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Abstract

Objectives To assess whether adherence to institutional car seat tolerance screening (CSTS) guidelines differed for infants
born preterm (PTM), term low birth weight (T-LBW), or both preterm and low birth weight (P-LBW), and to examine the
association between CSTS adherence and patient characteristics.

Study Design Within two large academic and community hospitals, we retrospectively reviewed all infants meeting insti-
tutional criteria (<37 weeks’ gestation and/or <2.27 kg) for CSTS from 2014 to 2018. Multivariable logistic regression
evaluated the association of patient characteristics with institutional CSTS guideline adherence.

Results 4374 eligible infants were born PTM (50.9%), T-LBW (6.5%), or P-LBW (42.6%). Adherence rates were 92.7% in
the neonatal intensive care unit (NICU) and 95.2% in the well-baby nursery with initial CSTS failure rates of 6.1% and 9.9%,
respectively. Adherence was lowest among T-LBW (80.7%) compared to PTM (95.1%) or P-LBW (92.2%) infants in the
NICU (p<0.001) and well-baby nursery (81.6%, 96.7% and 97.1%, respectively, p <0.001). In bivariate analyses, gestational
age, birth weight, insurance, race, hospital type, discharge year, and preferred language were associated with adherence. In
fully-adjusted models, adherence was positively associated with lower gestational age, higher birth weight, non-Medicaid
insurance, and later discharge year (NICU) and lower gestational age and later discharge year (well-baby nursery).
Conclusions Adherence was lower for T-LBW than PTM or P-LBW infants, despite similar CSTS failure rates. Disparities
in adherence among Medicaid-insured patients in the NICU warrant further study. Future studies are needed to clarify the
benefit of CSTS and increase adherence in high-risk populations.
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findings underscore the need for clarification of national and
local CSTS guidelines and understanding of provider deci-
sion making with respect to car seat screening.

Introduction

The American Academy of Pediatrics (AAP) recommends
car seat tolerance screening (CSTS) to detect episodes of
apnea, bradycardia, or oxygen desaturations in premature
and/or low birth weight infants prior to initial hospital dis-
charge (Bull et al., 2009). In recent decades, CSTS has been
broadly implemented in well-baby nurseries and neonatal
intensive care units (NICUs) across the United States (US).
Standard processes for conducting a CSTS have not been
established (Williams & Martin, 2003). Initial CSTS recom-
mendations were based on the increased risk of hypoventila-
tion among preterm infants while in car seats (Willett et al.,
1986), but low birth weight infants have similar rates of fail-
ing CSTS (Bass, 2015; Davis, 2015; McLaurin-Jiang et al.,
2019). Among the 500,000 US-born infants that are preterm
and/or low birth weight each year (Martin et al., 2018), the
observed rate of CSTS failure ranges from 4 to 10% (Davis
et al., 2013; Jensen et al., 2018; Schutzman et al., 2013).
Given the different settings in which preterm and low
birth weight newborns receive care, CSTS adherence may
vary. For instance, a 2003 survey of 72 level 1 (well-baby),
2 (special care nursery), or 3 (NICU) nurseries found that
75% of the hospitals had instituted a CSTS program (Wil-
liams & Martin, 2003). However, adherence to the AAP
recommendations varied by level of nursery with only 19%
of well-baby nurseries compared to 78% of level 3 NICUs
conducting CSTS screening at that time (Williams & Mar-
tin, 2003). As rates of late preterm births increase in the US

(Huff et al., 2019), lower level nurseries may increasingly
care for late preterm and low birth weight infants.
Annually 2/3 of out of home sudden infant death syn-
drome is associated with car seat use (Liaw et al., 2019).
However, whether CSTS prevents morbidity associated
with car seat use among infants at-risk is unknown (Pilley
& McGuire, 2006). Recently, a national survey of well-baby
nurseries found wide variation in CSTS and in providers’
thoughts about the utility of CSTS (Davis & Cheo, 2020).
To our knowledge, no study has examined current rates of
adherence to CSTS policies in both well-baby nursery (level
1) and NICU settings (levels 2-5). Our primary aim was to
describe CSTS adherence by indication (preterm birth and/
or low birth rate). Our secondary aim was to evaluate infant
characteristics associated with CSTS adherence.

