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abstractBACKGROUND: Currently, car seat tolerance screens (CSTSs) are recommended for all infants born
prematurely in the United States. Although many late-preterm infants are cared for exclusively
in newborn nurseries (NBNs), data on implementation of CSTS in nurseries are limited. Our
objective for this study was to determine management strategies and potential variation in
practice of CSTS in NBNs across the nation.

METHODS:We surveyed NBNs across 35 states using the Better Outcomes through Research for
Newborns (BORN) network to determine what percentage perform CSTSs, inclusion and
failure criteria, performance characteristics, follow-up of failed CSTSs including use of car
beds, and provider attitudes toward CSTS.

RESULTS: Of the 84 NBNs surveyed, 90.5% performed predischarge CSTSs. The most common
failure criteria were saturation ,90%, bradycardia ,80 beats per minute, and apnea .20
seconds. More than 55% noted hypotonia as an additional inclusion criterion for testing, and
.34% tested any infant who had ever required supplemental oxygen. After an initial failed
CSTS, .93% of NBNs retested in a car seat at a future time point, whereas only ∼1%
automatically discharged infants in a car bed. When asked which infants should undergo
predischarge CSTS, the most common recommendations by survey respondents included
infants with hypotonia (83%), airway malformations (78%), hemodynamically significant
congenital heart disease (63%), and prematurity (61%).

CONCLUSIONS: There is a large degree of variability in implementation of CSTS in NBNs across the
United States. Further guidance on screening practices and failure criteria is needed to inform
future practice and policy.

WHAT’S KNOWN ON THIS SUBJECT: Data on
implementation of car seat tolerance screens (CSTSs)
in newborn nurseries (NBNs) are limited. Identifying
similarities and differences in CSTS practice across
the nation in NBNs will help to inform consensus
guidelines and focus future research.

WHAT THIS STUDY ADDS: In a cross section of NBNs in
the United States, we found a large degree of
variability when it came to implementation of CSTS,
inclusion criteria, failure criteria, and follow-up after
an initial CSTS failure.
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The proper use of car safety seats
reduces fatal injury in motor vehicle
crashes by .70% for infants ,1 year
of age.1 However, several studies
have revealed that infants born
prematurely, low birth weight (BW),
and with certain comorbidities are at
risk for unstable cardiopulmonary
status when positioned in their car
seat.2–8 Given this risk, the American
Academy of Pediatrics (AAP)
currently recommends that infants
born prematurely be observed in
their car safety seat before discharge
to monitor for clinically significant
apnea, bradycardia, and oxygen
desaturation.9 Despite its widespread
use, the ability of this test, known as
the car seat tolerance screen (CSTS),
to identify infants at risk for adverse
events while in the semiupright car
seat position and demonstrate safety
for discharge remains unclear.10

Currently, the AAP recommends
screening all infants born ,37 weeks’
gestational age (GA) for a duration of
90 to 120 minutes (or the duration of
the ride home, whichever is longer)
and repeating a similar period of
observation for those infants
discharged in car beds (travel devices
that allow infants to lay flat).9

Additional guidelines for critical
elements of the test, including failure
criteria, test timing, and follow-up
after a failed CSTS, remain either
vague or nonexistent, leading to
significant variability across the
nation.11,12 In recent surveys of
NICUs in the United States, it was
found that the hemoglobin-oxygen
saturation (SpO2) constituting failure
ranged from ,80% to ,93%,
whereas the bradycardia definitions
ranged from ,70 to ,120 beats per
minute (bpm).11,12 This wide
variation means that an infant could
pass a CSTS at one site while failing at
another, based not on differences in
the infant, but on differences in the
failure criteria chosen at each
institution. The lack of guidance on
specific performance parameters also
makes studying the CSTS difficult

because variation in failure criteria
makes outcomes less generalizable
between institutions. Indeed, this
variability and lack of evidence of
benefit led the Canadian Paediatric
Society to recently rescind their
recommendation for routine CSTS.13

