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Abstract

Objectives: To evaluate the efficiency of in-house genetic testing for mutations causing
the most common types of inherited, nonsyndromic, sensorineural hearing loss (SNHL).
Methods: Retrospective cohort study of 200 patients at a single, pediatric medical
center with suspected or confirmed hearing loss who underwent either send out vs
in-house genetic testing for mutations in GJB2/GJB6, SLC26A4, and MTRNR1. Pri-
mary outcome measure was the difference in mean turnaround time for send-out vs
in-house genetic testing. Additional outcomes included associations between audio-
metric findings and genetic test results.

Results: One hundred four send-out tests were performed between October 2010 and
June 2014, and 100 in-house tests were performed between November 2014 and
November 2016. The mean turnaround time for send-out testing was 53.7 days. The
mean turnaround time for in-house testing was 18.9 days. This difference was statisti-
cally significant (P < .001). The largest component of turnaround time was the amount of
time elapsed between receipt of specimen in the lab and final test result. These intervals
were 47.0 and 18.3 days for send-out and in-house tests, respectively. Notably, the lon-
gest turnaround time for in-house testing (43 days) was less than the average turn-
around time for send-out testing. In addition, we identified two simple audiometric
parameters (ie, bilateral newborn hearing screen referral and audiometry showing sym-
metric SNHL) that may increase diagnostic yield of genetic testing.

Conclusions: The development of in-house genetic testing programs for inherited SNHL
can significantly reduce testing turnaround times. Newborn hearing screening and audiom-
etry results can help clinicians identify patients most likely to benefit from genetic testing.

Level of Evidence: IV.
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1 | INTRODUCTION

Sensorineural hearing loss (SNHL) affects approximately 1.86/1000
live births, and prevalence is higher in certain settings, such as neona-
tal intensive care units, where rates are approximately 2-4/1000.%2
The prevalence of SNHL rises throughout childhood, with 2.7/1000
affected by age 5 and 3.5/1000 affected by adolescence.?® Failure to
treat SNHL can have deleterious effects on a child's development,
quality of life, and eventual socioeconomic standing. Furthermore, the
window of opportunity to intervene is narrow: children with congeni-
tal SNHL diagnosed after 6 months of age are at high risk for lagging
behind peers in terms of speech and language development. 7

Since the 1990s, newborn hearing screening (NBHS) programs
have allowed for diagnosis and intervention of congenital SNHL
within the first months of life.2 Although NBHS programs play a criti-
cal role in early identification and intervention for hearing loss, current
screening protocols have limitations, including: (a) the inability to iden-
tify children with mild SNHL whose hearing levels fall beneath the
thresholds of screening tests; and (a) missing the identification of chil-
dren at risk for late-onset or progressive SNHL, some of which have
genetic causes. Often, these children are not identified until years
later through school-based screening or formal audiologic assessment
prompted by concerned caregivers.”

Approximately 70% of congenital SNHL has a genetic basis. By the
age of four, congenital SNHL accounts for 54% of cases; however, a sub-
stantial proportion of later-onset SNHL is related to inherited vulnerabil-
ities.> The most commonly implicated genes (GJB2/GJB6), which account
for approximately 35% of congenital deafness, may possess mutations
that lead to late onset, progressive loss during early childhood.*®*
Recent studies have shown that up to 56% of patients with these muta-
tions may pass initial NBHS.12 Additionally, some genetic mutations raise
susceptibility for acquired hearing loss through toxic and environmental
exposures. For example, patients with mutations in SLC26A4, the gene
responsible for Pendred Syndrome and the nonsyndromic hearing loss
phenotype DFNB4, are at risk for SNHL from minor head trauma. Simi-
larly, mutations in the mitochondrial gene MTRNR1 can lead to hearing
loss through exposure to aminoglycosides. 14

In recent years, genetic testing has played an increasingly impor-
tant role in the diagnosis of neonatal and pediatric hearing loss. His-
torically, laboratory studies for identifying inherited SNHL included
tests such as electrolyte analysis, urinalysis, thyroid function, antinu-
clear antibody, rheumatoid factor, CBC, electrocardiogram, and
others. However, research has shown that these tests have a low
diagnostic yield (0%-2%) and they provide minimal information about
underlying mutations.*> In contrast, genetic testing has greater sensi-
tivity and specificity, and results can provide detailed information to
optimize patient care.*® For example, GJB2 mutations causing signifi-
cant hearing loss, which are well-characterized with genetic testing,
produce no abnormal routine lab or imaging findings. Yet, multiple
studies have shown these individuals to be highly successful cochlear
implant recipients.'®1® Genetic testing results for these patients is
highly useful in combination with other diagnostic findings to expedite

intervention, including cochlear implant surgery, and in providing

valuable prognostic information to parents and providers. Similarly,
early identification of mutations in SLC26A4 and MTRNR1 may help
implement preventative measures that would minimize the risk of pro-
gressive loss caused by trauma or ototoxic exposure.

