University of Massachusetts Medical School

eScholarship@UMMS

Graduate School of Nursing Dissertations Graduate School of Nursing

2006-04-13

Stability of the Infant Car Seat Challenge and Risk Factors for
Oxygen Desaturation Events

Michele DeGrazia
University of Massachusetts Medical School

Let us know how access to this document benefits you.

Follow this and additional works at: https://escholarship.umassmed.edu/gsn_diss

b Part of the Pediatric Nursing Commons, and the Pediatrics Commons

Repository Citation

DeGrazia M. (2006). Stability of the Infant Car Seat Challenge and Risk Factors for Oxygen Desaturation
Events. Graduate School of Nursing Dissertations. https://doi.org/10.13028/qy9n-dt13. Retrieved from
https://escholarship.umassmed.edu/gsn_diss/48

Creative Commons License

This work is licensed under a Creative Commons Attribution 4.0 License.

This material is brought to you by eScholarship@UMMS. It has been accepted for inclusion in Graduate School of
Nursing Dissertations by an authorized administrator of eScholarship@UMMS. For more information, please contact
Lisa.Palmer@umassmed.edu.


https://escholarship.umassmed.edu/
https://escholarship.umassmed.edu/gsn_diss
https://escholarship.umassmed.edu/gsn
https://arcsapps.umassmed.edu/redcap/surveys/?s=XWRHNF9EJE
https://escholarship.umassmed.edu/gsn_diss?utm_source=escholarship.umassmed.edu%2Fgsn_diss%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/723?utm_source=escholarship.umassmed.edu%2Fgsn_diss%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/700?utm_source=escholarship.umassmed.edu%2Fgsn_diss%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.13028/qy9n-dt13
https://escholarship.umassmed.edu/gsn_diss/48?utm_source=escholarship.umassmed.edu%2Fgsn_diss%2F48&utm_medium=PDF&utm_campaign=PDFCoverPages
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:Lisa.Palmer@umassmed.edu

STABILITY OF THE INFANT CAR SEAT CHALLENGE AND RISK FACTORS

FOR OXYGEN DESATURATION EVENTS

A Dissertation Presented
by

MICHELE DEGRAZIA

Submitted to the Graduate School of Nursing
at the University of Massachusetts Worcester
in partial fulfillment
of the requirements for the degree of

DOCTOR OF PHILOSOPHY
April 2006

Ph.D. Program in Nursing
Worcester



© Copyright by Michele DeGrazia 2006

All Rights Reserved



P

|
UMASS.

UNIVERSITY OF MASSACHUSETTS WORCESTER

GRADUATE SCHOOL OF NURSING

“Stability of the Infant Car Seat Challenge and Risk Factors

Associated with Oxygen Desaturation Events”

A Dissertation Presented
By

Michele DeGrazia

Approved as to style and content by:

Carol Bova

Carol Bigelow Interim Dean
o University of Massachusetts Worcester
7. /3. o¢ Graduate School of Nursing

Paulette Seymour{Route, PhD, RN

Date



DEDICATION

This dissertation is dedicated to Douglas K. Richardson M.D. M.B.A.

His passion for knowledge is fondly remembered.



ACKNOWLEDGEMENTS

It was approximately 5 years ago when I first decided to study premature infants
in their travel restraint devices. While perseverance played a critical role in the
completion of this endeavor, it would have not been possible without the effort and good
will of others.

I wish to express my deepest gratitude to my committee chair, Dr. Susan Sullivan-
Bolyai DNSc, CNS, RN. Susan provided me with continuous support, encouragement
and guidance. Her knowledge of premature infants was invaluable to this study. I also
want to thank my other committee members, Dr. Carol Bova PhD, RN, ANP and Dr.
Carol Bigelow PhD, for their assistance and expertise in this endeavor. Dr. Bova’s
extensive knowledge of the research process ensured this study’s success and Dr.
Bigelow instructed me in a kind, thoughtful manner that few people possess.

In addition, this accomplishment would have not been possible without the
ongoing support of family and friends. I have been fortunate that my husband Charlie
continues to understand my need to participate in a lifelong learning process. His love
and encouragement have been and continue to be my most precious assets of all. My
daughter Kara contributed to this endeavor by demonstrating tolerance even while I
attended college with her. My Aunt Ann and Uncle Spike served as readers for this
manuscript and offered financial support for the study by purchasing car beds for parents
in need. Also, I wish to thank my parents, Ron and Linda Legere, and my in-laws,
Beverly and Charlie DeGrazia, for their confidence in my abilities and continued words

of encouragement.



Furthermore, this study would not have been possible without the following
individuals. Claire Baldwin, my writing coach, enabled the completion of this study by
assisting me with expert manuscript preparation and editing. Douglas K. Richardson
MD, MBA gave me the confidence and inspiration to partake in research. Ronald Pye
MD presented me with this intellectual challenge, resulting in the focus of my study.
Barry Lester PhD, Lynne Andreozzi Fontaine PhD, Joel Bass MD, Thomas Kinane MD,
Kimberly Suzanne Nash MD, Irwin Newman MD, Susan Young RNC, MS, CNS,
Kathryn Gustafson RN, BSN, and Mary Horn RN, MS, RRT, shared their expertise in the
infant development and positional respiratory abnormalities.

Also, a special thanks goes to Charles Anderson MD, MBA for providing facility
support and serving as study monitor, Pat Mitchell RNC, MS, Marie Prevost RN, BSN,
and Maureen Welch RNC, NNP for serving as research assistants, and the medical,
nursing, administrative and support staffs and my neonatal nurse practitioner colleagues
(Monique St. Germain, Jeannie King, and Lauren Burke) at Caritas St. Elizabeth’s
Medical Center, Boston for their help.

Lastly, the generosity of the following institutions and individuals enabled me to
complete this study. Research grants for this study were provided by SIGMA Theta Tau
Inc., Theta Kappa Chapter and Kiwanis of Middleboro and Lakeville. Monitoring
supplies were provided by BayState Anesthesia (Masimo oximeter and probes) and
Conmed (CR monitor leads). Profox software was provided at a reduced cost by the
software developer. In addition, the following individuals’ generously donated infant car
beds: 1) John and Ann Dubena, 2) Dr. Charles Anderson MD, MBA, 3) Mike and

Carolyn Hollis, 4) and Charles DeGrazia Jr.

vi



ABSTRACT
STABILITY OF THE INFANT CAR SEAT CHALLENGE AND RISK FACTORS
FOR OXYGEN DESATURATION EVENTS

APRIL 2006

Research suggests that infants with poor neck and upper torso muscle tone
experience lateral slouching and a compromised airway when placed in the semi-upright
seating position. Studies reveal that 4-60% of premature infants (born at less than 37
weeks gestation) may experience oxygen desaturation events when in their child safety
seats (CSS), potentially resulting in adverse neurodevelopmental outcomes. Therefore,
the American Academy of Pediatrics recommends that premature infants be tested in
their CSS prior to hospital discharge. However, neonatal healthcare providers are
concerned that this method of testing might not be reliable. No formal studies have
investigated the outcomes of repeat testing of premature infants, and little is known about
the risk factors for oxygen desaturation events. Therefore, the purpose of this descriptive,
non-experimental, observational study was to explore the stability of the one-point Infant
Car Seat Challenge (ICSC) and risk factors that may be associated with oxygen
desaturation events. A sample of 49 premature infants was used to explore the following
variables: 1) pass/fail rates following two (ICSC) observation points, 2) oxygen
saturation and desaturation patterns, sleep/wake activity, and a measure of head lag
(using the pull-to-sit maneuver) during two ICSCs, and 3) the association between head
lag, chronological age, time spent sleeping in the CSS and oxygen desaturation events.

