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Abstract

Background: In Portugal, there is a Guideline of the Directorate General
of Health that requires that newborns with hospital discharge should be
transported home in a proper and safe restraint system, aligned with AAP
policy statements. In the Neonatal Intensive Care Unit (NICU) of Centro
Hospitalar Universitário de S. João (Porto, Portugal), the Car Seat Challenge
Test has been carried out since 2005, and there is not any study about its
safety.
Objective: This study aims to report the responses of preterm infants
discharged home in 2015 and to develop a standardized procedure for its
performance.
Methods: This is a descriptive, retrospective, observational, nonexperimental study. Data was collected from the NICU nursing records with
a form designed for this purpose. Study variables were: gender, gestational
age, birth weight, and comorbidities. Saturation of oxygen in arterial blood
(SpO2) and heart rate (HR) values were measured at rest (in the crib), in the
car seat chair at time 0, 5, 15, 30, 45 and 60 minutes.
Results: During the year 2015, 86 preterm infants were discharged home,
and all had values of SpO2 and HR within the reference range for this age
group, during the Car Seat Challenge Test. The values decrease slightly
from the measurement at 15 minutes for both SpO2 and HR. Infants with and
without comorbidities had similar values of SpO2 (97-99.5%) and HR (135155 beats per minute [bpm]), with a small decrease at 15 minutes. Infants
with comorbidities did not regain saturation values after 30 minutes.
Conclusion: The Car Seat Challenge Test has been performed
systematically in the NICU since 2005. Data analyzed demonstrated it is
safe. A standardized procedure was developed to provide harmonization of
criteria.
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Introduction

In Portugal, there has been a Guideline of the
Directorate General of Health since 2010 that
requires that newborns with hospital discharge
should be transported home in a proper and
safe restraint system, whether they are healthy
newborns, preterm infants or infants with special
needs [1].
This requirement aligns with American
Academy of Pediatrics (AAP) policy statements,
published in 1990, to be implemented before
hospital discharge of the newborns, so that each
newborn leaves the hospital in an appropriate
restraint system suitable to maturity and
health condition. This policy included health
professional’s education and parental education
for restraint systems proper use in the car [2].
These policies were refined in 1991 based
on studies that showed oxygen desaturation in
preterm infants in the seated position. Standards
were then published, advising a period of
observation of these newborns in the restraint
system before hospital discharge [3]. This
procedure in the Anglo-Saxon literature has been
named as “Infant Car Seat Challenge – ICSC” or
“Car Seat Challenge Test”.
In 1996 the same committee extended the
recommendations concerning hospital discharge
to infants with low birth weight (BW) [4]. The
recommendations on the observation period were
updated in 1999. This period of observation of the
newborn in the restraint system before discharge
should have a duration of at least 90 to 120 minutes
or the duration of the trip home if longer [5].
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Consensus about criteria for discontinuing
the Car Seat Challenge Test has not been
achieved. In a study by DeGrazia, in 2007, the
criteria considered for discontinuing the test are:
apnea longer than 20 seconds, more than two
consecutive episodes of tachypnea (respiratory
rate > 70 cycles per minute) associated with
saturation of oxygen in arterial blood (SpO2)
< 93%, bradycardia below 80 beats per minute
(bpm) without spontaneous recovery, SpO2 <
93% without spontaneous recovery, or other signs
and symptoms of respiratory distress. The author
considers spontaneous recovery the increased of
the heart rate (HR) and the oxygen saturation in
10 seconds, without the intervention of health
professionals [6].
Davis et al. in 2013 proposed as failure criteria
bradycardia (80 bpm) for a period longer than 10
seconds and SpO2 < 90% for a period longer than
10 seconds [7]. In 2014, Davis et al. added other
criteria as apnea ≥ 20 seconds and the observation
of breathing difficulties as failures criteria in the
test [8].
In 2007, the Portuguese Society of Pediatrics
published recommendations about newborn trans
portation in the car, which includes premature
infants positioning in the restraint system, and
their monitoring for 60 minutes, 1 week before
hospital discharge [9].
The Car Seat Challenge Test is not free of
controversy. For example, due to the inconsistency
of data and scarcity of evidence, the Canadian
Paediatric Society [10] does not recommend
routine Car Seat Challenge Test before discharge
for preterm infants. They recommend that parents
should be counseled regarding safe car seat use
and be able to demonstrate appropriate technique
and practice – preferably using their car seat –
before their infant is discharged from the hospital.
In the Neonatal Intensive Care Unit (NICU),
of Centro Hospitalar Universitário de S. João
(CHUSJ), Porto, Portugal, the test is carried out
the day before discharge. The Car Seat Challenge
Test began in 2005, in partnership with a NonGovernmental Organization dedicated to the
Promotion of Child Security (APSI – Associação
para a Promoção da Segurança Infantil). This
association provided restraint systems (car seats)
legally approved, although there have been
records of this test only from 2007.
In the bibliographic search performed so far,
we are not aware of any published study on this
test in Portugal.
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The lack of precise criteria related to the values
and duration of bradycardia and desaturation is one
of the gaps in this test procedure in our practice,
which will be improved with this study. We aim to
develop a standardized procedure for the Car Seat
Challenge Test that can be evaluated in the NICU
of CHUSJ and later implemented as Guideline at
national level.
The data was collected from the record sheets of
the NICU and the clinical information system with a
form designed for this purpose. The study variables
were: gender, GA, BW, oxygen saturation, HR and
comorbidity. The values of the SpO2 and HR were
obtained from the measurements recorded at rest
(in the crib), in the car seat chair at 0, 5, 15, 30, 45
and 60 minutes. GA was expressed in full weeks,
and the weight was expressed in grams (g).
The data was extracted to a Microsoft® Excel®
spreadsheet, and the data processing was carried
out using the program SPSS® v.22.