Although many late-preterm infants
are cared for exclusively in the
newborn nursery (NBN), data on
implementation of the CSTS in NBNs
remain even more limited. In one
study from 2003, the authors
evaluated performance of CSTS in
both NBNs and NICUs.14 Of the 18
NBN sites surveyed, only 22%
reported having any CSTS program.14

No contemporary studies have
specifically been focused on CSTS
implementation, performance, and
follow-up in NBNs. Surveying CSTS
protocols across the nation in both
NICUs and NBNs will help to evaluate
consistency of adherence to current
guidelines and focus future research
by identifying inconsistencies in CSTS
practices across the nation. Our
objective for this study was to
determine management strategies
and potential variation in practice
across NBNs surrounding use of
the CSTS.

METHODS

The study was performed through the
Better Outcomes through Research
for Newborns (BORN) network,
established by the Academic Pediatric
Association in 2010. At the time of the
survey, the network included 106
NBN sites at academic and
community medical centers across 35
states, with an annual birth rate of
.400000 infants. At each member
NBN, the main contact individual was
encouraged to forward the survey to
the staff member most
knowledgeable about CSTS protocols
in their nursery. The study was
determined to be exempt from human
subjects research review by the
Institutional Review Board at the
University of Maryland, Baltimore.

Survey data were collected and
managed by using Research
Electronic Data Capture system,
a secure Web-based platform for
survey design and database
management maintained at the
University of Maryland,
Baltimore.15,16 The survey was
adapted from a previous CSTS survey
published in 2013.11 Between
February 2019 and June 2019, an
e-mail link to the survey was sent to
the designated representative at each
BORN center, followed by up to 5
additional e-mail reminders. The
survey included questions about
location (state), academic affiliation,
average annual deliveries, and
whether the site routinely performed
a predischarge CSTS. For those sites
that did perform a CSTS, the survey
addressed inclusion and failure
criteria, duration, timing, location of
testing, follow-up of a failed CSTS,
and use of car beds. For those sites
that did not perform CSTS, reasons
for not performing the test were
explored in the survey. All site
respondents were also questioned
regarding their individual attitudes
related to CSTS, including its utility in
assessing discharge readiness,
optimal duration, and ideal inclusion
and failure criteria.

RESULTS

We received responses from 79.2%
(n = 84) of the BORN sites,
representing 35 states. The median
(interquartile range [IQR]) annual
delivery rate was 3100 (2200–4500)
infants, and 84.5% (n = 71) of sites
were academically affiliated.
Respondent training backgrounds
included 79.8% in pediatrics (n = 67),
17.8% in neonatology (n = 15), and
2.4% unknown (n = 2). When asked
about CSTS performance, 90.5%
(n = 76) responded that their site
did perform a predischarge CSTS,
whereas 9.5% (n = 8) did not. There
were no significant differences in
training background, academic
affiliation, or annual deliveries
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between the sites that did and did not
perform CSTS.

Inclusion Criteria

Of the 76 nurseries that performed
predischarge CSTS, 98.7% (n = 75)
considered birth GA as an inclusion
criterion. Of these, 98.7% (n = 74)
tested all infants born at ,37 weeks,
and 1.3% (n = 1) only tested those
born at ,35 weeks. Additionally,
81.6% (n = 62) included a minimum
BW in addition to birth GA. The most
common BW used was ,2.5 kg by
82.3% (n = 51) of those sites.

When asked about additional
inclusion criteria used to determine
eligibility for CSTS at their site, 7.6%
(n = 21) noted no additional factors,
although most nurseries did include
other diagnoses and comorbidities, as
shown in Table 1. Hypotonia, oxygen
requirement during admission,
and hemodynamically significant
congenital heart disease (CHD) were
the most common additional factors
considered in decisions to
perform CSTS.