Data were analyzed by descriptive and nonparametric statistical tests. This study’s

vii



findings indicated that 86% of premature infants had stable results, 8% passed ICSC 1

but not ICSC 2, and 6% failed ICSC 1 and passed ICSC 2. In addition the odds for
oxygen desaturation events increased in infants that are born at a gestational age < 34
weeks, were discharged home at a chronological age of > 7 days and had a corrected
gestational age of > 37 weeks. Neither head lag or sleep time influenced the ICSC
outcomes. Furthermore the ICSC success rate for identifying at risk infants was equal to
or better than that of other screening tests for newborn medical conditions. These
findings will assist neonatal healthcare providers in making appropriate recommendations

for safe travel.
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CHAPTER I
INTRODUCTION
Introduction
Since the early 1980s child safety seats (CSS; see Table 1) have played a major
role in the safe travel of the youngest motor vehicle passengers in the U.S. However,
with the growing use of CSSs, researchers recognized that premature and low birth-
weight infants do not fit securely into some of the currently available models, thereby
increasing the risk for injury (Bull & Stroup, 1985; Bull, Stroup, & Gerhardt, 1988a;
Bull, Weber, & Stroup, 1988b). In addition, studies have shown that some premature
infants, although considered medically stable for discharge, experience a variety of
symptoms known as oxygen desaturation events, i.e., apnea, bradycardia, periodic
breathing and oxygen desaturation (see Table 1), when placed in the semi-upright seating
position of a CSS (Bass & Mehta, 1995; Bass, Mehta, & Camara, 1993; Dawson &
Stainton, 2004; Dollberg, Yacov, Mimouni, & Ashbel, 2002; Hertz, Aggarwal,
Rosenfeld, & Greensher, 1994; Merchant, Worwa, Porter, Coleman, & deRegnier, 2001;
Mullen & Courts, 2002; Nagase, Yonetani, Uetani, & Nakamura, 2002; Smith & Turner,
1990; Willett, Leuschen, Nelson, & Nelson, 1986; 1989). Moreover, this same problem
affects a number of full-term infants (Bass & Mehta, 1995; Merchant et al., 2001).
Although the cause of CSS-related oxygen desaturation events is not known, their
etiology is believed to differ from that of apnea of prematurity, which is caused by an
immature respiratory control center and/or obstruction from a weakened or poorly
developed airway and resolves as the infant matures (Martin & Fanaroff, 1998; Martin,

Miller, & Waldemar, 1986; Miller & Martin, 1998).



Table 1

Key Words and Phrases
Key Word or Phrase Definition
Apnea Pause in breathing for > 20 seconds (Bass et al., 1993)
Bradycardia Heart rate of < 80 beats per minute (Bass et al., 1993)
Child safety seat (CSS) Restraint device used for transporting infants (Block,

Hanson, & Keane, 1998). These devices differ from the
basic type of infant seat in that they are designed to
protect the occupant in a crash (NHTSA, 2004). Child
safety seats must meet federal guidelines and be crash
tested to be approved for use during transport (NHTSA
2004).

Oxygen desaturation

A reduction in the oxygen saturation of blood to < 93%
(Bass et al., 1993)

Infant car seat challenge
(ICSC)

Observation of premature infants in a CSS prior to
hospital discharge. This term, used by The Children’s
Hospital of Boston (K. Gustafson, personal communication, April
22, 2004), was chosen by the researcher for this
dissertation. There is no nationwide standard term for this
test. This name was selected because the predischarge
observation procedure is specific to infants and
“challenge” means a trial of strength (Oxford English
Dictionary Online, 2002). Infants must have sufficient
neck and torso strength to successfully pass the ICSC
(Tonkin, 1998; Tonkin et al., 2003).

Neurodevelopmental
disability

One or more of the following: 1) cerebral palsy, 2) legal
blindness, 3) hearing loss, 4) convulsive disorder, and 5)
cognitive delay (Cheung, Barrington, Finer, & Robertson,
1999).

Oxygen desaturation event

The constellation of symptoms (apnea, periodic breathing,
bradycardia and oxygen desaturation) that happens when
an infant is placed in a CSS.

Periodic breathing (PB)

Short pauses in breathing of less than 3 seconds
interrupted by bursts of rapid shallow respirations
(Barrington & Finer, 1990). Similar to apnea.

Premature infant

Infant born at less than 37 weeks gestation (American
Academy of Pediatrics [AAP], 1991)

Stability (when applied to a
measure)

The consistency of repeated measures of the same
attribute using the same scale or instrument (Burns &
Grove, 2001)




Due to the difficulties with the semi-upright seating position, the American
Academy of Pediatrics (AAP, 1991, 1996, 1999) has recommended that every infant born
at less than 37 weeks gestation undergo a period of observation in their CSS prior to
hospital discharge. However, there are concerns that a one-time predischarge observation
period, called the Infant Car Seat Challenge (ICSC; Table 1), is not sufficient to identify
all at-risk infants (Pilley & McGuire, 2005; R. Pye, personal communication, May 5,
2004).

The AAP (1991, 1996, 1999) also recommends car bed travel for infants who
experience oxygen desaturation events in their CSS. When traveling in a car bed, infants
are positioned supine or on their sides (Weber, 2000). For most premature infants, being
placed in a more reclined or horizontal position resolves oxygen desaturation events
(Nagase et al., 2002; Willett et al., 1989; Young, Shapira, & Finer, 1996). However, car
beds are not recommended for all infants (Weber, 2000). It is believed, though not
proven, that infants in car beds may be more vulnerable to injury because the entire side
of their bodies are exposed to the force of a crash (Weber, 2000). Young children have
immature bones and neck muscles that may deform or separate (atlantooccipital
dislocation) during a crash, leaving no structural support between the head and torso
(Fuchs, Barthel, Flannery, & Christoffel, 1989; Weber, 2001). The shell of the rear-
facing CSS protects the infant’s head from the extreme forces generated during a crash,
as shown by crash tests results and from examinations of infants following motor vehicle
crashes (Fuchs et al., 1989; Weber, 2001). Thus, the rear-facing, semi-upright seating
position is considered the safest position for young children (AAP, 1999; NHTSA 2004).

Nevertheless, it is also clear that the rear-facing, semi-upright seating position of the CSS



places some infants at risk for oxygen desaturation events, which can result in adverse
cognitive, behavioral and motor outcomes.