Methods

We conducted a retrospective review of electronic health
record (EHR) data extracted from a central data repository at
one academic and one community hospital in a single health
care system. Both hospitals have well-baby nurseries. The
NICUs are level 5 (academic hospital) and level 3 (com-
munity hospital). We included infants born alive who met
hospital criteria for CSTS and were discharged from either
hospital between April 5, 2014 (when Epic ® EHR was
implemented) and December 31, 2018 (Fig. 1). We excluded
infants who had a discharge status other than “home” or that
required tracheostomy or home ventilator as these infants
may undergo non-standard CSTS given need for additional
monitors or equipment.

A CSTS protocol has been in effect within this hospital
system for more than 10 years and was not altered dur-
ing the study period. The protocol was based on the AAP

Eligible Preterm and/or Low
Birth Weight Infants
(n =4574)

Included in Study
(n=3931)

Excluded from Study
(n =643)

| |

Term, Low Birth
Weight®

Preterm and Low
Birth Weight®

Preterm Only2
(n =2165)

(n=1488) (n=278)

Discharged to Neonatal demise Tracheostomy or
Outside Facility (n=172) Ventilator Dependency
(n=454) (n=17)

3Preterm defined as <37 completed weeks’ gestation. ®Low birth weight of <2.27kg (5 Ibs) was used for car seat tolerance screening at

this institution.

Fig. 1 Flow diagram of study population
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Recommendations for Safe Transportation of Preterm
and Low Birth Weight Newborns at Hospital Discharge
(Bull et al., 2009). All infants born <37 weeks gestation
(PTM) and/or <2.27 kg (LBW) were routinely screened
prior to discharge. Based on these eligibility criteria, three
groups of infants were identified: (1) preterm, appropriate
weight for gestational age (PTM), (2) preterm, low birth
weight (P-LBW), and (3) term, low birth weight (T-LBW)
infants. Although providers may choose to screen addi-
tional infants not meeting one of these criteria (e.g., term
infants with Trisomy 21 or congenital heart disease), for
this analysis, we focused only on infants specified in the
hospital policy.

CSTS is conducted by a trained registered nurse in either
the well nursery or NICU using the infant’s own car seat
within 24 h of expected hospital discharge. The infant’s heart
rate, respiratory rate, and oxygen saturations are measured
for 90 min or the duration of the car ride home from the
hospital (whichever is longer). A certified car seat techni-
cian with expertise in safe car seat installation is available to
assist as needed with optimal infant positioning.

The primary outcome was adherence to hospital CSTS
policy as defined by having met institutional criteria for
screening and receiving a screen (yes/no). All CSTS results
are logged by the infant’s nurse in a discrete data field within
the EHR. Results are documented as “pass” or “fail” and
verified by the physician prior to infant’s discharge.

Covariates were similarly extracted from discrete data
fields in the EHR. Race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic or Latino, Asian, Other/Unknown)
is typically completed by administrative staff upon maternal
admission. We used maternal race/ethnicity as infant race/
ethnicity was often undocumented. Infant sex (male/female),
gestational age (weeks), birth weight (kilograms), pregnancy
type (singleton/multiple gestation), hospital discharge unit
(NICU, well nursery, or pediatric floor), caffeine exposure,
substance exposure (to alcohol, cocaine, or opiates), Apgar
1 and 5 min, hospital type, discharge disposition (home with
self-care vs. transfer to acute care facility), and discharge
year were also extracted. To account for the incomplete data
in 2014, we examined the trend in adherence using quarter
of year as a continuous variable. There were 19 quarters over
the course of this study period.

Additional maternal covariates included insurance payor
(Medicaid, private, or other/unknown), maternal age, pre-
ferred language of mother (English or Spanish), mode of
delivery (vaginal or cesarean), and parity. Rates of missing
data were low (< 1%) for most variables other than insurance
payor (8.7%) and 1- and 5-min Apgar scores (2.2%). Only
individuals with complete data were utilized in the analyses.