NBHS combined with genetic testing holds significant promise
for improving diagnosis of pediatric SNHL. However, high cost and
long turnaround times have limited the feasibility of broad adoption.
More recently, genetic testing costs have fallen with advances in
sequencing technology, as well as with the development of standard-
ized, epidemiologically based panels to target genes of interest. As
testing becomes more widespread, costs are expected to decline fur-
ther.*? Lengthy turnaround times remain a potential limit to the utility
of genetic testing. Currently, high-volume genetic testing is primarily
performed at a limited number of centers in the United States, and
test results may not be available for several months, potentially
delaying diagnosis and intervention.2°

Current screening for inherited SNHL has several limitations, includ-
ing inability to detect mild SNHL and later onset loss due to genetic sus-
ceptibility. Furthermore, traditional diagnostic laboratory testing for
patients with confirmed SNHL provides little information to determine
prognosis and guide management. Genetic testing can address many of
these limitations; however, the long turnaround time associated with
such testing continues to limit its utility. In response, our institution
developed an in-house genetic testing panel for the most common
genetic causes of SNHL in the United States. This study evaluated
whether in-house testing can significantly reduce turnaround times, thus
removing a significant barrier to broader adoption. In addition, this study
evaluated whether certain NBHS and audiometry results can be used to

increase the diagnostic yield of genetic testing.

2 | MATERIALS AND METHODS

This retrospective chart review examined all pediatric patients
undergoing genetic testing for SNHL between October 2010 and
November 2016. Two hundred patients were identified. In-house
genetic tests were developed and performed in a CLIA and CAP-
accredited laboratory. The exons and immediately adjacent intronic
regions of GJB2, including the 5 prime UTR known to harbor a
pathogenic mutation, were PCR amplified and analyzed by Sanger
sequencing. Four MTRNR1 gene mutations (827A>G, 961delT+C(n)
ins, 1494C>T, and 1555A>G) were analyzed by Sanger sequencing.
Real-time PCR Tagman assays were used to perform SLC26A4
mutation analysis for the most common mutations associated with
Pendred syndrome and nonsyndromic enlarged vestibular aqueduct
(c.707T>C and c.1246A>C). Tagman copy number assays in a quan-
titative real-time PCR-based genotyping platform were designed to
detect deletions encompassing the GJB6 gene (309 kb del
[GJB6-D1351830] and 232 kb del[GJB6-D1351854]). Send-out test-
ing was done for GJB2 and GJB6 mutations, using the same
methods as were used in-house. Patient testing was ordered from a
variety of settings, including outpatient clinics (otolaryngology,

genetics and general pediatrics) as well as the neonatal intensive
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Genetic Testing Over Time
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FIGURE 1 Genetic testing over time

care unit. From October 2010 to October 2013, only send-out test-
ing was available. As of November 2013, in-house genetic testing
became available, and as of July 2014 all testing was done exclu-
sively in-house. In all, 104 send-out tests were performed, and
100 in-house tests were performed (some patients had both tests
performed during the time of transition).

To measure time associated with testing, the following time points
were captured: date of specimen collection, date of sample acquisition
by the lab, result date, and date results were clinically available. To char-
acterize the study cohort, we reviewed medical records for basic demo-
graphic data, audiologic assessments, and interventions for treating
SNHL. Audiologic assessments were obtained from the most complete
testing done closest to the time of genetic testing. These included NBHS,
behavioral testing (visual reinforcement audiometry), pure tone audiome-
try, DPOAEs, and diagnostic auditory brain response (ABR). Due to the
diversity of audiologic data, type and degree of hearing loss were defined
by the highest reported threshold in the worst-hearing ear. Hearing loss
was classified per convention with respect to type (ie, sensorineural, con-
ductive, mixed) and severity (ie, mild, moderate, moderately severe,

severe, profound). Laterality of hearing loss was also considered and
FIGURE 2 Send-out vs in-house
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classified as symmetric, asymmetric, unilateral (ie, one ear with normal
thresholds), or unknown.