No formal studies have investigated outcomes of a repeat ICSC for stability on
premature infants. In addition, little is known about the risk factors for oxygen
desaturation events. Since car beds are not the best option for all infants, it is essential to
identify infants at risk for oxygen desaturation events, so that neonatal clinicians can
make appropriate recommendations for travel. Therefore, the purpose of this descriptive
study was to explore the stability of the one-point ICSC by observing premature infants
(born at less than 37 weeks gestation) during a second ICSC and risk factors that may be
associated with oxygen desaturation events.

Background

Several important issues stimulated this investigation. First, a large number of
premature infants may be affected by oxygen desaturation events. Second, oxygen
desaturation events may lead to adverse behavioral, cognitive and motor outcomes that
could require long-term medical and psychological interventions for both infants and
their family members. Third, some oxygen desaturation events may not be detected
through visual inspection by the parent. Fourth, information is lacking on risk factors
(e.g., sleep, head lag, and chronological age) that may contribute to oxygen desaturation
events. Fifth, the ICSC used for identifying at-risk premature infants is not consistently
performed nationwide. Although premature infants are not discharged from the hospital
until they are apnea free (Eichenwald, Aina, & Stérk, 1997; Martin & Fanaroff, 1998;
Martin et al., 1986; Miller & Martin, 1998), infants who experienced oxygen desaturation

events in their CSS were apnea free at the time of discharge. These five important issues



provide the rationale for examining the stability of the one-point ICSC and the associated
risk factors for oxygen desaturation events.
Numbers Affected

No large scale studies have investigated the number of infants that experience
oxygen desaturation events when placed in a car seat. As a result, the number of
premature infants who experience oxygen desaturation events can only be estimated. To
obtain this estimate the number of premature infants that survive per year must first be
determined. The latest statistics reveal that of the 4,021,726 infants born in the U.S.
during 2002, 480,812 (12.1 %) were born prematurely (Martin et al., 2003).
Furthermore, the National Vital Statistics datasets classify infant deaths by cause only,
not by gestational age (Anderson & Smith, 2003). In 2001, there were 27, 568 infant
deaths, of which 4,410 (16 %) were attributed to prematurity or low birth weight.
However, some premature infant deaths may have been attributed to other causes such as
respiratory failure (Anderson & Smith, 2003). Thus, using only the number of infant
deaths caused by prematurity would overestimate the number of premature infant
survivors. On the other hand, the total number of infant deaths includes full-term infants,
so that using the total number of infant deaths underestimates the number of premature
infant survivors. Therefore, the number of premature infant survivors is estimated to be
between 450,000-476,000 yearly.

To determine how many of these survivors experience oxygen desaturation
events, the percentage of premature infants affected by this problem must be calculated.
Early studies reported that up to 60% of premature infants experienced oxygen

desaturation events in their CSS (Willett et al., 1986; 1989), while a more recent study



reported that 4% experienced this problem (Mullen & Courts, 2002; Willett et al., 1986;
1989). This large discrepancy in percentages of infants affected over the past two
decades may be due to changes in car seat design, differences in testing procedures across
studies, and/or advances in neonatal care. Nonetheless, most surviving premature infants
will travel home in a CSS at hospital discharge. Based on the frequency of events (4-
60%; M = 27%) and the number of survivors (450,000-476,000), 121,500-128,520
premature infants per year are estimated to be at risk for oxygen desaturation events.
Adverse Outcomes

Impaired oxygenation, such as happens during apnea of prematurity and oxygen
desaturation events, can cause harmful physiological changes. In adults, impaired
oxygenation causes depressed mental activity, reduced capacity of working muscles, and
eventually cell death (Guyton & Hall, 1996a; Miller & Martin, 1998). Similarly, the
clinical signs and symptoms of inadequate oxygenation in children include tachypnea,
tachycardia, dyspnea, hypertension, behavioral changes, somnolence, and hypotension
(Pasterkamp, 1998). However, advanced monitoring is required to detect oxygen
desaturation events in premature infants because they routinely exhibit varying levels of
muscle tone and strength, decreased levels of activity, and lack verbal communication
abilities.

No investigations have looked at adverse outcomes of premature infants with a
history of oxygen desaturation events in a CSS. However, several investigations have
found that poor oxygenation in infancy leads to undesirable neurodevelopment,
validating the previous beliefs of many practitioners (Newburger, Silbert, Buckley, &

Flyer, 1984). For example, a study of a cohort of 38 children 6 months to 6 years old at



time of surgery) with transposition of the greater arteries (and chronic hypoxemia) found
that delaying surgical correction resulted in poorer scores for cognitive function
(Newburger et al., 1984). Also, 6 week-old infants with sleep apnea syndrome and low
transcutaneous oxygen values have been shown to have lower neurological test scores
than infants without sleep apnea syndrome (Loscher et al., 1990). Moreover the seminal
work of Cheung and colleagues (1999) demonstrated an association between mean
oxygen desaturation and frequency of apnea in premature infants (<32 weeks gestation),
and undesirable neurodevelopment in early childhood (15-64 months of age).

These findings suggest that severe apnea in infants before discharge from the
hospital is a marker for poor neurodevelopmental outcomes. Collectively, these studies
have increased health care providers’ awareness of the potential adverse outcomes
associated with apnea and/or impaired oxygenation. Some infants have been reported to
spend up to 16 hours a day in their CSS or similar seating device (Callahan & Sisler,
1997). It is not known how many of these infants experience impaired oxygenation.
Therefore it is important that oxygen desaturation events, even if not overtly manifested,
be detected and prevented. The potential for adverse neurological outcomes in premature
infants makes identifying at-risk infants a priority.

Parental Observation

Observing the premature infant for oxygen desaturation events by skin color has
been shown to be an unreliable form of detection (Cifuentes, Haywood, Ross, & Carlo,
1998; Lynam, 1991; Miller & Martin, 1998). For example, as apnea ensues, oxygen
desaturation and bradycardia may be noted, but cyanosis in response to deoxygenated

blood may not be evident until a significant level of hypoxemia has occurred (Cifuentes



et al., 1998; Lynam, 1991; Miller & Martin, 1998). Newborns, including premature
infants, have varying levels of red blood cells, which affect skin color and may limit a
parent’s ability to identify an oxygen desaturation event (Lees, 1970; Miller & Martin,
1998). In polycythemia, a condition of increased amounts of red blood cells, there may
be an adequate amount of oxygen in the blood, but the patient may appear cyanotic
because not all the hemoglobin may be saturated (O'Brodovich & Haddad, 1998). In
contrast, patients with anemia, a condition of decreased amount of red blood cells, may
have inadequate oxygen in the blood, yet their skin may appear pink (O'Brodovich &
Haddad, 1998). The red blood cells are saturated with oxygen, but a lower than normal
number of them is circulating.