CSTS Performance

Nurses were responsible for
performing the CSTS at all sites, but
several also noted the involvement of
additional staff (Table 1). Although
only 6% specifically noted
involvement of trained child
passenger safety technicians (CPSTs)
in performance of CSTS, 31.6% did
have CPSTs available to assist if
needed. Most had a staff member
position the infant in the car seat for
the CSTS, whereas ∼8% had the
parent or guardian do the positioning
while supervised by staff.

When it came to timing of the CSTS in
relation to the last feeding, 64.5%
(n = 49) did not specify timing, 25%
(n = 19) recommended waiting at
least 30 or 60 minutes after the last
feeding, 9.2% (n = 7) recommended
testing within 30 minutes of the last
feeding, and 1.3% (n = 1) noted they
test “between feeds.” Timing in
relation to discharge was not

specified by 78.9% (n = 60), whereas
the remaining 21.1% (n = 16)
recommended CSTS performance
within 12 hours of anticipated
discharge.

The majority of sites followed the
AAP guidelines to test between 90
and 120 minutes (Table 1). Forty-
eight sites specified a maximum
duration, with the most common
being 90 minutes, although the times
ranged from 30 minutes to 3 hours.
Maximum duration of testing was not
specified by 36.8% (n = 28), implying
that a CSTS is performed for the
entire duration of the car ride home,
even if .90 to 120 minutes.

Failure Criteria

Of those NBNs that perform CSTS, 74
(97.4%) reported on failure criteria
and follow-up of a failed CSTS. SpO2
constituting failure ranged widely
from ,85% to ,93%, with the most
common criterion being ,90%
(Table 2). The most common
minimum duration of desaturation
constituting failure of the CSTS was
.20 seconds but ranged from any
drop below the threshold to .60
seconds.

The minimum heart rate that
constituted failure due to bradycardia
varied from ,60 to ,100 bpm, with
,80 bpm used most commonly
(Table 2). Minimum duration also
varied from any drop below the
specified threshold to requiring .60
seconds of bradycardia. The most
common definition of apnea was
a breathing pause .20 seconds.

Follow-up of Failed CSTS

Sites were presented with the case of
an infant who failed an initial CSTS
but after removal from the car seat
was without distress and had
complete resolution of abnormal vital
signs. In this scenario, most sites
would plan to retest in a car seat at
a future point (93.2%; n = 69). Four
(5.4%) automatically admitted to
a higher level of care, and 1.4% (n =
1) automatically discharged in a car

bed. Whereas a majority of sites
(70.3%) considered alternative plans
for discharge after 2 failed CSTSs,
10.8% continued to repeat CSTS until
the infant passed (Table 3).

Use of Car Beds

When queried on the use of car beds
after a failed CSTS, 20.3% (n = 15)
never discharged in a car bed,
whereas 1.4% (n = 1) automatically
discharged in a car bed after 1 failed
CSTS (Table 3). Half of the nurseries
would consider car beds in the setting
of repeated failures but did not
routinely use them. For those
considering discharge in a car bed
(n = 59), more than half performed
a CSTS in the car bed, 30.5% would
discharge an infant in the car bed
without testing, and the remaining
15.3% noted that the decision was
provider dependent.

When it came to transitioning from
a car bed to a car seat, fewer than
one-third had the ability to schedule
follow-up appointments either in the
NBN, NICU, or specialty clinic for
repeat CSTS (Table 3). Primary care
physician (PCP) appointments were
the only follow-up in 67% of sites.
Most sites (67.8%) made no
recommendations for repeat testing
in a car seat to ensure safe transition
from a car bed, leaving the decision
up to the PCP. The remaining sites
used various criteria for retesting,
including weight, postmenstrual age
ranging from 40 to 44 weeks, and
timing after discharge (range of 2–6
weeks). One site did not recommend
repeating outpatient CSTS and
instead recommended transitioning
to a car seat once achieving 40 weeks’
postmenstrual age.

