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BACKGROUND: Rapid next-generation sequencing (NGS) offers the potential to shorten the diagnostic process and improve the
care of acutely ill children. The goal of this study was to report our findings, including benefits and limitations, of a targeted NGS
panel and rapid genome sequencing (rGS) in neonatal and pediatric acute clinical care settings.
METHODS: Retrospective analysis of patient characteristics, diagnostic yields, turnaround time, and changes in management for
infants and children receiving either RapSeq, a targeted NGS panel for 4500+ genes, or rGS, at the University of Utah Hospital and
Primary Children’s Hospital, from 2015 to 2020.
RESULTS: Over a 5-year period, 142 probands underwent rapid NGS: 66 received RapSeq and 76 rGS. Overall diagnostic yield was
39%. In the majority of diagnostic cases, there were one or more changes in clinical care management. Of note, 7% of diagnoses
identified by rGS would not have been identified by RapSeq.
CONCLUSIONS: Our results indicate that rapid NGS impacts acute pediatric care in real-life clinical settings. Although affected by
patient selection criteria, diagnostic yields were similar to those from clinical trial settings. Future studies are needed to determine
relative advantages, including cost, turnaround time, and benefits for patients, of each approach in specific clinical circumstances.
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IMPACT:

● The use of comprehensive Mendelian gene panels and genome sequencing in the clinical setting allows for early diagnosis of
patients in neonatal, pediatric, and cardiac intensive care units and impactful change in management.

● Diagnoses led to significant changes in management for several patients in lower acuity inpatient units supporting further
exploration of the utility of rapid sequencing in these settings.

● This study reviews the limitations of comparing sequencing platforms in the clinical setting and the variables that should be
considered in evaluating diagnostic rates across studies.

INTRODUCTION
Genetic disorders are a leading contributor to the morbidity and
mortality of acutely ill neonates and children cared for in
neonatal, cardiac, and pediatric intensive care units (NICUs,
CICUs, and PICUs, respectively).1–3 Initially, genome-wide sequen-
cing technologies had limited applicability to the care of critically
ill children due to turnaround times (TATs) of weeks to months.4,5

However, in the past several years the introduction of rapid
testing using next-generation sequencing (NGS) technologies,
including targeted gene panels, exome sequencing (ES), and
rapid genome sequencing (rGS), has been demonstrated to

expedite diagnostic processes and improve the care of critically ill
children.2,3,6–12.
Currently, targeted gene panels, ES, and rGS, can provide

information on the majority of known disease-causing genes, with
results in 1–2 weeks or less. The major differences between tests
are in depth and the ability to detect different variant types.13 GS
provides the most comprehensive investigation of variant type
detecting intronic, mitochondrial, and copy number variants
(CNVs) not captured by targeted panels or ES.13 Although not
offered on all commercial platforms, GS, can be validated to detect
repeat expansions and structural variants. Targeted gene panels
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may not include all genes of interest such as those with newly
discovered or evolving disease associations. Cost is currently
correlated with genome coverage, with targeted panels being the
least expensive, followed by ES and GS.
Due to high costs, interpretation complexity, and limited

access to rGS, targeted gene panels have gained interest as
lower-cost alternatives.12 Additionally, while rGS has been used
in controlled trial settings, limited studies have evaluated how
TATs and diagnostic yields would reflect broader clinical use.14

Our goal was to understand the performance, benefits, and
limitations of targeted gene panel and rGS in a “real world”
clinical setting. We reviewed two technologies: a rapid targeted
gene panel with 4500+ disease‐causing genes (Rapid Mendelian
Genes Sequencing Panel, RapSeq)11,15 and rGS. Testing was
performed and results were evaluated for infants and children in
the NICU, CICU, and PICU at the University of Utah and Primary
Children’s Hospital from 2015 to 2020. The two platforms were
used in standard clinical care without strict inclusion/exclusion
criteria. Here we summarize our observations with these
approaches, including diagnostic rates, TAT, and changes in
management.