We identified maternal and infant diagnoses (Supplemen-
tal Table 1) and medication exposures (caffeine) for which
we hypothesized associations with providers’ perception of

risk of apnea or bradycardia and thus might have influenced
their decision to conduct screening.

Statistical Analysis

In bivariate analyses, Chi-square or Fisher Exact tests (for
categorical variables and t-tests or Wilcoxon Rank sum tests
(for continuous variables) were used to determine the associ-
ation of patient characteristics with CSTS adherence. In mul-
tivariable logistic regression models to examine adherence
to CSTS policy, we included the following covariates chosen
a priori: race/ethnicity, gestational age, birth weight, sex,
Medicaid status, preferred language, hospital and discharge
year. Because of significant differences in the NICU and
well nursery populations, we stratified analyses by hospital
unit (Supplemental Table 2). We used StatalC version 15
(Stata Corp, College Station, TX) for all statistical analyses.
The University of North Carolina at Chapel Hill Institutional
Review Board approved this study which was performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

Results

Of the 4574 potentially eligible preterm and/or low birth
weight infants, 643 were excluded because of discharge to an
outside facility, tracheostomy and/or ventilator dependency,
or not surviving to discharge (Fig. 1). The final sample com-
prised 3931 infants born to 3756 mothers over the 4.75 years
study period.

Infants were born preterm (PTM, 55.1%), both preterm
and low birth weight (P-LBW, 34.0%), or term and low birth
weight (T-LBW, 7.1%). Adherence rates were 92.7% in the
NICU and 95.2% in the well-baby nursery with initial CSTS
failure rates of 6.1% and 9.9%, respectively (Table 1). Babies
who were transferred to and subsequently discharged from
the pediatric floor had the lowest adherence rates (Table 1).
Adherence was higher among infants at the community hos-
pital compared to the academic hospital (96.1% vs. 91.4%,
p<0.001).

NIiCU

In bivariate analysis, the mean maternal age was higher
among infants undergoing CSTS compared to unscreened
infants (31.2+5.9 vs. 29.9+6.0 years, p=0.014). Adher-
ence was lowest among T-LBW (80.7%) compared to PTM
(95.1%) or P-LBW (92.2%) infants, p<0.001. Adherence
varied by race/ethnicity with greater adherence among non-
Hispanic White and Asian mothers compared to non-His-
panic Black, Hispanic, or unknown race/ethnicity (Table 2).
Males were more likely to undergo CSTS (93.9% vs. 91.2%,
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Table 1 Baseline characteristics