Reasons for Not Performing CSTS

For the 8 sites not performing CSTS, 7
noted that this was due to poor data
regarding utility and outcomes. Three
also noted a lack of staff and/or
resources to perform the test. Single
sites noted the following reasons: the
Canadian Paediatric Society
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statement,13 which rescinded
a recommendation for routine
predischarge CSTS; desire to not give
the family a false sense of safety from
a passed CSTS; and limited
availability of car beds, making
discharge plans inconsistent.

Provider Attitudes

Eighty-two site respondents
answered survey questions on their
attitudes regarding CSTS (Table 4).
When asked if the CSTS is a “good
way to assess cardiorespiratory
readiness for discharge in at-risk
newborns,” 39.2% of those who
performed CSTS felt it was, 45.1%
were unsure, and 25.7% felt it was
not, as did 100% of the sites that did
not perform routine CSTS (“no CSTS
group”). Survey respondents in the no
CSTS group did, however, recommend
predischarge CSTS on certain infants,
with half recommending testing
infants with hypotonia and/or those
with hemodynamically significant
CHD and more than half
recommending testing infants with
airway malformations. Overall, the
most common recommendations by
survey respondents (n = 82) for
performing CSTS included screening
infants with hypotonia (82.9%; n =
68), airway malformations (78%; n =
64), hemodynamically significant
CHD (63.4%; n = 52), and
prematurity (61%; n = 50).

Providers were asked, “At what SpO2
and for what duration would you
become clinically concerned enough
to continue monitoring and
potentially delay discharge?” in the
following scenario: “You are
observing an otherwise healthy 36-
week infant in the nursery who has
their pulse ox on after undergoing
a predischarge critical cyanotic heart
disease screen. The infant is supine in
a crib when you notice an oxygen
desaturation.” There was no
difference in the median SpO2 level
between the respondents from
programs that did versus those that
did not perform routine CSTS (89%

TABLE 1 CSTS Inclusion Criteria and Performance Characteristics

n (%)

Additional inclusion criteria
BW used
,2.5 kg 51 (67.1)
,5 lb 6 (7.9)
,2 kg 5 (6.6)
Not used 14 (18.4)

Other criteria
Hypotonia and/or neuromuscular disorder 42 (55.3)
Supplemental oxygen requirement 26 (34.2)
CHD 17 (22.4)
Trisomy 21 8 (10.5)
Cleft palate or micrognathia 7 (9.2)
Physician discretion 7 (9.2)
History of NICU admission for respiratory issues 4 (5.3)
Airway anomalies 3 (3.9)
History of apnea, bradycardia, and/or desaturation events 2 (2.6)
Small for GA or in utero growth restriction 2 (2.6)
Discharged with apnea monitor 2 (2.6)
Orthopedic issues (poor fit risk) 2 (2.6)
Neurologic abnormalities 1 (1.3)
Hydrocephalus 1 (1.3)
Maternal opiate exposure 1 (1.3)

CSTS performance
Location
Central location in NBN 62 (81.5)
Patient’s room 6 (7.9)
NICU 5 (6.6)
Either patient’s room or NBN 3 (3.9)

When performed
Day shift 2 (2.6)
Night shift 3 (3.9)
When convenient for staff 71 (93.4)

Staff performing CSTS
Nurse 76 (100)
Medical assistant 8 (9.5)
Child passenger safety tech 5 (6)
Physical and/or occupational therapist 1 (2.1)
Respiratory therapist 1 (2.1)

CPST available to assist
Yes 24 (31.6)
No 50 (65.8)
Unsure 2 (2.6)

Who places infant into car seat?
Trained staff 64 (84.2)
Parent or guardian 6 (7.9)
Either staff or parent or guardian 6 (7.9)

CSTS duration
Minimum duration
,60 min 2 (2.6)
60–89 min 9 (11.8)
90–120 min 63 (82.9)
Duration of car ride home 2 (2.6)

Maximum duration (n = 48)
30 min 1 (2.1)
60 min 2 (4.2)
90 min 21 (43.8)
2 h 15 (31.3)
2–3 h 1 (2.1)
2.5 h 1 (2.1)
3 h 4 (8.3)
Case-by-case basis 1 (2.1)
Physician discretion 1 (2.1)
Half the time to home 1 (2.1)
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vs 88%, respectively; P = .4). Overall,
the median duration of concern was
20 seconds (IQR 20–30) for the entire
cohort.