METHODS
Subjects and study design
The analysis and publication of data related to this program were
approved by the Institutional Review Boards at the University of Utah and
Primary Children’s Hospital with a waiver of consent and authorization.
Informed consent for the clinical testing was obtained for all patients from
at least one parent.
A retrospective data collection and analysis was completed for the

period of October 2015–October 2020. RapSeq was performed at the
University of Utah Level III and Primary Children’s Hospital (PCH) Level IV
NICU from October 2015 to March 2017 at which time testing expanded to
include the PCH PICU, CICU, and several regional level III NICUs. rGS was
initiated at PCH in August 2019.
Patients were referred for testing by their providers, typically a

neonatologist, pediatric intensivist, geneticist, or pediatric subspecialist.
Referrals for RapSeq were reviewed by the referring intensivist and the
laboratory genetic counseling team. Referrals for rGS were reviewed by a
team of neonatologists, geneticists, genetic counselors, and other sub-
specialists as needed.
There were no specific inclusion and exclusion criteria for either test.

General guidelines were first, suspicion for a genetic condition such as
multiple congenital anomalies, a single congenital anomaly with additional
dysmorphic features concerning genetic etiology, epileptic encephalo-
pathy, unexplained severe hypotonia, arthrogryposis, and unexplained
acute course. Phenotypes typically not considered appropriate for testing
included isolated congenital anomalies, associations or sequences with low
monogenic yield (e.g., VACTERL association, isolated Pierre Robin
sequence), a high suspicion for aneuploidy or phenotypically distinct
CNVs (e.g., del22q11.2), and patients with immediate impending demise.
Clinical requirements at the onset of testing in 2015 were restricted to
acutely ill NICU patients including those with any of the following:
respiratory and/or cardiovascular failure, encephalopathy, profound
hypotonia, complex brain malformations, severe metabolic disturbance,
or multiple congenital anomalies (without a known syndrome), unusually
severe or prolonged disease, or multi‐system organ failure. Testing was
later expanded to the CICU and PICU in 2016. After initiation of rGS, testing
was also offered in lower acuity units, including the infant, neurology, and
cardiac medical units.
Descriptive statistics were used to summarize demographic information,

diagnostic rates, TAT, and change in management for rGS and RapSeq. The
impact on patient clinical management was evaluated through retro-
spective chart review for all diagnostic cases. Identified management
changes were required to be documented in the medical record as
contingent on the genetic diagnosis in order to be counted. Care plan
changes were divided into nine “Change in Patient Management”
categories, and two additional “Family Counseling” categories focused
on whether the diagnosis impacted education on the developmental
trajectory or recurrence risk.

Variant data is routinely submitted to ClinVar by both reporting
laboratories and therefore was not independently uploaded as part of
this study.

Clinical test methods and reporting for RapSeq and rGS
RapSeq. RapSeq was performed at ARUP Laboratories, Salt Lake City, UT
using a human, nuclear, inherited disease panel with biotinylated DNA
probes initially designed to target all known 4503 disease‐causing genes
and expanded in 2018 to include over 4900 genes. Detailed methods for
DNA extraction, sequencing, and variant annotation have been pub-
lished.11 RapSeq interpretation focused on pathogenic variants or variants
of uncertain significance in genes potentially causative for the patient’s
clinical phenotype. Pathogenic variants were confirmed by Sanger
sequencing. Initially, RapSeq used a two-staged result reporting system,
with preliminary and final reports; diagnostic variants with high confidence
calls were received in a preliminary report, with subsequent orthogonal
testing confirmation received in the final report. In November of 2018,
RapSeq discontinued the use of preliminary reporting due to clinician
concern, only returning results after orthogonal testing confirmation. The
need for orthogonal confirmation prior to reporting was re-evaluated at
the time of rGS implementation and the use of a preliminary report
was determined to be appropriate in the setting of acute care.

Rapid GS. The rGS was performed at Rady Children’s Institute for
Genomic Medicine using previously described methods.3,14 PCR-free
library preparation was performed, and sequencing was conducted on
the NovaSeq6000 systems using S1 or S2 flow cells. Genome sequences
were aligned to human genome assembly GRCh37 (hg19), and sequence
variants were identified with the DRAGEN Platform (Illumina).
Sequence variants were filtered to retain those with allele frequencies of

<0.5% in the gnomAD database and classified according to the American
College of Medical Genetics and Genomics/Association of Molecular
Pathology guidelines. CNVs were identified with Manta and CNVnator and
filtered to retain those coding regions of 8000 known disease genes with
allele frequencies <2% in the Rady Children’s Institute of Genomic
Medicine database. Starting in June 2020, CNV calling was performed using
the DRAGEN Platform, and filters were expanded to include all known
consensus coding sequence genes. Nucleotide and CNVs were auto-
matically annotated and ranked using Opal Clinical (Fabric Genomics). If a
provisional diagnosis was made, it was immediately conveyed to the
providers by phone. Reported variants were confirmed by Sanger
sequencing or multiplex ligation-dependent probe amplification (MLPA).