: e Overall distribution Screened Not screened p-value
of.mf.ants meeting institutional N=3931 (100.0) N=3860(93.6) N=251 (6.4)
criteria for car seat tolerance
screening (April 2014— Reason for inclusion <0.001
December 2018) Preterm only® 2165 (55.1) 2074 (95.8) 91 (4.2)
Preterm and low birth weightb 1488 (34.0) 1381 (92.8) 107 (7.2)
Term and low birth weight 278 (7.1) 225 (80.9) 53 (19.1)
Maternal factors
Age (in years) 0.530
15-19 108 (2.8) 98 (90.7) 10 (9.3)
20-24 484 (12.3) 446(92.2) 28 (7.9)
25-29 1012 (25.8) 950 (93.9) 62 (6.1)
30-34 1284 (32.7) 1203 (93.7) 81 (6.3)
35-39 779 (19.8) 733 (94.1) 46 (5.9)
40+ 262 (6.7) 248 (94.7) 14 (5.3)
Parity 0.230
0 1683 (45.4) 1583 (94.1) 100 (5.9)
>1 2024 (54.6) 1884 (93.1) 140 (6.9)
Mode of delivery 0.226
Vaginal 1971 (50.3) 1854 (94.1) 117 (5.9)
Cesarean 1947 (49.7) 1813 (93.1) 134 (6.9)
Pregnancy type
Singleton 3412 (89.9) 3169 (92.9) 243 (7.1) 0.898
Multiple® 342 (9.1) 317 (92.7) 25(7.3)
Preeclampsia 0.569
No preeclampsia 1715 (87.7) 1591 (92.8) 124 (7.2)
Preeclampsia 241 (12.3) 226 (93.8) 15(6.2)
Language preference 0.171
English 3574 (92.8) 3351 (93.8) 223 (6.2)
Spanish 276 (7.2) 253 (91.7) 23 (8.3)
Maternal insurance type <0.001
Medicaid 1130 (30.4) 1032 (91.3) 142 (5.5)
Private/other 2586 (69.6) 2444 (94.5) 98 (8.7)
Newborn factors
Gestational age (weeks) <0.001
<32 weeks 459 (11.8) 424 (92.4) 35 (7.6)
32-33 weeks 409 (10.5) 384(93.9) 25 (6.1)
34-36 weeks 2785 (71.3) 2647 (95.0) 138 (5.0)
37-38 weeks 233 (6.0) 188 (80.7) 45 (19.3)
>39 weeks 20 (0.5) 14 (70.0) 6 (30.0)
Birth weight (g) <0.001
<1250 267 (6.9) 238 (89.1) 29 (10.9)
1251-1750 351 (9.0) 327 (93.2) 24 (6.8)
1751-2250 1139 (29.3) 1035 (90.9) 104 (9.1)
2251-2750 1275 (32.8) 1231 (96.6) 44 (3.4)
>2751 856 (22.0) 808 (94.4) 48 (5.6)
Sex 0.292
Female 1851 (47.1) 1623 (87.7) 228 (12.3)
Male 2079 (52.9) 1844 (88.7) 235 (11.3)
Race/ethnicity <0.001
White, non-Hispanic 2142 (54.5) 1906 (89.6) 236 (9.4)
Black, non-Hispanic 884 (22.5) 750 (84.8) 57 (15.2)
Hispanic or Latinx 514 (13.1) 453 (88.2) 61 (11.8)
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Table 1 (continued)

Overall distribution Screened Not screened p-value
N=3931 (100.0) N=3860(93.6) N=251(6.4)
Asian or Asian American 161 (4.1) 154 (95.5) 7 (4.5)
Unknown and/or other 227 (5.8) 193 (84.9) 35 (15.1)
Discharge unit <0.001
Well nursery 2012 (51.4) 1916 (95.2) 96 (4.8)
NICU or special care nursery 1811 (46.2) 1679 (92.7) 132 (7.3)
Pediatric floor 95 (2.4) 77 (81.1) 18 (18.9)
Apnea of newborn 0.717
Yes 672 (17.1) 627 (93.3) 45 (6.7)
No 3259 (82.9) 3053 (93.7) 206 (6.3)
Caffeine exposure <0.001
Yes 518 (13.2) 484 (93.4) 34 (6.6)
No 3413(86.8) 3196 (93.6) 217 (6.4)
Substance exposure 0.101
Yes 84 (2.1) 75 (89.3) 9 (10.7)
No 3847 (97.9) 3605 (93.7) 242 (6.3)
Hospital type <0.001
Academic 2076 (52.8) 1898 (91.4) 178 (8.6)
Community 1855 (47.2) 1782 (96.1) 72 (3.9)
Year <0.001
2014 484 (12.4) 430 (88.8) 54 (11.2)
2015 868 (22.2) 800 (92.2) 68 (7.8)
2016 873 (22.4) 817 (93.6) 56 (6.4)
2017 846 (21.7) 819 (96.8) 27 (3.2)
2018 835(21.4) 814 (97.5) 21 (2.5)

Data presented are number (percent) or mean + standard deviation unless otherwise specified. Bold values

represent significance at p<0.05

“Preterm defined as gestational age <37 completed weeks

PLow birth weight criteria at this institution was <2.27 kg

“Multiple gestation totals were based on unique maternal identification numbers such that no mother was

counted more than once

p=0.28). The academic NICU had lower adherence than the
community NICU (89.8% vs. 97.0%, p <0.001). Adherence
significantly increased from 2014 to 2018 (uOR 1.06, 95%
CI 1.02, 1.10, Fig. 2).