DISCUSSION

We performed a national survey of
NBNs via the BORN network to
determine management strategies
and potential variation in practice of
the CSTS. We found that .90% of
NBNs did perform a predischarge
CSTS and that the vast majority

follow AAP recommendations
for screening all infants born
prematurely and testing duration. As
with previous studies in NICUs, we
found wide variation in failure
criteria cutoffs for SpO2 and heart
rate. Most NBNs did repeat a CSTS
after an initial failure, but timing of
repeat testing varied. Although
discharge in a car bed after CSTS
failure was not common, we found
that almost half of NBNs did not
perform a similar period of
observation in a car bed before

discharge and that two-thirds of
NBNs discharge infants in car beds
with only PCP follow-up.

CSTS performance has been widely
implemented in US NICUs, with
96.5% performing a CSTS as of
2020.12 In our study, we found
a similar rate in NBNs (90.5%) across
35 states, which is a large increase
from the 22% reported in 2003.14

This is important information
because late-preterm infants are
often cared for in NBNs to avoid NICU
admissions, improve bonding, and
facilitate breastfeeding. The sites that
did not perform routine CSTS
identified the lack of data on utility as
the main driver. However, half
believed that infants with hypotonia
and those with hemodynamically
significant CHD should undergo
CSTS, whereas almost two-thirds
responded that infants with airway
malformations should undergo CSTS.
Clearly, the usefulness of the CSTS
remains unclear to clinicians, which
emphasizes the need for rigorous
study to determine which, if any,
patients would benefit from routine
screening.

Although there are no studies
evaluating CSTS results and sudden
unexplained infant death (SUID),
there are data linking car seat
position and SUID. In one recent
study of SUID with no other known
extrinsic risk factors (such as sleeping
prone, bed-sharing, soft bedding,
or having their head covered)
researchers found that 27% of
infants had been put to sleep in
a semiupright car seat or bouncy
seat.17 In another study evaluating
infant deaths in sitting devices,
researchers found that 63% occurred
in car seats.18 The association
between semiupright car seat
positioning and SUID is concerning
and requires further study. In a recent
study of CSTS in NICU patients,
researchers found that although
patients who failed had longer
lengths of stay, they also had
significantly decreased odds of

TABLE 2 CSTS Failure Criteria

n = 74,
n (%)

SpO2 failure criteria
,93% 4 (5.4)
,92% 2 (2.7)
,91% 1 (1.4)
,90% 45 (60.8)
,89% 1 (1.4)
,88% 8 (10.8)
,85% 10 (13.5)
Varies by birth GA 2 (2.7)
Not specified in policy 1 (1.4)

Desaturation duration
Any drop below threshold 12 (16.2)
.5 s 2 (2.7)
.10 s 14 (18.9)
.15 s 6 (8.1)
.20 s 28 (37.8)
.30 s 6 (8.1)
.60 s 1 (1.4)
Not specified 5 (6.8)

Bradycardia failure criteria
,100 bpm 6 (8.1)
,90 bpm 11 (14.9)
,80 bpm 48 (64.9)
,60 bpm 1 (1.3)
Not specified in policy 8 (10.8)

Bradycardia duration
Any drop below threshold 20 (27)
.5 s 3 (4.1)
.10 s 22 (29.7)
.15 s 5 (6.8)
.20 s 14 (18.9)
.30 s 1 (1.4)
.60 s 1 (1.4)
Not specified 8 (10.8)

Apnea definition
.20 s 62 (83.8)
.15 s 1 (1.3)
.10 s 2 (2.7)
Not specified 9 (12.2)