The primary outcome analysis was difference in mean turnaround
time for send-out vs in-house testing. Turnaround time was defined as
the number of days elapsed between specimen collection and result
availability. Data were analyzed for statistical significance using Student's
t test. Secondary outcome measures included: (a) genetic testing results
vs NBHS results; (b) genetic testing results vs hearing loss laterality; and
(c) genetic testing results vs hearing loss severity. These results were ana-
lyzed using chi-square and Fischer's exact tests.

3 | RESULTS
3.1 | Turnaround times, costs, and genetic testing
results

One hundred four send-out tests were performed between October
2010 and June 2014, and 100 in-house tests were performed

between November 2014 and November 2016 (Figure 1).
Send-Out vs In-House Turnaround Time
Max:142
**¥*¥p < .001

Median: 49

IQR: 35-66 Max:43

Average: 53.7

Median: 18
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In-House
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Age at Genetic Testing FIGURE 3 Age at genetic testing
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Average send-out testing cost was $3180, whereas average in-
house testing was $2238, a difference of $942. In most cases,
insurance covered the cost of testing. Four patients had both
send-out and in-house testing ordered. Turnaround time data for
these duplicated tests were included in the final analysis. The

mean turnaround time for send-out testing was 53.7 days (median
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49, range 17-142). The mean turnaround time for in-house testing
was 18.9 days (median 18, range 7-43). This difference was statis-
tically significant (P <.001; Figure 2). The largest component of
turnaround time was the amount of time elapsed between receipt
of specimen in the lab and final test result. The mean intervals for

these time frames were 47.0 days (range 10-140 days) and

11

Normal FIGURE 5 Hearing loss type
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18.3 days (range 7-43 days) for send-out and in-house tests,
respectively. The difference between these values was statistically

significant (P < .001). Similar differences were seen in time from

Hearing Loss Laterality
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FIGURE 6 Hearing loss laterality

TABLE 1

Mutations
DFNB1
1) ¢.35delG, 2) c.35delG (GJB2)
1) c.109G>A, 2) c.109G>A (GJB2)
1) c¢.35delG, 2) c.109G>A (GJB2)
1) c.35delG, 2) ¢.269T>C (GJB2)
1) ¢.35delG, 2) ¢.229T>C (GJB2)
1) c¢.35delG, 2) c.139G>A (GJB2)
1) ¢.71G>A, 2) c.71G>A (GJB2)
1) ¢.358_360delGAG, 2) ¢.380G>T (GJB2)
1) ¢.3170G>A, 2) ¢.269C>T (GJB2)
Likely DFNB1
1) c.269T>C, 2) c.167delT (GJB2)
1) c¢.35delG, 2) c¢.101T>C (GJB2)
1) c¢.109G>A, 2) c.617A>G (GJB2), 1) m.827A>G (MT-RNR1)
1) ¢.35delG, 2) c.267dupC (GJB2)
DFNAZ3/palmoplantar keratoderma
1) ¢.223C>T, 2) Normal allele (GJB2)
Benign polymorphism (GJB2)
Benign polymorphism (GJB2)
Carrier
¢.35delG (GJB2)
c.617A>G (GJB2
c.416G>A (GJB2
€.269T>C (GJB2
c.133G>A (GJB2
c.109G>A (GJB2
¢.101T>C (GJB2

Heterozygous mutation of unknown significance
¢.241C>G (GJB2), m.827A>G (MT-RNR1)
Grand total

in the

0.6 days) and time from final test results to results being available

collection to arrival lab (send-out 2.1 days, in-house
to our institution (send out: 4.6 days, in-house 0.0 days). However,
these intervals were minor contributors to the overall turnaround
time. Notably, the longest turnaround time for in-house testing
(43 days) was less than the average turnaround time for send-out
testing. To evaluate whether turnaround time for send-out testing
declined over time due to increased testing efficiency, we com-
pared the average turnaround time during the first and last
12 months of send-out testing. A decline was noted (58.8 vs
48.2 days) but this difference was not significant (P = .084).

3.2 | Patient characteristics

Patients undergoing genetic testing included 90 females and

110 males, with ages ranging from 1 day to 18 years. In all, 32% of

List of mutations categorized by genetic condition and including testing status (positive, negative, uncertain)

(+) Test (=) Test Uncertain result Grand total
19 19
9 9
2 2
2 2
1 1
1 1
1 1
1 1
1 1
1 1
4 4
1 1
1 1
1 1
1 1
1 1
1 1
17 17
17 17
13 13
7 7
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
24 30 1 55
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patients underwent genetic testing before 1 year of age, 25% were
tested between ages 4 and 8, and the remaining 43% were tested out-

side these time frames (Figure 3).