The aims of this study are: i) to report the
historical aspects of the Car Seat Challenge Test
in the NICU of CHUSJ (Porto, Portugal); ii) to
analyze the behavior of preterm infants submitted
to the Car Seat Challenge Test in 2015, according
to the parameters recorded (values of SpO2 and
HR) and its relationship with the BW, gestational
age (GA) and comorbidity; and iii) to develop a
standardized procedure for performing Car Seat
Challenge Test in the NICU.
Materials and methods

This is a descriptive, retrospective, obser
vational, non-experimental, study whose data was
obtained from the records of the Car Seat Challenge
Test existing in the NICU of CHUSJ, since 2007.
This unit was one of the first Neonatal Units in
Portugal, established in 1983, within a University
Hospital, having a total of 17 cribs with 9 intensive
care beds. It is a level 3 unit, a reference center for
congenital heart disease (CHD) (for the North of
Portugal) and also a NIDCAP training center [11].
In this NICU, the test is performed for 60
minutes, whenever possible in the own infant
restraint system, or the restraint system of the
NICU, in its absence. Our restraint systems have 3
point harness and 45-degree angle of the seat and
are approved by ECE R44/03 European norm. This
test is performed on all newborns before discharge
from the hospital, regardless of their diagnosis
on admission, particularly preterm infants, term
newborns with cardiac disease and surgical
disorders.
During the test, the HR and SpO2 of the newborn
are monitored and recorded using monitors Philips
Intellivue MP30 Neonatal and Hewlett Packard –
Omnicare 24 Neonatal Viridea 24. The presence
of bradycardia and SpO2 < 95% is considered
fail regardless of the duration of bradycardia and
desaturation. The respiratory frequency (RF) has
been monitored during the test but not recorded so
far. The records do not allow to identify the number
of times the infant failed the test and the repetitions.

Ethical considerations

The study was approved by the Ethics
Commission of the CHUSJ, and the International
recommendations for Biomedical research were
followed. There were not registered names of
infants, or any other kind of identification. All
records, manuscripts or electronic, were kept in
a locked cabinet in the NICU, to which only the
researchers had access.
Results

The Car Seat Challenge Test in the NICU
of CHUSJ began in 2005, but there has been
documentation only since 2007. Tab. 1 shows the
flow of patients from 2007 till 2015, evidencing
that about 400 infants per year were hospitalized
in the NICU. About 50% of these infants were
discharged directly home; however, there is a
discrepancy between the tests conducted and the
number of discharges for the household. This
discrepancy probably was due to loss of records