Both polycythemia and anemia are conditions that affect the premature infant.
Thus, parents cannot rely on the premature infant’s color or physical appearance to detect
an oxygen desaturation event. Cellular damage from inadequate oxygenation may begin
before parents see visible signs and symptoms, especially if the infant is anemic.
Furthermore, recognition of color changes in infants with darker skin tones may be even
more difficult to detect. This issue is particularly important because over half (54%) of
the approximately 440,000 premature infants born in 2003 had darker skin tones,
including 17.8% black non-Hispanic, 11.9% Hispanic, and 24% American Indian or
Asian (Centers for Disease Control and Prevention, 2004). Therefore, identifying those
infants who will experience problems and finding alternative methods for transporting

them may prevent these harmful events.



Risk Factors

In addition to the concerns about identifying at-risk infants, little is known
regarding risk factors for oxygen desaturation events. To date, the potential risk factors
identified for oxygen desaturation events in CSSs are the semi-upright seating position
(necessitated by the traditional car seat) (Smith & Turner, 1990; Willett et al., 1989),
sleep (Hertz et al., 1994), genetic disorders (Bass & Mehta, 1995), and the amount of
time spent in the CSS (Merchant et al., 2001). However, no published studies were found
that adequately addressed all potential risk factors. Infant chronological age and head lag
(a measure of head control) have never been studied. Additionally, few studies have
examined the effect of sleep while infants are positioned in their CSS (Hertz et al., 1994;
Nagase et al., 2002).

Head lag, chronological age, and sleep are three potential risk factors that may be
associated with oxygen desaturation events. Head lag is important to assess in premature
infants because their diminished head/upper torso control prevents them from
repositioning their heads when experiencing poor oxygenation from a positional
ventilatory abnormality (Lester & Tronick, 2002). Chronological age, a measure of the
infant’s age beginning at birth (Holditch-Davis, Edwards, & Wigger, 1994), can be
helpful when comparing infants of the same gestational age, but with different birth
dates. Infants may exhibit differing degrees of maturation depending upon the amount‘qf
time spent outside the womb (Forslund & Bjerre, 1983; Mercuri et al., 2003). Older
infants may exhibit more developed neck muscles (Forslund & Bjerre, 1983; Mercuri et
al., 2003). Furthermore, two infants can have the same gestational age but different

chronological ages and exhibit different responses to being positioned in the CSS.



Moreover, during sleep the body relaxes. With relaxation, the infant’s already slouched
position may be further compromised (Hertz et al., 1994; Nagase et al., 2002). During
sleep infants are also less likely to respond to the body’s biofeedback mechanisms that
would enable them to correct poor body alignment (Gaultier, 1990; Holditch-Davis et al.,
1994). Therefore head lag, chronological age, and sleep warrant further exploration as
potential risk factors.
Standardization & Stability of the ICSC

The AAP and National Highway Traffic Safety Administration (NHTSA) are the
guiding agencies for addressing issues of transporting infants. Acknowledging the
difficulties in identifying infants at risk for oxygen desaturation events, the AAP (1991;
1996; 1999) recommends advanced monitoring of all premature infants before hospital
discharge to detect which infants will experience these events. More specifically, the
AAP recommends that every infant born at less than 37 weeks gestation be observed in a
CSS. The AAP’s recommendation was based on five small studies (Bass et al., 1993;
Bull & Stroup, 1985; Bull et al., 1988b; Willett et al., 1986; 1989). One of the studies
examined the fit of premature and low birth weight infants in the traditional CSS (Bull &
Stroup, 1985). Another looked at the issue of CSS misuse ( such as improper positioning
or securing infant in the seat) (Bull et al., 1988b), while the remaining three studies
focused on oxygen desaturation events experienced by premature infants when positiongd
in the CSS (Bass et al., 1993; Willett et al., 1986; 1989). Subsequently, the AAP (1999)
added that all hospitals should have policies in place that ensure infants are discharged in

an appropriate CSS.
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The predischarge observation period or ICSC has become standard practice in
approximately 75% of U.S. hospitals (Williams & Martin, 2003). Following the lead of
the U.S., other countries have also instituted the practice of predischarge ICSC (Fetus and
Newbomn Committee, 2000; Mullen & Courts, 2002; Nagase et al., 2002). Many
institutions nationwide have complied with the AAP recommendation for the
predischarge observation period even though no standardized guidelines have been
established. Due to this lack of standardized guidelines, hospitals have developed their
own policies and procedures for performing the ICSC, including how often to repeat it if
an infant fails the initial period of observation (Mullen & Courts, 2002; Williams &
Martin, 2003).

These independent criteria and procedures have led to inconsistencies in criteria
for observing infants, pass and fail criteria, and duration of observation (Williams &
Martin, 2003). Inclusion criteria for infants to be observed include prematurity, weight,
respiratory conditions, and current or past oxygen needs (Williams & Martin, 2003).
Most providers perform a 30- to 90-minute test, replicating the criteria of past research
studies (Bass & Mehta, 1995; Bass et al., 1993; Willett et al., 1986; 1989). Although
pass/fail criteria have not been formally researched, it is typical for either the practitioner
or institution itself to set these parameters (K. Gustafson, personal communication, April
22,2004; S. Young, personal communication, May 5, 2004).

Furthermore, although many healthcare providers have complied with the AAP
recommendations, others have chosen not to perform predischarge ICSC because current
methods have never been tested for stability, are not standardized, and may not identify

all at-risk infants (Pilley & McGuire, 2005; R. Pye, personal communication, May 5,
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2004). A key issue for those institutions that do not observe premature infants in their
CSS before discharge is lack of evidence that a one-point measure is stable.

To date no empirical evidence has been found to support the standard one-point
ICSC of premature infants. Passing a one-point ICSC does not guarantee that an infant
will pass a repeat ICSC during the short time between being deemed medically ready for
discharge and actual discharge. Anecdotal evidence indicates that two-point ICSCs have
yielded varying results in institutions that repeat an initial failed ICSC (S. Young,
personal communication, May 5, 2004). In some institutions, premature infants are tested
twice if the first test is failed. A car bed is recommended if both tests are failed (S.
Young, personal communication, May 5, 2004). With two tests, it has been found that
some infants will fail the initial test but pass the second. These inconsistent results
indicate the need for further investigation.

Significance of the Problem

Some premature infants experience difficulty in maintaining stable blood oxygen
saturation when positioned in their CSS, yet it is not clear whether all at-risk infants are
successfully being identified by a one-point ICSC. To date, no investigations have
examined the stability of the one-point ICSC. It is not known whether repeat
observations of premature infants will yield similar or different results compared to the
one-point ICSC. In addition, the relationships between risk factors and oxygen
desaturation events when premature infants are positioned in their CSS have not been
fully explored. Little is known about the effects of head lag, chronological age, and sleep

on the occurrence of oxygen desaturation events.
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This study has important implications for neonatal healthcare providers who
perform the ICSC and provide parental education at discharge. Determining the stability
of the ICSC will help ensure that healthcare providers do not convey false reassurance to
parents of premature infants at discharge. Also, knowing more about the risk factors and
their relationship to oxygen desaturation events will help neonatal healthcare providers
make appropriate recommendations for safe travel at hospital discharge. lastly, the
acquisition of more accurate methods for identifying at-risk premature infants may
contribute to better behavioral, cognitive and motor outcomes for this population.