3.3 | Audiometric testing

NBHS results were available for 140 patients: 55 (39.2%) patients
(12.1%)

passed. Audiometric

referred bilaterally, 17 referred unilaterally, and
68 (48.5%)

174 patients. However, due to incomplete or inconclusive testing,

results were available for

hearing loss type was not defined for one patient, and laterality
was not defined for three patients. With respect to hearing loss
severity, 32 of 184 (17.4%) patients had mild loss, 59 (32.1%) had
moderate loss, 12 (6.5%) had moderately severe loss, 25 (13.6%)
had severe loss, 45 (24.5%) had profound loss, and 11 (6.0%) had
hearing within normal limits (Figure 4). With respect to hearing
loss type, 157 of 183 (85.2%) had SNHL alone, 1 (0.01%) had
conductive hearing loss alone, 15 (8.2%) had mixed loss, and
11 (6.0%) had normal results (Figure 5). With respect to laterality
of hearing loss, 102 of 180 (56.4%) had symmetric loss, and
39 (21.5%) had asymmetric loss, 31 (17.1%) had unilateral loss
(Figure 6).

FIGURE 7 Newborn hearing
screening (NBHS) results

93%

B Uncertain
Test (-)
m Test (+)
Y 7%
Unknown
3.4 | Genetic testing results

With respect to genetic test results (Table 1), 24 patients (11.8%) had
genetic test results that explained confirmed SNHL (ie, “positive”
tests): 19 patients (9.3%) had biallelic, pathogenic variants in GJB2
known to cause nonsyndromic SNHL (DFNB1); 1 patient (0.5%) had a
heterozygous variant in GJB2 associated with syndromic SNHL
(Palmoplantar Keratoderma and Deafness); and 4 patients (2.0%) had
biallelic variants in GJB2 suspected to cause nonsyndromic SNHL
(Likely DFNB1). One patient in the “Likely DFNB1” group also had a
heterozygous mutation in a mitochondrial gene (MT-RNR1) associated
with SNHL from aminoglycoside exposure. One patient (0.5%) had a
heterozygous GJB2 variant of uncertain significance as well as the
same heterozygous MT-RNR1 mutation noted above. The remaining
179 patients (87.8%) had no identifiable mutations in the genes tested
that are associated with SNHL: 13 patients (6.4%) were identified as
carriers for GJB2 mutations associated with DFNB1; 17 patients
(8.3%) had benign polymorphisms in GJB2; and 149 patients (73.0%)
had no variants in the genes tested. There were no patients identified
with mutations in GJB6 or SLC26A4. Both in-house and send-out
tests were negative for the four patients who had both types of test-
ing ordered. Eight patients with normal hearing underwent genetic
testing: four patients who passed NBHS were tested within the first
days of life while in the NICU. Rationale for genetic testing could not
be determined from the medical record. An additional three patients
had initial testing (ie, OAEs, ABR, audiometry) that showed hearing
loss, but further testing demonstrated normal hearing. Finally, one
patient had genetic testing done despite normal audiometry due to an
extensive family history of SNHL. None of these eight patients had

pathogenic mutations in the genes tested.

3.5 | Interventions

Of the 174 patients with confirmed hearing loss, 163 (93.7%) received
intervention: 128 (73.6%) were given hearing aids, 25 (14.4%) under-
went cochlear implantation, 3 (1.7%) received an FM system, and
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1 (0.6%) received a soft-band bone conduction hearing aid. Addition-
ally, six patients (3.4%) with either mild or moderate loss were
monitored with interval audiograms, five (2.9%) patients received no
intervention, and 5 (2.9%) were lost to follow-up or transferred care

before intervention was implemented.

3.6 |
results

Audiometric correlations with genetic testing

We further analyzed available audiometric data to determine correla-
tions with genetic testing results. When NBHS results were analyzed,
we found that 27.3% of patients with bilateral referral tested positive
for mutations associated with inherited SNHL. This compares to a
5.9% positive rate with unilateral referral, a 7.4% rate with a passed
NBHS and a 5.0% rate for those who had no NBHS results. The differ-
ences between these groups were statistically significant (P < .001,
Figure 7). When hearing loss laterality was analyzed, we found that
19.6% of patients with symmetric SNHL of any severity tested posi-
tive for mutations associated with inherited SNHL. This compares to
4.3% of patients with either asymmetric or unilateral SNHL of any
severity. These differences were statistically significant (P = .01;
Figure 8). When hearing loss severity was analyzed, there was no sig-
nificant difference between positive or negative test results when
comparing all levels of SNHL severity (P = .39). Similarly, there was no
significant difference between positive or negative genetic test results
for patients with profound SNHL compared to all other levels of
severity combined as a single group (P = .60).