Table 1. Patient flow in the NICU of CHUSJ, 2007-2015.
Year

2007

2008

2009

2010

2011

2012

2013

2014

2015
391

Total in-patients

400

367

407

421

446

384

445

372

Deceased patients

21

15

19

14

16

19

18

13

17

Transferred to other units

206

197

242

230

245

130

195

140

184

Discharged home

174

155

146

179

186

232

232

218

193

Car Seat Challenge Test performed

92

124

135

157

105

157

163

146

153
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since they were written on paper and not digitally.
In 2011, the informatics nursing records began, but
the Car Seat Challenge Test records remained on
paper. Data will be analyzed in detail for the year
2015 because this was the most recent completed
year at the beginning of this study.
In 2015, 153 Car Seat Challenge Tests were
performed, among which 86 were preterm infants
(44% female and 56% male). The GA of these
infants age was between 26 and 36 weeks with
more than 50% above 33 weeks as shown in Fig.
1. BW ranged between 660 g and 3,015 g (Fig. 2).
At discharge, the average age was 37 weeks, and
the average weight was 2,288 g.
All preterm infants submitted to the Car Seat
Challenge Test had normal values of HR and SpO2
during the test, although we verified that from 15
minutes both values decreased slightly (Fig. 3
and Fig. 4). Two of the infants were dependent
on oxygen, administered by nasal cannula (< 0.25
liters/min).
Out of the 86 preterm infants analyzed, 57%
have comorbidities such as surgical and cardiac
conditions. Two of the infants had the presence
of neurological morbidity. The HR behavior was
similar to those who had not comorbidities, with a
small decrease at 15 minutes. The SpO2 behavior

was slightly different, noting that after 30 minutes
preterm infants with comorbidity did not regain
saturation values (Fig. 5 and Fig. 6).
Discussion

The Car Seat Challenge Test consists in a period
of observation of newborns in the transportation
restraint system before hospital discharge because
there is evidence of oxygen desaturation in preterm
infants in the upright position as the AAP [3, 4]
policies recommend and later research studies [6,
7] demonstrated. In this study, data was recorded
for the preterm infants that were admitted to the
NICU during the year 2015.
The test duration of 60 minutes is due to the
Portuguese Society of Pediatrics’ recommendations
[9] and the fact that most distances from hospital
to household do not exceed this time. Portugal
is a small country, rectangle-shaped, with about
90,000 square kilometers and 45 public Neonatal
Units [12].
There is a scarcity of studies about the Car Seat
Challenge Test, and they show a diversity of test
duration [13]. In a survey conducted in 2012, in
New York/New England [7], of the 89 institutions
with current Car Seat Challenge Test policies,

Figure 1. Gestational age (GA) of preterm newborns hospitalized in the NICU of CHUSJ and discharged home in 2015.
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Figure 2. Birth weight (BW) of preterm newborns hospitalized in the NICU of CHUSJ and discharged home in 2015.

Figure 3. Infant Car Seat Challenge Test, heart rate (HR) patterns.
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Figure 4. Infant Car Seat Challenge Test, saturation of oxygen in arterial blood (SpO2) patterns.

Figure 5. Infant Car Seat Challenge Test, heart rate (HR) comparison: preterm infants without and with comorbidity.
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Figure 6. Infant Car Seat Challenge Test, saturation of oxygen in arterial blood (SpO2) comparison: preterm infants without
and with comorbidity.

only 55% had tests that lasted a minimum of 90
minutes, consistent with the AAP guidelines. In
this study, 39% tested for less than 89 minutes and
5 institutions tested for only the duration of the car
ride home.
One of the limitations of our study is the
absence of criteria for failure. This NICU lacked
precise criteria related to the values and duration
of bradycardia, desaturation or occurrence of
apnea [6, 7]. The RF has been monitored during
the test but not recorded so far. The records do not
allow identifying the number of times the infant
failed the test and the repetitions. These are some
gaps in this test procedure in our practice, which
will be improved with this study.
In the records analyzed, in the 86 Car Seat
Challenge Tests performed in preterm infants in
2015, only 3 infants had SpO2 < 93%. The spon
taneous recovery of saturation was not recorded.
The HR values ranged between 97 bpm and 192
bpm. The study by Davis et al. [7] evidenced that
failure saturations used at the participant institutions
(n = 89) ranged from < 80% to < 93%. The most
commonly cited threshold was < 90%. Increasing
length of time in the car seat position has been

associated with decreased saturation. In our study,
we confirmed these results, and the minimum values
were observed at 30 minutes of the test duration.
The behavior of preterm infants submitted to the
Car Seat Challenge Test did not show statistical
differences according to BW, GA or comorbidities.
Nevertheless, preterm infants with comorbidities
did not regain SpO2 saturation values after 30
minutes. These results are corroborated by the study
of DeGrazia, which evidenced that the chances of
having an oxygen desaturation event were unclear
for infants with and without comorbidity [6].
It is consensual that hospitals should develop
protocols to regulate car safety seat observation
before discharge for preterm and low-weight
infants as well as infants at risk of oxygen
desaturation such as infants who have undergone
congenital heart surgery. This procedure must
be undertaken by a trained professional, namely
NICU nurses [14].
The standardized procedure for performing
Car Seat Challenge Test in the NICU, presented
in Tab. 2, is a result of the outcomes of the study
performed in the CHUSJ’s NICU as well as
evidence obtained from the literature reviewed.