Purpose Statement

The purpose of this descriptive, non-experimental, and observational study was to
explore the stability of the one-point ICSC by observing premature infants (born at less
than 37 weeks gestation) during a second ICSC and risk factors that may be associated
with oxygen desaturation events. The specific aims of this study were to describe 1) the
pass/fail rates of premature infants following two (ICSC) observation points, 2) oxygen
saturation and desaturation patterns, sleep wake activity, and a measure of head lag for
premature infants over the course of two ICSCs, and 3) the association between head lag,
chronological age, time spent sleeping in the CSS and oxygen desaturation events
experienced by premature infants during ICSCs.

Summary

Approximately 450,000-485,000 premature infants born yearly are sent home in
CSSs. Almost one third of these infants may be at risk for oxygen desaturation events,
which can lead to adverse behavioral, cognitive and motor outcomes (Newburger et al..

1984; Perlman & Volpe, 1985). Parental observation is insufficient to detect these
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events. The AAP (1991; 1996; 1999) has recommended that every infant born at less

than 37 weeks gestation be tested in a CSS prior to hospital discharge. Despite these
recommendations, little is known about the risk factors for oxygen desaturation events
and many questions remain regarding the stability of predischarge testing methods. By
investigating the stability of the ICSC and the risk factors for oxygen desaturation events,
this research study will help neonatal healthcare providers make appropriate
recommendations for safe travel at hospital discharge. In addition, this research study
will help to answer three important questions about the ICSC:
Research Questions
1) What are the pass/fail rates of premature infants who have undergone two
ICSCs?
2) What are the oxygen saturation and desaturation patterns, sleep wake activity,
and measures of head lag for premature infants who undergo two ICSCs?
3) Are variations in head lag, chronological age, and time spent sleeping

associated with oxygen desaturation events of premature infants in CSSs?
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CHAPTER II
REVIEW OF THE LITERATURE
Introduction

This chapter will present the theoretical framework for this study, based on Roy’s
Model of the Person as an Adaptive System (Roy, 1984; Roy & Andrews, 1999), and
review the relevant literature on the infant car seat challenge (ICSC) and on risk factors
for oxygen desaturation events of premature infants in a child safety seat prior to hospital
discharge.

Adaptation

As soon as full-term infants are born, they face challenges in the extrauterine
environment (Prechtl, 2001). Premature infants, who exit early from the womb, are at an
even greater risk for difficulties in meeting environmental demands. Although premature
infants occasionally remain hospitalized for a prolonged period, 6 months or more, some
may still not be ready for the environmental challenges at discharge. Premature infants
may take considerably longer to catch up to their full-term peers (McCormick, 1989).
The survival of premature infants in the extrauterine environment is constantly
threatened. One form of environmental threat is positioning them in the semi-upright
seating position of the traditional CSS. Without successful adaptation to the CSS, the
premature infant is at risk for oxygen desaturation events, and subsequent adverse
behavioral, cognitive, and motor outcomes. Furthermore the infant’s survival may be
jeopardized by unstable blood oxygenation resulting from being positioned in a CSS.
The prevention of oxygen desaturation events in premature infants when positioned in

their CSS ensures successful adaptation to their new environment. Therefore, Roy’s
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(1984) Model of the Person as an Adaptive System provides a suitable framework for this
investigation.

Roy’s Model of the Person as an Adaptive System

Adaptation, a concept used in biology, psychology, sociology, literature, music,
religion, and nursing, refers in the simplest sense to adjustment to environmental
conditions (Mish, 2003). The biological concept of adaptation, perhaps the most
commonly recognized, conveys the idea that living organisms inherit the capacity to
develop structures and functions for carrying out such processes of life as assimilation of
new matter, capture of energy, and reproduction (Oxford English Dictionary Online,
2002; The New Encyclopaedia Britannica, 1998; World Book Encyclopedia, 2002). This
biological or hereditary form of adaptation is passed on through modifications of, or
variations in genetic material that enable a species to feed, reproduce, and protect
themselves and their offspring (Bahr & Johnston, 1993). The nonhereditary attributes of
adaptation that enable survival include personal acclimatization or the habituation of
organisms (deBeer, 1978).

Sister Callista Roy, a nurse theorist, integrated the concept of adaptation into a
framework for use by the nursing profession. Roy has described individuals as
biopsychosocial beings required to adapt to environmental stimuli and to meet five
physiological needs: oxygenation, nutrition, elimination, activity and rest (Roy &
Andrews, 1999). The Model of the Person as an Adaptive System proposes that humans
meet these needs by using four primary adaptive modes: 1) physiologic-physical, 2) self-

concept, 3) role function, and 4) interdependence (Roy & Andrews, 1999). Although
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Roy uses the term “physiologic,” the preferred spelling “physiological” (Mish, 2003) will
be used in this dissertation.
Physiological-Physical Mode

The physiological-physical adaptive mode that applies to this study is concerned
with the physical and chemical processes integral to human function and activities of
daily living (Roy & Andrews, 1999). According to Roy, when a person’s physiological-
physical needs are met, physiological integrity is achieved. The compensatory function
of the lungs serves as a perfect example of how physiological integrity can be achieved
via a physiological-physical adaptive mode. When a human’s acid-base balance is
disturbed, the body can become acidotic (Guyton & Hall, 1996d). In response to this
acidosis, the body’s biofeedback system (a chemical process) is activated, resulting in an
increased respiratory rate (a physical process) (Guyton & Hall, 1996d). This increase in
respiratory rate permits carbon dioxide, which makes the blood acidic, to be released
from the lungs to the air, helping to restore the body’s acid-base balance to normal,
thereby restoring the body’s physiological integrity (Guyton & Hall, 1996d). Roy
explains that nurses must know about these types of normal body processes and
recognize compensatory and compromised processes of physiological adaptation so that
necessary steps can be taken to maintain health (Roy & Andrews, 1999).

Roy’s model of adaptation has been used as a framework for physiological studies
on premature infants (Harrison, Leeper, & Yoon, 1990; Modrcin-Talbott, Harrison,
Groer, & Younger, 2003; Norris, Campbell, & Brenkert, 1982). According to Roy and
Andrews (1999), the goal of nursing is to contribute to the overall aim of healthcare,

which is to promote the health of individuals and society. Roy explains that adaptive
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behavior promotes the integrity, or degree of wholeness, of the human system, but that
ineffective responses to change can disrupt this integrity (Roy & Andrews, 1999).

Theoretical Framework

Positioning premature infants in the semi-upright position in their CSS constitutes
a change in their environment, to which their bodies try to adapt. Maladaptation is
observed when premature infants experience oxygen desaturation events, thus threatening
their physiological integrity. Within Roy’s model, the premature infant’s physiological
integrity is maintained or achieved through a system of four interrelated parts: input,

control processes, effectors, and output (Roy, 1984) (see Table 2; Appendix A).

