
pre-specified follow-up time point using risk ratios (RR) and
risk di erences (RD). RR quantifies the ratio of the probability
of having ear/hearing-related follow-up for the participants in
the intervention arm to the probability of follow-up in the com-
parison arm, while the RD quantifies the absolute di erence.
Widely accepted reporting guidelines recommend that both RRs
and RDs be reported for trials with binary outcomes (Schulz et
al. 2010), which helps guard against misinterpretation of e ect
sizes (Turner et al. 2021). RRs greater than one (or RDs greater
than zero) indicate increased ear/hearing-related follow-up for
the telemedicine specialty referral pathway versus the standard
primary care referral pathway. A modified Poisson regression
(Poisson distribution with log link and robust standard errors
[SEs]) was used to estimate RRs (Yelland et al. 2011), while
Gaussian distribution and identity link were used to estimate
RDs (Huang, 2021). Binomial models or modified Poisson
regressions with identity link were the preferred specifications
for estimation of RDs; however, lack of convergence necessi-
tated the use of linear probability models (i.e., Gaussian dis-
tribution with identity link). Because of concerns about model
misspecification to estimate RDs, sensitivity analysis estimated
RDs by applying the delta method to estimates from the modi-
fied log-Poisson model. All models were estimated using gen-
eralized estimating equations (GEE) with independent working
correlation matrices to account for the cluster randomized
design and robust SEs to account for model misspecification.
Independent correlation structure was chosen because of vari-
able cluster sizes (Sullivan Pepe & Anderson 1994). As with
the AFT models, unadjusted and adjusted treatment e ects were
computed with adjusted e ect considered primary.

With a relatively small number of clusters (k = 14), inflated
type 1 error was a concern. Therefore, permutation tests (Hel3
2017; Wang & De Gruttola 2017) were used to obtain p values
for the primary and secondary outcomes. To obtain confidence
intervals (Cl) for e ect estimates, Kauermann-Carroll (KC)
corrections (Kauermann & Carroll 2001) were used to com-
pute SEs for the treatment e ects for all binary outcome models
and the between-within adjustment of denominator degrees of
freedom (Li & Redden 2015) was used for analyses of time to
follow-up.

Clustering by communities for log time to ear/hearing-
related follow-up was quantified as an ICC and calculated (with
95% CIs) from the variance of the random e ects and scale
parameter. However, with a small number of clusters on which
to base the calculation, the measure is likely to be imprecise
and potentially biased. The ICC and 95% Cls for the binary
secondary outcome of any follow-up was computed using an
analysis of variance estimator (Wu et al. 2012) on cluster-level
proportions.
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A subgroup analysis was prespecified to examine heteroge-
neity of treatment e ects (HTE) according to a child’s hearing
management status, operationalized as one of three levels: under
active management for hearing-related conditions (ear/hearing
follow-up within 3 months before screening day or wearing a
hearing aid on screening day), under previous management (no
ear/hearing follow-up in 3 months prior but with an ear/hearing
follow-up greater than 3 months and less than 5 years from the
date of screening), or never managed (no ear/hearing follow-up
found in the 5 years before screening).

With only one primary hypothesis and one secondary
hypothesis of interest, no adjustment for multiple comparisons
was made. P values are presented only for the primary outcome
and secondary outcome. All other computed e ect estimates
and 95% Cls should be considered exploratory.

Analyses adhered to the Consolidated Standards for
Reporting Trials guidelines for cluster trials (Campbell et al.
2012) and were performed using Stata Software version 17
(StataCorp 2021).

RESULTS

Participants

During the 2018-2019 academic year, total preschool enroll-
ment was 207. Within this eligible population, 153 (73.9%)
children were screened, including 90 in telemedicine specialty
referral communities and 63 in standard primary care referral
communities (Fig. 2). Of those screened, 71 (46.4%) required
referral, including 39 (43.3%) in telemedicine specialty referral
communities and 32 (50.8%) in standard primary care refer-
ral communities. Baseline characteristics were similar, with
a slightly lower proportion of females (41.0% versus 50.0%)
and a higher proportion of children with hearing loss (30.8%
versus 10%) in the telemedicine specialty referral communi-
ties compared with standard primary care referral communities
(Table 1).

E ects of the Intervention

Among children who received follow-up, median time to
follow-up was 28 days (IQR: 15 to 71) in telemedicine spe-
cialty referral communities compared with 85 days (IQR: 26
to 129) in standard primary care referral communities. Mean
time to follow-up for all referred children was 4.5-fold faster
(ETR = 4.5; 95% CI, 1.8 to 11.4; p = 0.045) in telemedicine
specialty referral communities compared with standard primary
care referral communities in the 9-month follow-up time frame
(Fig. 3). Of the 71 children who were referred, 30 (76.9%) of 39
in telemedicine specialty referral communities received follow-
up within 9 months (275 days) compared with 16 (50.0%) of 32
in primary care referral communities (Table 2).

Children in telemedicine specialty referral communities
were 57% more likely (RR = 1.57, 95% CI, 1.22 to 2.01; p
= 0.028) than children in standard primary care communities
to receive follow-up by the 9-month follow-up endpoint, cor-
responding to an RD of 28.4 percentage points (pp) (95% ClI,
13.8 to 43.1pp) (Table 2). RRs ranged from 1.57 to 3.31 and
28.4 to 41.2 for RDs, with the size of the e ect varying sub-
stantially with the timepoint for follow-up. The largest risk ratio
for the proportion followed-up was at 60 days (RR =3.31; 95%
Cl, 1.60 to 6.84), indicating that the majority of follow-up in
telemedicine specialty referral communities occurred during
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the 60-day period and follow-up became similar between the
two arms after 60 days (Fig. 3). Alternative computation of RDs
using the delta method can be found in Table ST1, Supplemental
Digital Content 2, http:/links.lww.com/EANDH/B126.

Calculation of the intracluster correlation coe cient for time
to ear/hearing-related follow-up and presence of an ear/hearing-
related follow-up (at 275 days) was unstable because of a low
calculated variance on the random e ect with estimate and 95%
ClI close to zero and thus are not reported. Calculated ICC for
the binary outcome of any ear/hearing-related follow-up was
0.040 (95% CI, 0.000 to 0.226) (see Table ST2 in Supplemental
Digital Content 2 http://links.lww.com/EANDH/B126).

Heterogeneity of Treatment E ects (HTE)

During the 9-month follow-up period, 72.7% versus 37.5%
of never managed children had ear/hearing-related follow-up
in telemedicine specialty referral versus standard primary care
referral communities, respectively. Similar proportions for the
previously managed children received follow-up, whereas nearly
all currently managed children were followed up (77.8% in tele-
medicine specialty referral communities and 100% in standard

primary care referral communities; Table ST3, Supplemental
Digital Content 2, http:/links.lww.com/EANDH/B126).
Proportion of children followed-up by 275 days in telemedicine
specialty referral communities versus proportion followed-up in
standard primary care referral communities was similar between
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reduced loss to follow-up compared with standard primary
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analysis and interpretation of data. K.L.H., S.D.E., and S.K.R. involved in
literature search. S.D.E., A.P, and S.K.R. involved in drafting the article.
SDE., AP, ELT, G, AL, M.I-J, CDJ, PH, N.-Y.W, K.L.H., and
S.K.R. participated in critical revision of the article for important intel-
lectual content. A.P. and E.L.T. involved in statistical analysis. S.D.E. and
S.K.R. obtained funding. S.D.E. and S.K.R. involved in study supervision.
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