RESULTS
Over a 5-year period, there were a total of 142 probands who
received rapid NGS with 66 receiving RapSeq and 76 receiving rGS
(Table 1). All RapSeq cases were enrolled prior to August 2019 at
which time rGS became available at PCH. The majority were
completed as parent–child trios in both the RapSeq (65 of 66,
99%) and rGS groups (70 of 76, 92%). Admission data were
available from PCH NICU; approximately 11% (50/469 patients) of
neonates admitted to the NICU received rGS testing from 2019 to
2020 and approximately 2% (41/1736 patients) of admitted
neonates received RapSeq from 2015 to 2019.

Patient characteristics and enrollment locations
Patient demographic and applicable clinical information is
summarized in Table 1. Sex and ethnicity were similar, with the
majority of patients being male and white of European ancestry. A
higher proportion of patients receiving RapSeq were admitted as
neonates and ascertained in the NICU as compared to rGS. For
patients admitted as neonates, the average age when RapSeq or
rGS was ordered was 19 days of age, whereas the average age for
testing infants and children was more varied.

Diagnostic rates
In total, across both groups, the diagnostic rate was 39% (56 of
142 cases): 46% for RapSeq and 34% for rGS. Diagnoses were
made by identification of pathogenic or likely pathogenic variants
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as classified by the reporting laboratory and/or identification of a
highly suspicious variant of uncertain significance determined to
be disease-causing by the clinician following correlation with
patient’s presentation. All variants that had confirmatory Sanger
sequencing or MLPA were concordant with NGS panel or GS
interpretation. Of the diagnostic results, 59% were established as
de novo variants through trio sequencing. There were two rGS
cases that identified variants in genes that lacked a well-
established gene-disease association but were felt to provide a
possible explanation for the patient’s phenotype; these were
classified as suspected diagnostic but were not counted in the
diagnostic rate. “Minor partial diagnoses” were identified in 2
(2.6%) cases by rGS and 1 (1.5%) case by RapSeq (Supplementary
Table 1). Cases were considered minor partial diagnoses if they
explained part of the presentation, such as in one case the
identification of variants that explained congenital hypothyroid-
ism but did not explain the primary reason (congenital diaphrag-
matic hernia, echogenicity of renal cortex, moderate multifocal
white matter injury) for referral to sequencing. Secondary findings
are also reported in both groups (Table 2).
We evaluated the impact of patient and testing characteristics

on diagnostic yield, including age at admittance and the hospital/
unit location (Table 2). The impact of gestational age and birth
weight on diagnosis was evaluated for the neonatal groups.
Across both groups, 1 of 10 patients (10%) born before 32 weeks
had a positive diagnosis compared to 19 of 29 (66%) born
between 32 and 37 weeks, and 18 of 39 (46%) patients with a
gestational age >37 weeks. Of those neonates born at the low
birth weight (<2500 g), 15 of 41 (37%) had a positive diagnosis
compared to 23 of 47 (49%) with a birth weight >2500 g. Five of
the 76 patients (7%) had diagnostic or medically actionable
secondary findings identified on rGS that would not be expected
to be found by RapSeq (Supplementary Table 1). These included
CNVs (n= 2), mtDNA variants (n= 2) that are considered
medically actionable incidental findings, and a suspected diag-
nostic case that had a novel disease gene that was not included
on the RapSeq panel (n= 1). We did not have access to exon-level
coverage data to determine the likelihood that specific variants in
either group would be missed due to unpredicted technical
limitations.

Laboratory TAT
The day to the initial report from the laboratory to the clinician
ranged from 2-38 days, with an average laboratory TAT to the first

Table 1. Patient demographics and group characteristics.