Additional failure definitions
Respiratory distress 25 (33.8)
Tachypnea 9 (12.2)
Cyanosis or color change 4 (5.4)
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readmission within 30 days.19 In
a study focused exclusively on NBN
infants who were automatically
admitted to the NICU for continuous
monitoring after one failed CSTS,
researchers found that 39% had
ongoing apneic events while supine.7

And in a study evaluating late-
preterm infants, researchers found
that 21% of those who failed .1
CSTS from the NBN ultimately

required NICU admission for
significant hypoxia and that two-
thirds subsequently required
supplemental oxygen for safe
discharge.20 It remains unclear
whether CSTS failure unnecessarily
prolongs inpatient admission or
properly identifies infants at risk for
unstable cardiorespiratory status
before discharge, thereby preventing
adverse postdischarge outcomes,

which is why more research is
needed.

The AAP and the Committee on Fetus
and Newborn both state that infants
are not safe for hospital discharge
until “physiologically mature and
stable cardiorespiratory function has
been documented for a sufficient
duration.”21,22 This must apply not
only while supine in a crib but also
while semiupright in a car seat.
However, in the absence of
standardized screening and failure
criteria, each institution has been left
to determine which vital signs are
clinically concerning for unstable
cardiorespiratory function, leading to
variation in CSTS practice. Since the
1980s, SpO2 constituting failure in the
literature has ranged from ,85% to
,95%.23 In 2 recent surveys of
NICUs, the SpO2 and duration
constituting failure ranged widely
from ,80% to ,93% and from any
drop below the threshold to requiring
.60 seconds, respectively.11,12

Similarly, we found that NBNs also
have a wide range of SpO2 failure
cutoffs, with values ranging from
,85% to ,93% and a similar
duration range.

One of the main barriers to
further research is the heterogeneity
of CSTS protocols in NICUs and
NBNs. Consensus on failure criteria
across the nation is important not
only to encourage standardization
of care but also to allow the
performance of large multicenter
trials to determine the utility of the
CSTS. This remains challenging
because data are limited on what
constitutes a safe lower SpO2 in
high-risk infants near the time of
discharge. Interestingly, a recent
review of CSTS literature,24 as well as
both the NICU surveys11,12 and our
NBN survey, revealed that the most
commonly used SpO2 failure cutoff
was ,90%. When providers in our
study were asked what SpO2 would
cause enough clinical concern to
potentially delay a discharge from the
NBN, the median value we found was

TABLE 3 Follow-up of a Failed CSTS and Use of Car Beds

n (%)

Follow-up of failed CSTS (n = 74)
Duration between repeat CSTS?
Not specified 3 (4.1)
Can repeat immediately 6 (8.1)
Minimum 6 h 14 (18.9)
Minimum 12 h 21 (28.4)
Minimum 24 h 1 (1.4)
Minimum 72 h 2 (2.7)
Minimum 7 d 22 (29.7)
Varies on the basis of how quickly infant failed CSTS 3 (4.1)
NICU team decides 2 (2.7)

How many repeat CSTSs before alternative discharge plans (NICU, car bed, etc)?
Do not repeat CSTS 4 (5.4)
After 2 failed CSTSs 52 (70.3)
After $3 failed CSTSs 10 (13.5)
Unlimited (repeat until pass) 8 (10.8)

Consideration of a sleep study for failed CSTS?
Never 68 (91.8)
After 2 failed CSTS 3 (4.1)
After $3 failed CSTS 3 (4.1)

Use of car beds at discharge
Policy for use of car beds after failed CSTS (n = 74)
Never discharge in car bed 15 (20.3)
Routinely used after 1 failed CSTS 1 (1.4)
Routinely used after $2 failed CSTSs 21 (28.4)
Occasionally use after repeated failed CSTSs 37 (50)

Are car bed tests performed? (n = 59)
Always 32 (54.2)
Never 18 (30.5)
Unsure or provider dependent 9 (15.3)