Table 2

Definitions for Roy’s Model of the Person as an Adaptive System

Stimuli derived internally (from the self) and externally (from the

Input .
environment).

Biological abilities enabling an individual to cope with a changing

environment; also called coping mechanisms.

Control 1. Cognator: A coping mechanism that responds through learned
behavior to input of complex processes of perception and
information processing.

2. Regulator: A coping mechanism that responds automatically to
input through neural chemical endocrine processes.

Effectors Physiological responses to control processes.

Adaptive or ineffective responses to input.

1. Adaptive responses: responses that promote integrity of a

Output person in terms of human system goals such as survival,
growth, reproduction and mastery.

2. Ineffective responses: responses that do not contribute to
adaptive goals.

Processes
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Input

Inputs are stimuli that can be internal (from within the human) or external (from

the environment). Although many inputs may influence the premature infant’s tolerance

to the CSS, this study will focus on three internal inputs: head /upper torso control,

chronological age, and sleep (see Figure 1).

Figure 1

Model of Theoretical Framework

Inputs

External:
Placement of premature infant in car seat

Internal:

Poor head/upper torso control (measured by
increased head lag) causes head to fall
forward, body slouching, and an inadequate
air/gas exchange

Decreased chronological age yields lack of
head/torso control and sustained respiration,
resulting in inadequate air/gas exchange

Sleep exacerbates poor positioning, increased
periodic breathing and causes the infant to be
less likely to respond to the body’s
biofeedback mechanisms

Effectors

Cognator response: Stimulation of
mechanoreceptors and transmission of the
signal to brain and spinal cord

Regulator response: Stimulation, of
chemoreceptors from decreased pO,,
increased pCO,, and increased hydrogen ion
concentration (pH)

QOutput

Adaptive Responses: Sensory receptor
(mechanoreceptors and chemoreceptors)
signals are processed in a mature manner.
Premature infant self-corrects position of
head and body, stable blood oxygen
saturation is maintained

Ineffective Responses: Sensory receptor

{mechanoreceptors and chemoreceptors)
signal processing remains immature.
Premature infant is unable to self-correct
position of head and exhibits a diphasic
respiratory response. An oxygen desaturation
event occurs. The situation may be further
compromised by sleep.

1T

Control Processes

Biofeedback mechanisms

Signals are processed in the brain and spinal
cord; the need for movement is
acknowledged and message may/may not be
transmitted to muscle spindles )
Respiratory centers in the medulla oblongata
and pons are stimulated, but the signals for
increased respiratory drive to decrease pCQO,
and increase pO, may/may not be transmitted
to lungs/diaphragm
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All three internal inputs can partially or fully occlude the upper airway and
compress the chest, leading to an oxygen desaturation event (Carlo, Beoglos, Siner, &
Martin, 1989; Tonkin, 1998). A partially or fully occluded airway and chest compression
lead to inadequate lung expansion and decreased tidal volume, which lead to oxygen
desaturation. Oxygen desaturation can lead to myocardial hypoxia, which is exhibited by
bradycardia (Scanlon, 1994) or a slowed heart rate. This unstable cardiorespiratory status
is expressed in the premature infant by symptoms such as apnea and/or periodic
breathing, bradycardia and a reduction in oxygen saturation (Poets, Rau, Neuber, Gappa,
& Seidenberg, 1997), symptoms of an oxygen desaturation event. However, each of the
three inputs that can lead to the development of oxygen desaturation events, do so by a
slightly different mechanism.

The first internal input is head/upper torso control. Infants who lack sufficient
head/upper torso control develop a partially or fully occluded upper airway from their
head falling forward onto their chest (Carlo et al., 1989; Tonkin, 1998; Tonkin et al.,
2003). In addition, infants who lack head/upper torso control may lack chest/torso
control, which can lead to chest compression as well. In response to upper airway
occlusion and chest compression, the lungs of premature infants fail to adequately
exchange oxygen and carbon dioxide.

The second internal input is chronological age, which is a measure of time that an
infant has spent outside the womb (extrauterine age) (Holditch-Davis et al., 1994). Some
studies suggest that prolonged extrauterine exposure may accelerate maturation (Forslund
& Bjerre, 1983; Majnemer, Brownstein, Kadanoff, & Shevell, 1992). Therefore

chronologically older infants may better tolerate being positioned in a CSS than those
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who are chronologically younger. This better tolerance may be due to the older infant’s
mature responses to the environment, e.g., maintaining good body alignment (Forslund &
Bjerre, 1983) and a stable respiratory status. In contrast, a less mature (chronologically
younger) peer exhibits diminished strength and respiratory control and may therefore
experience difficulty maintaining stable body alignment and a stable cardiorespiratory
status when placed in a CSS (Amiel-Tison, 1968; Eichenwald et al., 1997).

The third internal input is sleep, which can also lead to cardiorespiratory
compromise of the premature infant when placed in a CSS. During sleep, the infant’s
body relaxes and may slump over into a poor position for cardiorespiratory function
(Hertz et al., 1994; Smith & Turner, 1990; Tonkin, 1998; Tonkin et al., 2003).
Furthermore, the sleeping premature infant is more prone to periodic breathing and apnea
and is less likely to respond to the body’s biofeedback mechanisms that would normally
signal the infant to readjust his or her body position (Hertz et al., 1994; Holditch-Davis
et al., 1994; Nagase et al., 2002). Hence, the premature infant develops an oxygen
desaturation event.

Control Processes and Effectors

An oxygen desaturation event, also referred to as cardiorespiratory compromise,
can activate control processes that stimulate centers in the infant’s spinal cord and brain,
which in turn direct the body’s response. Control processes or coping mechanisms
include cognators and regulators (Roy, 1984). Activation of the control processes by
inputs results in stimulation of the sensory receptors. Two types of sensory receptors that
may be activated during an oxygen desaturation event are mechanoreceptors (cognators)

that control body position and chemoreceptors (regulators) that control breathing and gas
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exchange (Guyton & Hall, 1996b). Stimulation of the mechanoreceptors sends signals to
the brain indicating the need for a change in body position (Guyton & Hall, 1996¢),
whereas stimulation of the chemoreceptors (by hypoxemia, hypercapnia, and/or hypoxia)
signals to the brain indicating the need for a change in respiration (Guyton & Hall,
1996d). Following activation of the control processes, a signal is sent to the effectors.

The effectors are physiological responses to the control processes. However, the
premature infant’s physiological responses may be immature and unreliable. Premature
infants may not have the physical strength to change their position. Furthermore, in
terms of their respiratory status, most mammals in the early neonatal period have been
shown to have a diphasic response to sustained hypoxia (Gaultier, 1990). This response
begins with an initial increase in ventilation (tachypnea), followed by a secondary
decrease in ventilation (apnea) (Gaultier, 1990; Kattwinkel, 1977; Manning & Stothers,
1991). The extent to which the premature infant experiences a diphasic response depends
upon his/her gestational age and degree of maturation.