In the fully-adjusted multivariable model (Table 3),
a 1 kg increase in birth weight was associated with 2.05
greater odds of adherence (95% CI 1.45, 2.90). Discharge
from the community hospital was associated with higher
adherence (aOR 6.22, 95% CI 4.17, 9.30) while Medicaid
insurance was associated with lower adherence (0.62, 95%
CI10.48, 0.80).

Nursery

In bivariate analysis, there was no difference in mean
maternal age between infants by adherence. T-LBW infants
had lower CSTS adherence rates than PTM or P-LBW
infants (81.6% vs. 96.7% and 97.1%, p <0.001). Screened
infants had a lower mean gestational age (36.8+ 1.1 vs.

36.2+0.78 weeks, p<0.001). Compared to infants who
were > 2.25 kg, infants <2.25 kg had lower rates of adher-
ence (Table 2). Adherence significantly increased each year
from 2014 to 2018 (unadjusted OR 1.06, 95% CI 1.02, 1.10,
Fig. 2).

In the fully adjusted multivariable model (Table 3), later
study quarter was associated with higher adherence (aOR
1.74,95% C1 1.09, 2.79).

Analysis of Academic vs. Community NICU

In both hospitals, adherence was lower among T-LBW
infants than PTM or P-LBW infants, and adherence was
inversely associated with gestational age (Supplemental
Table 2). At the academic hospital, adherence was lower
among infants with Medicaid insurance compared to non-
Medicaid insurance (87.4% vs. 91.8%, p=0.020) and later
study quarter was associated with higher adherence (unad-
justed OR 1.06,95% 1.02, 1.11). At the community hospital,
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Tal?le 2 Bivariate .as.sociaFions NICU Nursery
of infant characteristics with 1679 (92.2) N=1916 (95.2)
adherence to car seat tolerance
screening in the NICU and Screened p-value Screened p-value
nursery (April 2014—-December
2018) Inclusion reason <0.001 <0.001
Preterm only* 539 (95.1) 1483 (96.7)
Preterm and low birth weight 1094 (92.2) 264 (97.1)
Term and low birth weightb 46 (80.7) 169 (81.6)
Maternal factors
Age (years) 0.242 0.779
15-19 42 (91.3) 47 (94.0)
20-24 219 (89.8) 214 (96.0)
25-29 425 (92.6) 503 (96.2)
30-34 551 (92.5) 629 (95.0)
35-39 328 (94.5) 392 (94.2)
40+ 114 (95.8) 129 (94.9)
Parity 0.113 0.792
0 756 (93.8) 790 (95.0)
>1 829 (91.8) 1015 (95.2)
Mode of delivery 0.302 0.717
Vaginal 725 (93.4) 1076 (95.1)
Cesarean 1063 (92.2) 830 (95.4)
Pregnancy type 0.773 0.689
Singleton 1462 (92.1) 1704 (94.7)
Multiple gestation® 184 (92.9) 179 (95.2)
Preeclampsia 0.728 0.297
No preeclampsia 752 (91.5) 779 (95.1)
Preeclampsia 115 (90.6) 109 (97.3)
Language preference 0.024 0.928
English 1555 (93.1) 1726 (95.2)
Spanish 97 (87.4) 144 (95.4)
Maternal insurance <0.001 0.850
Medicaid 487 (89.0) 508 (95.0)
Private/other 1105 (94.5) 1298 (95.2)
Newborn factors
Gestational age (weeks) 0.003 <0.001
<32 419 (92.9) -
32-33 376 (93.8) -
34-36 838 (92.9) 1746 (96.8)
37-38 34 (77.3) 144 (81.8)
>39 - 13 (68.4)
Birth weight (g) 0.068 <0.001
<1250 235 (90.0) -
1251-1750 320 (93.0) -
1751-2250 582 (91.5) 427 (90.9)
2251-2750 366 (95.3) 833 (97.4)
>2751 140 (94.6) 649 (95.4)
Sex 0.028 0.632
Female 750 (91.2) 930 (95.0)
Male 929 (93.9) 986 (95.5)
Race/ethnicity 0.006 0.529
Non-Hispanic White 939 (94.3) 1036 (95.7)
Non-Hispanic Black 384 (90.1) 385 (93.9)
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Table 2 (continued) NICU