How do families obtain car beds? (n = 59)
Purchase on own 7 (11.8)
Available for purchase at hospital 6 (10.2)
Rental through hospital 27 (45.8)
Loaned (no cost) through hospital 19 (32.2)

What follow-up is established to transition back to a car seat? (n = 57)
PCP only 38 (66.7)
Subspecialist appointment made 3 (5.3)
Appointment in specialty clinic to repeat CSTS 10 (17.5)
Return to NICU or nursery to repeat CSTS 6 (10.5)

When is a repeat CSTS recommended after discharge? (n = 59)
Unsure or per the PCP 40 (67.8)
Repeat CSTS at specific chronological age 10 (16.9)
Repeat CSTS at specific corrected GA 4 (6.8)
Repeat CSTS at specific wt 2 (3.4)
Varies by patient 2 (3.4)
Transition at term without repeating CSTS 1 (1.7)
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89%. Because SpO2 ,90% is the most
commonly used criteria in the NICU
literature as well as in our NBN study,
this value could be used to
standardize CSTS failure criteria via
expert consensus. Early-preterm
infants with SpO2 target values ,90%
had increased inpatient mortality
compared with those with SpO2 target
values .90% during their
hospitalization,25 although it is
unclear how applicable these data are
to otherwise healthy late-preterm
infants in NBNs. However, there is
a precedent for using SpO2 ,90% as
a screening cutoff, namely in the
CCHD screen. When performing
routine critical CHD screens, the AAP
and American Heart Association

recommend that any infant found
to have SpO2 ,90% requires
a “comprehensive evaluation for
causes of hypoxemia.”26 Therefore,
applying this value to CSTS as
identifying unstable cardiorespiratory
status in the car seat seems
reasonable.

Less variation exists for the
definitions of clinically concerning
apnea and bradycardia. More than
83% of NBNs defined apnea as
a breathing pause lasting .20
seconds. The most common criterion
to define bradycardia was a heart rate
,80 bpm, used by 65% of NBNs in
our study and, similarly, by 70% of
NICUs.11

The AAP clinical report recommends
“interventions to reduce the
frequency of desaturation and
episodes of apnea and bradycardia”
when significant cardiorespiratory
events occur in the car seat.9

Examples include employing certified
CPSTs to optimize positioning, use
of car beds, supplemental oxygen,
continued hospitalization, and further
medical assessment. The AAP clinical
report states that infants with
cardiorespiratory events in the
semiupright position “should travel
in a supine or prone position in
an…approved car bed after an
observation period” similar to the
CSTS.9 We found that ∼5% of sites
routinely admit to a higher level of

TABLE 4 Provider Attitudes Regarding CSTS in NBN Patients

Perform Routine CSTS
(n = 74)

Do Not Perform Routine
CSTS (n = 8)

P

Is the CSTS a good way to assess cardiorespiratory readiness for discharge in at-risk infants? n
(%)

.0001

Yes 29 (39.2) 0
No 19 (25.7) 8 (100)
Unsure 26 (45.1) 0

Under what birth GA should neonates be screened with CSTS before discharge? n (%) ,.0001
N/A (should not be considered) 8 (10.8) 5 (62.5)
,37 wk 47 (63.5) 0
,36 wk 8 (10.8) 0
,35 wk 7 (9.5) 1 (12.5)
,34 wk 3 (4) 1 (12.5)
,33 wk 0 0
,32 wk 0 1 (12.5)
All neonates should be tested 1 (1.4) 0

Under what BW should neonates be screened with CSTS before discharge? n (%) .0089
N/A (should not be considered) 13 (17.6) 5 (62.5)
,2500 g 39 (52.7) 0
,2000 g 14 (18.9) 2 (25)
,1500 g 2 (2.7) 1 (12.5)
,5 lb 1 (1.4) 0
Unsure 5 (6.8) 0