Output

When the four-part interrelated system of inputs, control processes, effectors and
output is working appropriately, the effectors respond adaptively by directing the
premature infant to self-correct his/her head and body position. In this case, the infant
responds to an unstable respiratory condition with sustained respirations, averting the
diphasic response and maintaining stable blood oxygen saturation. Therefore, the output
maintains the infant’s physiological integrity. In order for the infant to achieve
physiological integrity (adapt to the CSS), he/she must have some degree of independent

head/upper torso control and strength derived from a developed nuchal musculature. In
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addition, the infant must have the neurological maturity that permits sustained respiration
and the ability to respond to the body’s cues even during sleep (Holditch-Davis et al.,
1994).

When the system is not working correctly, it responds ineffectively and
physiological integrity is not achieved. Ineffective responses are expressed through
upper airway occlusion and chest compression, leading to an unstable condition
evidenced by hypoxemia/hypercapnia (abnormally high levels of carbon dioxide in the
blood)/hypoxia. The premature infant initially responds to this unstable condition by
increasing respiratory drive during the first phase of a diphasic response (Gaultier, 1990;
Kattwinkel, 1977; Manning & Stothers, 1991). However, as the second phase of the
diphasic response is activated, the premature infant responds to the
hypoxemic/hypercapnic/hypoxic condition by becoming apneic or by experiencing an
oxygen desaturation event (Gaultier, 1990; Kattwinkel, 1977; Manning & Stothers,
1991). Also, the oxygen desaturation event may become worse during sleep. As
discussed earlier, during sleep the premature infant is more prone to periodic breathing
and apnea (Holditch-Davis et al., 1994) and is less likely to respond to biofeedback
mechanisms that would normally signal the need for readjusting body position (Hertz et
al., 1994; Holditch-Davis et al., 1994; Nagase et al., 2002).

Stability of the Infant Car Seat Challenge

When properly installed, CSSs reduce the risk of infant death by 71% (NHTSA,
2002). As aresult, all states have laws requiring that infants and young children travel in
federally approved CSSs (NHTSA, 2004). However, studies have shown that some

premature infants, considered medically stable for discharge, experience oxygen
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desaturation events when placed in the semi-upright seating position (Bass & Mehta,
1995; Bass et al., 1993; Dollberg et al., 2002; Hertz et al., 1994; Merchant et al., 2001;
Mullen & Courts, 2002; Nagase et al., 2002; Smith & Turner, 1990; Willett et al., 1986;
1989). Therefore, the AAP (1991; 1996; 1999) has recommended that infants born at less
than 37 weeks gestation undergo a period of observation (ICSC) in their CSS prior to
hospital discharge. Many hospitals have complied with these recommendations, yet the
stability of the one-point ICSC has never been tested.

Several studies have performed repeat observations of premature infants in their
CSSs prior to hospital discharge (Dawson & Stainton, 2004; Dollberg et al., 2002;
Nagase et al., 2002; Smith & Turner, 1990; Willett et al., 1989). However, in these
studies the observations were not repeated to look at the stability of the one-point ICSC.
Instead, repeat observations were performed in order to determine the etiology of oxygen
desaturation events or to test an alternative position/support device. More specifically,
observations were repeated to examine infant responses to 1) different angles of recline,
including while positioned in a crib (Dawson & Stainton, 2004; Nagase et al., 2002;
Smith & Turner, 1990; Willett et al., 1989; Young et al., 1996), 2) different head supportts
(Dollberg et al., 2002; Tonkin et al., 2003), 3) an alternative child restraint device
(Nagase et al., 2002), or 4) modifications in position, such as adding blanket rolls
(Mullen & Courts, 2002). No studies could be found that used a consistent procedure to
examine and evaluate the stability of the one-point ICSC.

It is not known whether repeat observation of premature infants in their CSS will
yield consistent results. Throughout the course of a single day, infants exhibit varied

muscle tone, activity and states of wakefulness. Sleepy infants display diminished
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muscle tone, while agitated infants have increased muscle tone (Amiel-Tison, 1968).
These variations in tone may lead to inconsistent physiological responses when infants
are positioned in CSSs. If the one-point ICSC lacks stability, some infants at risk for
oxygen desaturation events may not be identified.

Pass/Fail Rates of the Infant Car Seat Challenge

To date, 10 studies have examined the pass/fail rates of oxygen desaturation
events for infants when positioned in their CSS (Bass & Mehta, 1995; Bass et al., 1993;
Hertz et al., 1994; Merchant et al., 2001; Mullen & Courts, 2002; Nagase et al., 2002;
Smith & Turner, 1990; Willett et al., 1986; 1989; Young et al., 1996). Eight of these
studies included premature infants in their samples (Bass et al., 1993; Hertz et al., 1994;
Merchant et al., 2001; Mullen & Courts, 2002; Smith & Turner, 1990; Willett et al.,
1986; 1989; Young et al., 1996). All of the studies examining premature infants were
descriptive. Four studies had 50 or less premature infants in their samples (Hertz et al.,
1994; Merchant et al., 2001; Smith & Turner, 1990; Willett et al., 1986; 1989). Only two
studies had sample sizes of 100 or more premature infants (Mullen & Courts, 2002;
Young et al., 1996).

The samples for all eight studies included premature infants with gestational ages
ranging from 26-37 weeks (Bass et al., 1993; Hertz et al., 1994; Merchant et al., 2001;
Mullen & Courts, 2002; Smith & Turner, 1990; Willett et al., 1986; 1989; Young et al.,
1996). Missing from the samples were infants born at less than 25 weeks gestation.
Most of the studies included male and female premature infants (Merchant et al., 2001;

Mullen & Courts, 2002; Willett et al., 1986; 1989; Young et al., 1996); while others did
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not report the numbers of male and female subjects (Bass et al., 1993; Smith & Turner,
1990; Young et al., 1996).

The ICSC failure rate for premature infants in their CSS ranged between 4%
(Mullen & Courts, 2002) and 60% (Willett et al., 1986) (see Table 3). Several factors
may explain the lowest failure rate. First, that study was conducted in England, while the
others were conducted in the US. Though AAP recommendations were followed for
positioning infants in the CSS, there may be differences in CSS design between England
and the US, as suggested by the car seat pictured in the journal article. Second, the make
and model of monitoring instruments used by Mullen and Courts could not be determined
from their report. Some models of cardiorespiratory and oximetry monitoring devices
may not identify oxygen desaturation events as accurately as others. For instance, newer
models of oximeters can distinguish between venous and arterial blood movement,
resulting in more accurate oxygen saturation readings (Masimo Corporation, 2004;
Nellcor Puritan Bennett Inc, 2004). Also, newer models of cardiorespiratory and
oximeter monitors can filter artifact associated with movement, decreasing the chance of
false positive or negative readings (Corometrics, 2004; Masimo Corporation, 2004;
Nellcor Puritan Bennett Inc, 2004). Third, heart rate, respiratory rate, and blood oxygen
saturation were recorded when the infants were first placed in the CSS, and every 15
minutes thereafter (Mullen & Courts, 2002). Therefore, it is possible that some oxygen
desaturation events were missed during the remaining 14-minute intervals. Of the nine
studies that examined this phenomenon in premature infants, eight obtained continuous
readings of these variables (Bass et al., 1993; Dawson & Stainton, 2004; Hertz et al.,

1994; Merchant et al., 2001; Smith & Turner, 1990; Willett et al., 1986; 1989; Young et
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al., 1996). Fourth, the sample of infants tested by Mullen and Courts may not have been
representative of the entire neonatal population. Sicker premature infants may have a
lower survival rate in England than other countries such as the US (Tin, Wariyar, & Hey,
1997). This possibility would mean that the infants in Mullen and Courts’ sample could
have been generally healthier.