Nursery
1679 (92.2) N=1916 (95.2)
Screened p-value Screened p-value
Hispanic or Latino 194 (89.0) 261 (95.3)
Asian or Asian American 51(98.1) 109 (97.3)
Unknown and/or other 92 (92.9) 110 (95.3)
Apnea of newborn 0.148
Yes 601 (93.9) -
No 1078 (92.1) -
Caffeine exposure 0.236
Yes 475 (93.9) -
No 1204 (92.3) -
Substance exposure 0.971 0.291
Yes 39 (92.9) 22 (100.0)
No 1640 (92.7) 1897 (95.2)
Hospital type <0.001 0.494
Academic 968 (89.8) 850 (94.9)
Community 711 (97.0) 1066 (95.5)
Year 0.005 <0.001
2014 206 (89.2) 215 (90.0)
2015 381 (93.4) 418 (91.9)
2016 368 (93.2) 431 (95.0)
2017 387 (95.8) 415 (98.1)
2018 337 (96.0) 437 (99.1)

Bold values represent significance at p <0.05

Data presented are number (percent) or mean + standard deviation unless otherwise specified
*Preterm defined as gestational age <37 completed weeks

®Low birth weight criteria was <2.27 kg

“Multiple gestation totals were based on unique maternal identification numbers such that no mother was
counted more than once

—indicates cell size <5

Fig.2 Adherence to car seat tol- Adherence to Car Seat Tolerance Screening in NICU and Nursery

erance screening in NICU and by Quarter, 2014-2018
nursery by quarter, 2014-2018

—e—Nursery  ---- NICU

100%
98%
96%
94%
92%
90%
88%
86%

84% L 1 1 1 1
2014 2015 2016 2017 2018

Study Period (in Quarters)

*p-value is based on unadjusted logistic regression models examining relationship oftime (quarter) to adherence ”

1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
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Table 3 Adjusted odds ratio (aOR) of car seat tolerance screening
adherence by patient characteristics in NICU and well nursery loca-
tions

NICU Well nursery
aOR (95% CI) aOR (95% CI)
Hospital type
Academic Reference Reference
Community 4.12 (2.21, 7.68)***  1.20 (0.73, 1.96)
Race/ethnicity

Referent

0.72 (0.41, 1.28)
0.91 (0.34, 2.40)
3.84 (0.84, 17.59)
0.77 (0.29, 2.07)
0.42 (0.33, 0.55)*:*

Reference

0.62 (0.37, 1.02)
0.92 (0.37,2.26)
1.49 (0.20, 11.28)
1.05 (0.36, 3.10)
0.84 (0.76, 0.94)

White, non-Hispanic
Black, non-Hispanic
Hispanic or Latino
Asian
Other/unknown
Gestational age

Birth weight (kg) 1.82 (1.08, 3.10)***  1.08 (0.64, 1.82)
Female 0.83 (0.54, 1.28) 0.93 (0.59, 1.46)
Medicaid 0.55 (0.34, 0.87)***  1.35(0.76, 2.40)
Prefer Spanish 0.93 (0.33, 2.66) 0.97 (0.29, 3.25)

Discharge year 130 (L11, 1.52)%%%  1.83 (1.52, 2.21)%**

Bold values represent significance at p <0.05
*rkp <0.001

infants with a history of apnea or caffeine exposure had
greater adherence (Supplemental Table 2).

Discussion

While several retrospective studies have described infant
predictors of CSTS failure, this is the first to examine clini-
cal factors associated with adherence to institutional CSTS
policies. In all hospital units and settings, adherence to
CSTS was lowest among term, low birth weight infants
compared to preterm infants regardless of weight category.
Lower adherence to CSTS policies among term and low
birth weight infants is a novel finding. Previous literature
suggests that term and low birth weight infants have similar
likelihood of CSTS failure as their preterm counterpoints
(Bass, 2015; Davis, 2015; McLaurin-Jiang et al., 2019). This
is likely due to decreased muscle tone, greater susceptibility
to airway obstruction while seated semi-upright, and small
size which complicates positioning in car seat.