RapSeq rGS

Gender, N (%)

Male 38 (58) 38 (50)

Female 28 (42) 37 (49)

Unknown 0 (0) 1 (1)

Race/ethnicity, N (%)

Caucasian 48 (73) 56 (74)

American Indian or
Alaska Native

1 (2) 2 (3)

Native Hawaiian or
Pacific Island

1 (2) 2 (3)

Black of African American 3 (5) 2 (3)

Asian 3 (5) 3 (4)

Multiple 0 (0.0) 2 (3)

Declined or unavailable 10 (15) 9 (12)

Group characteristics, N (%)

Age at admittance

Neonates (≤28 days) 44 (67) 44 (58)

Infants and children
(>28 days)

22 (33) 32 (42)

Unit

NICU 50 (76) 37 (49)

PICU 4 (6) 10 (13)

CICU 11 (17) 12 (16)

IMSU/MedSurg/other 1 (2) 17 (22)

GA (neonates only)

<32 weeks 4 (9) 6 (14)

32–37 weeks 25 (57) 14 (32)

>37 weeks 15 (34) 24 (55)

Birth weight (neonates only)

<2500 g 21 (48) 20 (46)

>2500 g 23 (52) 24 (55)

Discharged (non-deceased)
prior to ROR

15 (23) 25 (33)

Deceased prior to ROR 8 (12) 4 (5)

Deceased during
hospitalization

17 (26) 11 (15)

Test ordering and return of results, mean days (range)

Neonates

DOL test initiated 19 (0–171) 19 (1–145)

DOS test initiated 15 (0–171) 14 (0–138)

DOL resulteda 39 (11–182) 29 (7–153)

DOS resultedb 33 (10–182) 26 (5–146)

DOL at discharge 73 (0–212) 66 (5–210)

Length of hospital
stay (all)

57 days (0–212) 58 days (0–203)

Infants and children

DOL test initiated 541 (60–3712) 1221 (32–5621)

DOS test initiated 20 (0–144) 10 (0–97)

DOL resulteda 567 (69–374) 1230 (37–5628)

DOS resultedb 39 (12–158) 24 (5–103)

DOL at discharge 601 (61–3716) 1327 (43–5631)

Length of hospital
stay (all)

67 days (3–303) 43 days (2–161)

DOL day of life, DOS day of service, ROR return of results.
aFor patients still living at the time of the initial report.
bFor patients still admitted at the time of the initial report.

Table 2. Diagnostic rates and turnaround time (TAT) for RapSeq
and rGS.

RapSeq rGS Total

Diagnostic rate, N (%)

All patients 30/66 (46) 26/76 (34) 56/142 (39)

Age at admission <28 days 23/44 (52) 15/44 (32) 38/88 (43)

Age at admission >28 days 7/22 (32) 11/32 (34) 18/54 (32)

Hospital unit—NICU 23/50 (46) 9/37 (24) 32/87 (37)

Hospital unit—CICU 1/4 (25) 4/10 (40) 5/14 (36)

Hospital unit—PICU 5/11 (46) 6/12 (50) 11/23 (48)

Hospital unit—Other 1/1 (100) 7/17 (41) 8/18 (44)

Incidental findings (all
patients)

1/66 (2) 3/76 (4) 4/142 (3)

Turn around time, mean days (range)

TAT to first report 15 (5–38) 10 (2–21) —

TAT to first report
(positives)

14 (4–26) 4 (1–16) —

TAT to final report 17 (8–37) 11 (4–27) —
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report of 10 days for rGS and 15 days for RapSeq. In both groups,
TAT in positive (diagnostic) cases was shorter (Table 2). Laboratory
TAT was calculated based on laboratory reported sample receipt
date and sample report date; this did not include shipping times
or other factors such as delays in sample collection.

Impact on clinical care management and family counseling
The majority of diagnostic cases (75%) had one or more clinical
management changes documented (Table 3), without a signifi-
cant difference between the rWGS (77%) and RapSeq (73%)
groups. Of those patients living at the time of the return of
results, 81% had a documented change in management. The
most common changes in management included new specialist
referrals and initiation of imaging screening. A new medication
therapy was recommended in 13% of RapSeq diagnostic cases
and 27% of rGS diagnostic cases. Recommendations for the
avoidance of medication, diet, or exposure were made in 10% of
RapSeq diagnostic cases and 15% of rGS diagnostic cases.
Recommendations for the avoidance of a procedure were made
in 7% of RapSeq diagnostic cases and 12% of rGS diagnostic
cases. Additionally, results significantly impacted genetic counsel-
ing; all families with diagnostic results received recurrence risk
counseling and the majority of families (73% of RapSeq and 54%
of rGS) received prognostic information regarding developmental
trajectory.