Patients with negative testing had higher rates of mixed hearing
loss compared to patients who had positive genetic testing (9.4% vs
4.3%). However, a large majority of these patients (89.9%) had SNHL
alone, and the overall differences between types of hearing loss seen
between each group was not statistically significant (P = .74). In addi-
tion, it should be noted that genetic testing was negative for
149 (86.1%) of all patients who had some type of hearing loss. These
represent patients with either an inherited form of SNHL not identifi-
able with our testing protocol or a noninherited form of SNHL.

4 | DISCUSSION

In this study, we evaluated whether an in-house testing protocol can
improve the efficiency, and ultimately the utility, of genetic testing for
inherited SNHL. We demonstrated a significant decrease in average
turnaround time with implementation of in-house testing (18.9 vs
53.7 days). We also demonstrated a substantial decrease in the range
of turnaround times, again favoring in-house testing (7-43 vs
17-142 days). In addition, in-house testing reduced cost by $942,
which translated into approximately $94 200 in overall savings in
health care expenditures. Without access to pricing details at outside
labs, it is difficult to explain this cost difference. However, we made
concerted efforts to minimize price inflation when determining the

cost of the tests and their clinical interpretation. Furthermore,

in-house testing was generally more extensive in terms of the number
of genes analyzed (ie, most send-out testing did not evaluate for vari-
ants in SLC26A4). These differences in turnaround times, cost, and
testing scope are relevant to institutions considering implementation
of in-house genetic testing for SNHL. Current guidelines set forth by
the American Academy of Pediatrics Joint Committee (AAP-JC) on
Infant Hearing (JCIH) recommend universal screening for hearing loss
before 1 month of age, diagnosis before 3 months, and intervention
by 6 months.2? Given this narrow time frame, timely testing results
are critical to ensure appropriate management of children with
SNHL, especially children with profound SNHL who will not benefit
significantly from early hearing aid use. Even with the limited testing
panel described here, time frames reaching the upper limit of send-
out testing (142 days) could conceivably cause unnecessary delays in
management, including preventative counseling for patients with
mutations in SLC26A4 and MTRNR1, sibling evaluation, and prepara-
tion for cochlear implantation. As testing panels expand, and as earlier
interventions become possible (eg, cochlear implantation in children
under 12 months of age), early, accurate diagnosis becomes increas-
ingly important.?? Our study demonstrates that in-house genetic
testing can consistently provide results within the time frame rec-
ommended by the AAP-JC. It is conceivable that early genetic testing
in conjunction with appropriate, confirmatory audiometric testing
could provide sufficient evidence to proceed with cochlear implanta-
tion as early at 6 months, and hearing aid fitting even earlier than the
6 months recommended by the AAP-JC. Based on growing evidence
that neural connections associated with sensory and linguistic devel-
opment develop in a sequential fashion and peak before 10 months of
age, earlier intervention could provide superior benefit to hearing
impaired children.?®2* Additionally, the study highlights the potential
for universal, large panel, genetic screening of newborns to provide
even earlier diagnosis and intervention, as well as guidance for addi-
tional testing in patients with mutations associated with syndromic
loss or other organ system pathology that may not be apparent in the
first months of life (eg, imaging in patients with Pendred syndrome or
SLC26A4 mutations, ophthalmology evaluation in patients with Usher
syndrome, cardiology evaluation in patients with Jervell and Lange-
Nielsen syndrome). Given our findings, it is conceivable that these
could be accomplished by as early as 1 month of age. This shorter
time frame is also an important consideration given the emerging
prospects of treating inherited SNHL with targeted gene therapy.?®
Such interventions could improve the treatment of inherited SNHL in
pediatric populations, but they would require early genetic testing to
identify appropriate candidates.

Our study also demonstrated that both bilateral NBHS referral
and symmetric SNHL of any severity were associated with positive
genetic testing for mutations known or suspected to cause SNHL.
Multiple studies have demonstrated strong associations between
bilateral referral and bilateral hearing loss whereas others have shown
the high likelihood for inherited hearing loss to affect both ears
equally.262? Our study reiterates and quantifies these associations
specifically within the context of evaluating children with hearing loss.