However, since the AAP’s first policy statement on CSTS
in 1991, routine screening for T-LBW infants was not spe-
cifically mentioned until the 2009 policy update (Bull et al.,
2009). The most recent AAP Policy Statement on Safe
Transportation of Newborns references low birth weight
as < 2.5 kg which is the cutoff for CSTS used by approxi-
mately 50% of level 2 and 3 nurseries surveyed (Bull et al.,
2009; Davis et al., 2013). Comparatively, the criteria used at
this institution are more restrictive (cut-off <2.3 kg) which

@ Springer

might identify higher-risk infants with higher rates of adher-
ence. As this is the first study to examine CSTS adherence in
this manner, we are unable to assess how adherence in this
study may generalize to other institutions with more sensi-
tive weight eligibility criteria.

To what extent US hospitals have implemented and
routinely conducted CSTS among T-LBW infants is not
known. Our findings that T-LBW infants had lower adher-
ence despite explicit inclusion in the CSTS guidelines within
this institution is important given that some institutions may
not have a written policy for CSTS of term infants. Given
that many standard car seats have a weight minimum of 5
Ibs (2.27 kg), beyond detecting significant cardiorespiratory
events, routine CSTS for T-LBW infants has the added bene-
fit of ensuring that caregivers are using a weight-appropriate
car seat and are able to appropriately position their children
in the car seat prior to discharge.

Although the same CSTS policy was in place across
nursery and NICU settings, we suspect there are unit level
differences in practice that contribute to variance in adher-
ence. The NICU, by design, cares for infants with greater
medical complexity than those cared for in the nursery. It is
possible that infants in the NICU undergo additional obser-
vation or medical management that may influence providers’
decisions to complete pre-discharge CSTS. Within the aca-
demic nursery setting, the EHR provides prompts/reminders
to complete CSTS prior to discharge as it is an element of
the admission order set for all preterm infants, which likely
improves adherence. However, a similar prompt is not pro-
vided for LBW infants, so for this group, CSTS adherence
depends more heavily on the medical team to recall that
CSTS screening is warranted.

Further analyses supported differences in the acuity of
patients cared for at the academic vs. community NICU
(e.g., lower gestational age, birth weight, longer length of
stay). We excluded patients undergoing tracheostomy or with
ventilator dependency to eliminate patients who did not war-
rant CSTS due to presumed discharge home on continuous
monitoring. As a referral center, the academic NICU also
transfers some infants back to referring centers which is
often done prior to CSTS. Although we accounted for this in
our analysis, there may be other unidentified factors unique
to the academic setting that were not evaluated in this study.
In the community NICU, a history of apnea or caffeine use
strongly predicted CSTS adherence.

Although the hospitals in this study are within the same
health care system and a 50-mile geographic radius, important
sociodemographic differences were noted between the aca-
demic and community NICU. The academic NICU cared for
a higher percentage of patients with Medicaid (44% vs 15%).
Unexpectedly, we found a lower rate of CSTS adherence for
Medicaid patients in the academic setting which persisted after
controlling for relevant factors including race, gestational age,
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birth weight. Furthermore, CSTS adherence among non-His-
panic Black infants was lower than other racial/ethnic groups.
While our study lacked the sufficient power to examine racial/
ethnic variation in CSTS, it is possible that racial and socio-
economic characteristics influence implementation of CSTS.