DISCUSSION
We have found that NGS technologies perform well in pediatric
and neonatal intensive care unit settings, with diagnostic yields
and changes in clinical management similar to clinical trials. Using
a targeted gene panel (RapSeq) or rGS, the diagnostic yield was
39% overall (rGS 34% and RapSeq 46%), which is similar to
previously published studies for NGS panels, ES, and GS in
neonatal and pediatric intensive care populations.3,8–10,12,16–18 Of
those patients with a diagnostic variant reported, 75% had at least
one resulting change in clinical management documented.
Although not formally tracked, we observed that these tests were
well accepted by families with high participation rates.
In this report, as well as in previous clinical studies, inclusion

criteria are likely a major contributor to differences in diagnostic
rates. We found that more strict selection criteria for RapSeq, as
compared to rGS, were associated with higher diagnostic yields.
We performed rGS for 76 patients in 13 months (August 2019-
October 2020), compared to 66 patients over nearly four years
with RapSeq. Admission data at PCH show that over 14 months
approximately 11% (50/469 patients) of neonates admitted to the

NICU received rGS testing. In contrast, in 44 months approximately
2% (41/1736 patients) of admitted neonates received RapSeq.
Consistent with these findings, criteria for RapSeq were initially
stricter and patient acuity and the suspicion of a monogenic
etiology was highly weighted in the decision to offer testing. A
higher percentage of RapSeq patients passed away prior to the
return of results (12% in RapSeq, 5% in rGS) and during the
admittance that testing was sent (26% in RapSeq, 15% in rGS),
indicators that the RapSeq group may be enriched for complex
and acute cases. Over time, RapSeq and subsequently rGS, were
offered more liberally and to a wider spectrum of patients,
including outside of the NICU setting. The age and unit during
enrollment differed between the two groups, with RapSeq having
a higher number of neonates and NICU patients (Table 2).
It is estimated that 10–25% of neonates in the NICU have an

underlying genetic etiology3,19–21 and it follows that restricting
genetic sequencing to those with characteristics most suspicious
for an underlying genetic etiology would enrich diagnostic rates.
Correspondingly, the NSIGHT2 study, which enrolled approxi-
mately 17% of NICU admissions over a 467-day period, showed a
diagnostic rate across all patients of 23%, lower than several
previous NICU sequencing studies with more restrictive enroll-
ment criteria.3 Given the diversity of disease presentation seen in
the inpatient setting, developing detailed inclusion and exclusion
criteria for comparative analysis is a challenge. Reporting the
percent of total admittances enrolled is an informative albeit
imperfect metric for evaluating variance in diagnostic rates across
studies. Wide-spread implementation of these platforms will
require further analysis of the relative benefit of these technol-
ogies across age groups, acuity level, and phenotypes. Of note, the
NSIGHT2 study randomized patients to rapid ES and GS groups,
without a statistically significant difference in diagnostic
yield seen.
Of particular interest within the NICU group is our observation

that neonates born before 32 weeks showed a comparatively low
diagnostic rate (10%). Given the comorbidities of prematurity,
evaluating this group of neonates for underlying health conditions
is particularly challenging. Further studies are needed to under-
stand how to effectively implement genomic sequencing in these
most premature infants, for example, whether different clinical
characteristics in more premature infants are associated with
improved diagnostic yields.
Within the PICU group, the robust diagnostic rate for both

platforms (Table 2) is consistent with previous observation17 and
further supports the growing recognition of the value of these
tools in the evaluation of infant and childhood-onset acute
disease. Additionally, rGS was utilized in 17 cases in lower acuity
units (e.g., medical, neurologic, and cardiac units) with a
remarkable diagnostic rate of 42% and several notable cases of
change in prognosis and management. Further studies are
needed to determine best practices for use of these tools in
lower acuity but still medically vulnerable patients that could
benefit from comprehensive and expediated genetic evaluation.
Given the shortcomings of comparing diagnostic yields across

different studies, the impact of limiting sequencing to select
genes in this population is not yet fully appreciated. In our cohort,
5 of the 76 patients (7%) had medically informative variants
identified on rGS that would not be identified on the RapSeq
panel, whereas, there were no variants identified through RapSeq
that would be suspected to be missed on a rGS platform. This is
based on the predicted performance of each platform to detect
variant type but does not consider exon-level coverage or other
unpredicted technical limitations. In the GEMINI study, where both
GS and a 1722 gene panel are concurrently completed for acutely
ill neonates, 67% of patients with a reportable variant had
discordant results, defined as the two laboratories not identifying
the same variant or reporting the same variant but with different
classifications. 56% of discordant results were due to technical

Table 3. Impact on care plan for patients with diagnostic results.