For clinicians, NBHS results and/or simple audiometry alone can help
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identify patients who are most likely to benefit from early genetic
testing. Indeed, given the strength of its association with positive
genetic testing seen in our study, bilateral referral alone may be suffi-
cient justification to order testing. However, it should be noted that
7.4% of patients in our study who passed NBHS later had audiometry
showing SNHL and positive genetic testing for mutations in GJB2
consistent with a definite or likely diagnosis of DFNB1. This under-
scores the limitations of current NBHS testing thresholds, which can
fail to identify some mild and potentially progressive SNHL.

Despite the potential benefits of universal genetic testing in
newborns for SNHL, several potential problems, and pitfalls remain.
First, as with any genetic testing, there are ethical considerations
regarding patient autonomy and the potential for discrimination. In
the pediatric setting, there is also the potential for causing unneces-
sary parental anxiety. This was described anecdotally by several of
the clinicians in our study, who noted that many parents declined
testing despite appropriate counseling. Second, due to the heteroge-
neity of mutations and wide range of inherited SNHL severity,
genetic testing may identify pathogenic mutations in patients who
suffer only very mild SNHL. This will likely require significant
changes to and likely expansion of the protocols, education, testing,
monitoring, and interventions needed for treating patients. In terms
of expanded testing, many institutions are now able to test for over
100 genes known to cause hearing loss, including our own, which at
the time of this publication is able to test for 157 such genes. Finally,
there is the risk of false assurance from a negative test. Despite its
high degree of specificity and sensitivity, genetic testing is unlikely
to identify and diagnose all patients at risk for inherited SNHL, espe-
cially for patients possessing rare pathogenic mutations. As our own
data demonstrated, genetic testing was negative in a majority of
patients ultimately diagnosed with some form of hearing loss. Given
the expanding catalog of mutations associated with SNHL and the
limited number of mutations tested in this study, it is possible that
some of these patients have a form of inherited hearing loss that is
currently undefined or that falls outside the scope of our testing
protocol.

This study has several limitations, including retrospective design
and short-term observations. Small sample size was also a limitation
given the frequency of certain well-established mutations. Not sur-
prisingly, the vast majority of positive tests involved mutations in
GJB2. However, we identified no mutations involving other com-
monly affected genes, such as SLC26A4, which accounts for any-
where from 5% to 10% of hereditary hearing loss. It is possible that
the rapid turnaround times seen in our lab might not be replicable
elsewhere, especially outside of larger tertiary health care centers.
Additionally, our testing was limited to a narrow range of genes and
mutations commonly associated with hearing loss. Although the diag-
nostic yield and utility of such testing would be expected to increase
as more mutations are included, it is unclear how such changes would
affect the overall turnaround time and cost. Furthermore, although
we did develop an internal algorithm for ordering genetic testing, this
was not implemented until 2016. Thus, the criteria for genetic testing

varied over time as well as across the different clinical services

ordering the tests. Finally, the heterogeneity of audiometric data may
have limited our ability to better characterize relationships between
hearing loss and genetic testing results. However, the associations
identified between positive genetic tests and bilateral NBHS referral
as well as symmetric SNHL could help clinicians maximize the diag-
nostic yield of genetic testing.

5 | CONCLUSION

In conclusion, we demonstrated that in-house genetic testing for
SNHL significantly reduces testing turnaround times, thus lowering
the potential for delayed diagnosis and treatment and opening the
possibility for an even more expedited time frame for identifying and
managing inherited SNHL. In addition, we identified two simple audio-
metric parameters (ie, bilateral NBHS referral and audiometry showing
symmetric SNHL) that appear to increase diagnostic yield of genetic
testing. Because these measures are either usually available during
the neonatal period or easily acquired thereafter, they could be used
by clinicians to identify patients most likely to benefit from genetic
testing.

As genetic testing continues to become a more routine com-
ponent of neonatal and pediatric screening writ large, diagnosis
and management of inherited SNHL will likely become increasingly
dependent on NHBS augmented by expanded or universal genetic
screening. Although such changes are not without potential practi-
cal and ethical complications, there are clear benefits to patients in
terms of definitive diagnosis, more detailed prognosis, timely man-
agement, parental counseling, and avoidance of environmental fac-
tors that contribute to late onset or progressive SNHL. This report
may help other institutions seeking to expand genetic SNHL test-
ing and/or develop their own in-house testing capabilities. We
view our results as an important step toward the broader goal of
contributing to a goal
congenital SNHL.

of universal genetic screening for
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