Implicit bias may also impact provider non-adherence. A
2019 systematic review found that racial inequities in NICU
care exist at all levels (structure, process, outcome) and
correspond with worse patient outcomes (Sigurdson et al.,
2019). Indeed racial inequities in breastfeeding rates have
been associated with level of adherence to the Baby Friendly
Hospital Initiative, an initiative by the World Health Organ-
ization and UNICEF to improve support of breastfeeding
during newborn hospitalization (Merewood et al., 2019).
Because these racial and socioeconomic differences were
only seen in one setting at one hospital, it is difficult to
generalize these findings or understand the implications.
However, the magnitude of differences in adherence within
this population warrants prompt attention and evaluation for
quality improvement to better understand risks and benefits
of CSTS, and subsequently standardize CSTS in this setting.

Non-adherence to institutional clinical guidelines may
occur for multiple reasons including provider knowledge,
attitude, and behavior; characteristics of the guidelines, health
care systems, and implementation strategies (Arts, et al.,
2016; Cabana et al., 1999; Gurses et al., 2010); or contrain-
dications or patient preference (Arts et al., 2016). In the case
of CSTS, we do not suspect patient preference factors largely
into adherence. Only one infant documented parents declin-
ing screening during this study period. Alternatively, when
comparing premature Black infants to non-Black infants of
the same gestational age, the Black infants are known to have
improved respiratory outcomes (Jensen et al., 2018; Loftin
et al., 2012; MacDorman & Gregory, 2015; McLaurin-Jiang
et al., 2019). In addition, small epidemiologic studies have
reported lower risk of CSTS failure among Black infants
(Jensen et al., 2018; McLaurin-Jiang et al., 2019). This alter-
native explanation may lead providers to perceive a decreased
risk of car seat associated morbidity for Black compared to
non-Black infants and thereby intentionally offer screening
less. However, currently recommendations for CSTS do not
vary based on infant race and/or ethnicity, and it is important
to note that Black infants are at higher risk of dying from
SIDS and other sleep related deaths (Mathews & Macdor-
man, 2006). A cross-sectional study involving four academic
pediatric clinics found that Black, non-Hispanic caregivers
had higher odds of non-adherence to car seat safety (AOR
2.4,95% CI 1.3, 4.4) and sleeping safety (AOR 2.1, 95% CI
1.3, 3.2) (Heerman et al. n.d.). The CSTS is potentially an
important opportunity to engage parents in specific education
related to car seat safety and highlight the risk of improper car
seat use on their infant’s health. It is unknown whether receipt
of CSTS and associated parental education influences child

outcomes or parental behaviors with safe use of car seats and
infant sleep practices.

Perhaps supported by increasing awareness of populations
at risk for failure, the number of CSTS completed annu-
ally has increased within this health care system (McLau-
rin-Jiang et al., 2019). We found increasing adherence to
CSTS in both NICU and nursery settings which could be
largely contributing to the increasing use of CSTS. With
increased screening, there is greater risk for false positive
results or unintended harms which have, to our knowledge,
not been systematically defined in the setting of CSTS. Addi-
tional studies are needed to examine the benefits of CSTS
in preterm and T-LBW infants (such as reductions in Brief
Resolved Unexplained Events, Sudden Infant Death Syn-
drome, readmissions, and neurodevelopmental delays).

One limitation of this study is the cross-sectional study
design which limits the ability to determine the directional-
ity of relationships between infant factors and adherence.
Second, although this study is strengthened by automatic
(instead of manual) extraction of EHR data and consist-
ent documentation of CSTS throughout the study period,
we lacked information on providers’ rationale or decision-
making that could influence guideline adherence. Third,
since guidelines may differ at other institutions, the external
validity may be limited. Finally, although demographic and
institutional cultural differences exist between the academic
and community settings, external validity of this study is
enhanced by including two large hospitals with differing
socioeconomic demographics and medical acuity.

Although low birth weight term infants have CSTS failure
rates similar to preterm infants, adherence to CSTS for these
infants is significantly lower in both well-baby nurseries
and NICUs. This study further illuminates socioeconomic
disparities in adherence to clinical practice guidelines for
the most vulnerable infants in the NICU. Such disparities
require multicomponent interventions including implicit bias
training for clinicians. Our findings also have implications
for optimizing and standardizing CSTS processes. Future
studies aiming to clarify the benefit of CSTS are needed to
ensure appropriate adherence in high-risk populations.
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