Which infants should be screened with CSTS before discharge? n (%)
Hemodynamically significant CHD 48 (63.2) 4 (50) .4660
Hypotonia 64 (84.2) 4 (50) .0191
Hypertonia 7 (9.2) 0 .3700
In utero opiate exposure 9 (11.8) 0 .3030
Airway malformations 59 (77.6) 5 (62.5) .3392
Born at ,37 wk GA 50 (65.8) 0 .0003
Small for GA or in utero growth restriction 22 (29) 0 .0765
All infants 1 (1.3) 0 .7441
No infants 5 (6.6) 2 (25) .1312

Which SpO2 and for what duration would clinically concern you enough to continue monitoring
and potentially delay discharge in a 36-wk-old infant who is desaturating while supine? Median
(IQR)
SpO2 89% (85%–90%) 88% (83%–89.5%) .3979
Duration, s 20 (15–21) 55 (30–60) .0014

N/A, not applicable.
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care and that ∼1% routinely
discharge in a car bed after an initial
failed CSTS. Despite no specific
mention in the clinical report, we
found that the most common practice
in NBNs is to retest in a car seat at
a future point with the goal of
sending the infant home in a rear-
facing car seat in a semiupright
position. The avoidance of car beds
for discharge despite the AAP report
is likely due to multiple factors,
including greater complexity in their
use and the cost to families. In
addition, rear-facing car safety seats
have been more extensively crash
tested and therefore have better
documentation of protection than
car beds.27 Studies of preterm and
term infants have revealed similar
rates of desaturation and bradycardic
events in both devices,28–31 indicating
that car beds are not necessarily
a safer choice for all infants who fail
their initial CSTS, especially when
a car bed observation screen is not
routinely performed, as was the case
in ∼45% of NBNs surveyed. As
recommended by the AAP,9 if
discharge is planned in a car bed,
a similar period of observation (ie, car
bed screen) should be performed
given the risk of unstable
cardiorespiratory status in NBN
patients that has also been
demonstrated in car beds.32 Infants
for whom a car bed might be
beneficial will be better identified by
performing such a car bed screen. If
an infant is discharged in a car bed,
a plan should be established, by the
time of discharge, to evaluate the
infant’s safety for transitioning to
a rear-facing car seat. The PCP should
be contacted before discharge and
should be involved in all follow-up

planning. PCPs may not have
the resources to perform
a period of observation to assess
cardiorespiratory safety in the
outpatient setting, so leaving follow-
up decisions only to the PCP is not
always appropriate. Additional
consultations may be required
to safely transition to a rear-facing
car seat, such as performing
polysomnography or repeating
a CSTS in a specialty clinic.

Strengths of our study include the use
of the BORN network, which provided
a large, diverse, nationally
representative sample of NBNs. We
had a strong survey response rate
(79%), representing NBNs from 35
states, making these data widely
generalizable. We were able to obtain
data on CSTS practice as well as data
on newborn providers’ attitudes
toward CSTS performance. These data
will help identify focus areas for
future research on this controversial
topic. One limitation is that data were
based on survey response by an
assigned site representative rather
than direct observation of the written
CSTS protocol, so any differences
between the practice and survey
response could not be assessed. In
this survey, we did not address
whether the car seat used during the
CSTS was the same one used at
discharge or whether the sites had an
established policy in place for
education of caregivers regarding car
safety seat use,33 which would be
important for future studies. In
addition, data on providers’ attitudes
were based solely on the specific
respondent and were not necessarily
representative of all newborn
providers at their institution.

CONCLUSIONS

Although we found a large degree of
variability in implementation of CSTS
in a cross section of NBNs across the
United States, we observed trends
regarding screening practices and
failure criteria that can inform future
practice and policy. This variability
suggests the need for more specific
guidance by the AAP if the CSTS is to
be reproducible across sites, and to
help in understanding if this test is
clinically important in the detection
of cardiorespiratory instability in the
semiupright position in at-risk infants.
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