Category RapSeq, N (%) rWGS, N (%)

Medication therapy initiated 4 (13) 7 (27)

Dietary therapy initiated 2 (7) 5 (19)

Medication, diet, or exposure
avoided

3 (10) 4 (15)

New specialist referral initiated 15 (50) 15 (58)

Procedure avoided 2 (7) 3 (12)

Early GT/trach 3 (10) 2 (8)

Imaging screening initiated 10 (33) 7 (27)

Laboratory work screening
initiated

6 (20) 6 (23)

Directed palliative care plan 4 (13) 3 (12)

Informed developmental trajectory 22 (73) 14 (54)

Informed recurrence risk
counseling

30 (100) 26 (100)
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limitations of the gene panel, including missed aneuploidies,
CNVs, excluded genes, or genes with limited coverage.12 Our
observations affirm that in practice, more diagnoses may be
missed by targeted gene panels than GS, even with the use of a
more comprehensive targeted gene panel (4900+ genes).
Differences in variant reporting methods used by laboratories

likely also contribute to variability in diagnostic rates. Variant
reporting discrepancies between laboratories is a well-established
issue, with discordance in classification between qualified
genomic laboratory analysts ranging from 12 to 71%.22–26 In the
GEMINI study, differences in variant interpretation were the
second most common cause of discordant results, with 41% (21/
51) of discordant results attributed to this.12 Additionally, previous
studies of ES and GS have shown that hospital-based laboratories
have increased diagnostic rates and decreased false-positive rates
in comparison to reference laboratories.27,28 The two laboratories
involved in our study, ARUP Laboratories and Rady Children’s
Institute for Genomic Medicine, are hospital-based laboratories
associated with academic institutions, and both comprehensively
evaluate medical records in order to complete a phenotypic-
driven analysis. ARUP Laboratories, a University of Utah affiliated
lab, integrated routine communication with the clinicians into the
analysis process to optimize the resolution of complex questions
and elicit additional phenotypic data. Without a study model
where patients are tested using both platforms, as with the
GEMINI study, it is difficult to fully appreciate the possible impact
of variant reporting on diagnostic rates.
The diagnostic results in our cohorts led to numerous changes

in clinical management in both testing groups (Table 3),
consistent with previous observations.11,29,30 This includes initia-
tion of medical and dietary therapies, avoidance of contra-
indicated exposures, and initiation of care to evaluate for
associated risks, including initiation of imaging and laboratory
work screening and referral to specialists. In several cases,
providers documented that identified diagnoses directly resulted
in the avoidance of significant procedures, including cardiac
transplant, neurosurgical intervention, and lung and muscle
biopsies. Studies have demonstrated improved patient outcomes
and cost value with rapid diagnosis,17,29,30 and initial evidence
suggests that shorter TAT, in the matter of days to weeks instead
of months, further increases this effect.3,11,17 Further, there are
some conditions, such as treatable metabolic and seizure
disorders, for which diagnosis in the 2–3 days following onset
are important for improved outcomes compared to diagnosis at
1–2 weeks. Additional studies are planned to evaluate the impact
of rapid diagnosis and observed changes in management on
patient outcomes and healthcare costs in our cohorts.
As the use of NGS technologies continues to expand, better

understanding the benefits and limitations of the different
platforms will be imperative for cost-effective widespread adop-
tion. With the diagnostic rate of 39%, based on the current
contracted list prices of RapSeq ($4500) and rGS ($12,500) trios,
the cost per diagnosis in the RapSeq group and rGS group would
be $11,538 and $32,051, respectively. The option for a lower-cost
test might be valuable in low-resource settings, especially if the
alternative is no testing at all. Lower cost approaches could
facilitate the equitable implementation of NGS testing. However,
cost considerations also need to factor in the cost of missed
diagnoses; cost of delayed diagnosis for sequential testing;
provider and family perception of a complete diagnostic workup;
and long-term costs (such as continued ES or GS testing if a prior
panel test was uninformative).
Future work will need to further delineate optimal strategies for

clinical use of NGS, while taking into account patient as well as
test characteristics. These studies should include evaluation of
diagnostic yields across different presentations; the short- and
long-term costs and cost-effectiveness; the effects of diagnosis on
providers, patients, and families; and testing in socioeconomically

and racially diverse patient cohorts. In summary, our findings
demonstrate that real-world use of NGS in pediatric settings is
similar to clinical studies, with diagnostic rates of 39% and impacts
on patient management.
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