Car Seat Challenge Test in the Neonatal Intensive Care Unit
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Table 2. Car Seat Challenge Test procedure.
A – Equipment
• Infant’s own car seat if available or unit car seat retrain system (ECE R44/03 or 04 European norm)
• Monitor: Philips Intellivue MP30 Neonatal and Hewlett Packard – Omnicare 24 Neonatal Viridea 24
• Kendall neonatal ECG electrodes
• Kendall Oximeter
• Bed sheets and cloth diaper for rolls
• Car Seat Challenge Test record form
B – Procedure
1. Cleanse chest and foot sites for leads/probe.
On chest, apply:
• Red (right arm) electrode directly below the clavicle and near the right shoulder;
• Yellow (left arm) electrode directly below the clavicle and near the left shoulder;
• Black electrode directly on the lower left abdomen.
On either foot, apply:
• O2 transducer probe (be sure that the light emitter and photodetector are opposite to each other).
2. Turn on monitor and select a lead where the electrocardiogram wave is completely free from electrical or muscle artifact. Assess
for SpO2 pleth for adequate wave free of artifact. Also assess for good perfusion to foot with oximeter probe in place and for
stable SpO2 (93% in crib).
3. Place infant in the car seat with bed sheets and cloth diaper rolls for a good adjustment.
4. If artifact is noted, reposition electrodes or O2 transducer probe.
5. Complete the infant Car Seat Challenge Test form and document use of rolls.
6. Begin Car Seat Challenge Test.
7. Monitor infant for 60 minutes or the duration of the trip home if longer at a maximum of 120 minutes.
8. Discontinue testing if infant experiences a desaturation event. This event is defined as an apnea episode > 20 seconds in
duration, more than 2 consecutive episodes of periodic breathing interrupted by tachypnea (RF > 70) which are associated with
SpO2 < 93%, bradycardia with HR < 80 bpm without spontaneous recovery, SpO2 < 93% without spontaneous recovery, or if
other difficulties in breathing are demonstrated. Spontaneous recovery is defined as a consistent rise in HR or SpO2 within 10
seconds without intervention.
9. If the infant passes the Car Seat Challenge Test, he/she is able to be discharged home in his/her own car seat. If the infant fails
the test, it must be repeated after 24 hours.
10. After the second Car Seat Challenge Test failure, the infant has to be assessed in order to repeat the test or the need to be
transported in the hard car bed.
C – Parental education
• The rear-facing car seat should be age- and/or weight-appropriate, never have been in an accident, not have missing or broken
pieces, and meet European guidelines evidenced by reference on seat (ECE R44/03 – 04 or R129).
• Car seat should have a 3 or 5 point harness, 25 centimeters from lower harness to bottom, and 13.7 centimeters or less between
back and crotch strap.
• Premature and small infants should not be placed in a car seat with shields, abdominal pads, or arm rests.
• Shoulder straps should be in the lowest slots and fit snug.
• No rolls or padding should be placed behind or beneath the infant. The infant should be unwrapped with arms and legs free to be
positioned appropriately around restraints and buttocks to back of seat.
• If the car seat does not meet these criteria, one will be provided for testing.
HR: heart rate; RF: respiratory frequency; SpO2: saturation of oxygen in arterial blood.

This protocol will be implemented after being
submitted to ordinary hospital guidelines approval
and evaluated after a 6-month testing period.
Conclusions

All preterm infants submitted to the Car Seat
Challenge Test in 2015 had average values of
HR and SpO2 during the test. When positioned
in their car seats, some infants experienced only
brief oxygen desaturations, which are considered
safe.
The HR behavior in preterm infants who
had comorbidities and those who had not
comorbidities was similar, with a small decrease
at 15 minutes. The SpO2 behavior was slightly
different, noting that after 30 minutes preterm
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infants with comorbidity did not regain saturation
values.
From this study, we could question, whether the
duration of the test was prolonged up to 120 minutes,
what would happen to the HR and SpO2 values of
these preterm infants. The RF was not evaluated in
the test because it was not part of the parameters
recommended by the NICU. We consider pertinent
to include it in the protocol for future tests, taking
into account the literature analyzed and its inclusion
in the establishment of criteria.
The standardized procedure for performing
Car Seat Challenge Test in the NICU is a result
of the outcomes of the study performed as well as
evidence obtained from the literature reviewed. It
will be implemented in the CHUSJ’s NICU and
evaluated after a 6-month testing period.
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