In contrast to the Mullen and Courts (2002) study, Hertz et al. (1994) and Willett
et al. (1986) both found that a large percentage (54% and 60%, respectively) of premature
infants experienced oxygen desaturation events when positioned in their CSS. Hertz et
al. (1994) used blanket roles to position the infants per AAP recommendations, although
the CSS were minimally reclined (75 to 85 degrees). This minimally reclined position
may explain the increased frequency of oxygen desaturation events, since angle of CSS
recline has been identified as a risk factor for oxygen desaturation events (Nagase et al.,
2002; Smith & Turner, 1990; Willett et al., 1989). In fact, infants who are positioned
more upright in a CSS are more likely to experience adverse effects (Smith & Turner,
1990; Willett et al., 1989; Young et al., 1996). Consequently, to minimize the occurrence
of oxygen desaturation events, the AAP (1991) recommends a 45-degree angle of recline

(semi-upright position).
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Table 3

Studies of ICSC Failure Rates for Premature Infants in CSS

. Recording Angle of Failure
Authors/year | Country | Sample Size Duration Recline Rate (%)
Semi-reclined
Bass et al., 90 min seating
(1993) Us 87 continuous position per 18
AAP
290 min
continuous
Hertz et al. L 65-75°
(1994) UsS 28 (time in CSS (105-115°) 54
not
reported)
Merchant et al. 90 min
(2001) US 50 continuous Not reported 12
Mullen & 90 min o
Courts (2002) | Fneland | 100 intermittent 5 4
. . 85°(95°)
140° (40°)
12 infants <
37 \;v\jeks Semi-upright
Willett et al., treatment 30 min ss:e.ltmg
UsS a . position per 60
(1986) for apnea’ continuous ,
8 infants < manufact_urer s
37 weeks instructions
w/0 apnea
31 infants < Semi-upright
. 32 weeks . seating
gglégt)t etal, US 22 infants co3n(t)irr§11cr)lus position per 26
32-36 manufacturer’s
weeks instructions
Semi-reclined
Young et al., 90 min seating
(1996) Canada 141 continuous position per 2
AAP

*Infants treated with methylxanthine

Similarly, several factors may explain the increased frequency of oxygen

desaturation in the Willett et al. study (1986). First, all the infants in group I (n = 12),

were being treated for apnea of prematurity with methylxanthines, which are believed to
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increase respiratory output by stimulating the respiratory center of the brain (Martin et
al., 1986). Therefore, one could argue that infants being treated with methylxanthines
have not sufficiently matured neurologically, were not ready to be placed in a CSS, and
were not candidates for hospital discharge.

The second factor that may explain the increased frequency of oxygen
desaturation events witnessed by Willett et al. (1986) is that the angle of CSS recline was
not measured. According to Willett et al. (1986), a semi-upright seating position was
used in accordance with the manufacturer’s instructions. As a result, anything less than
90 degrees could have been considered semi-upright. Using an angle of recline closer to
90 degrees, rather than the AAP-recommended 45 degrees could have increased the
frequency of ICSC failures.

In the remaining studies (see Table 3), failure rates for the ICSC ranged between
12% (Merchant et al., 2001) and 26% (Willett et al., 1986). Young, Shapira and Finer
(1996) completed the largest and most rigorous study to date. In contrast to the other
researchers, Young et al. (1996) maintained tight control over the study variables. Their
sample included infants with birth weights between 380-3225 grams and gestational ages
from 26-36 weeks. These premature infants were required to meet strict discharge
readiness criteria, and AAP guidelines for positioning infants in the CSS were followed.
Furthermore, the ICSC failure criteria were clearly articulated and not much different
from those used in other studies. Additionally, the car seats used were limited to those
that enabled proper restraint of smaller infants (Young et al., 1996).

Although they maintained tight methodological control, Young and colleagues

(1996) detected a 24% ICSC failure rate. Infants who failed the ICSC had varied birth
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weights and gestational ages. In addition, failure rates were associated with number of
days on the ventilator and with lower baseline blood oxygen saturation in the CSS
(Young et al., 1996). Moreover, these authors demonstrated that even following a strict
procedure for positioning, oxygen desaturation events occurred in a large percentage of
premature infants.

Risk Factors for Oxygen Desaturation Events

Several risk factors have been associated with oxygen desaturation events (Bass et
al., 1993; Hertz et al., 1994; Merchant et al., 2001; Mullen & Courts, 2002; Nagase et al.,
2002; Smith & Turner, 1990; Tonkin et al., 2003; Willett et al., 1986; 1989; Young et al.,
1996). To date, these risk factors include male gender (Willett et al., 1989; Young et al.,
1996), a history of respiratory problems (Willett et al., 1986; 1989; Young et al., 1996),
the semi-upright seating position (necessitated by the traditional car seat) (Dawson &
Stainton, 2004; Smith & Turner, 1990; Willett et al., 1989), genetic disorders affecting
tone and breathing (Bass & Mehta, 1995), and the amount of time spent in the CSS
(Merchant et al., 2001). Although sleep has been identified as a potential risk factor
(Hertz et al., 1994; Nagase et al., 2002), it has not been adequately investigated, and other
potential risk factors such as chronological age and head lag (a measure of head and
upper torso control) have never been explored.

Chronological Age

Control of breathing and muscular strength are two important factors that signify
maturation of the premature infant (Amiel-Tison, 1968; Eichenwald et al., 1997).
Following birth, premature infants are not only more prone to periodic breathing

(Holditch-Davis et al., 1994), but also respond to hypoxemia less consistently than older

30



children and adults (Goddard-Finegold, 1998). Adults respond to hypoxemia by
increasing their ventilatory drive (Guyton & Hall, 1996a), while full-term infants show an
initial increase in ventilation followed by a decrease (Goddard-Finegold, 1998). In
contrast, the late gestation fetus (equivalent to the premature infant) becomes apneic in
the face of hypoxemia (Goddard-Finegold, 1998).

In addition to respiratory instability, premature infants also lack physical strength
and control (Alyward et al., 1984). Infant maturation is believed to occur in a sequential,
well-defined, caudocephalad pattern from lower to upper extremities and from distal to
proximal (Allen & Capute, 1990), yet some studies suggest that extrauterine exposure
may accelerate maturation (Forslund & Bjerre, 1983; Majnemer et al., 1992).

Gestational age, which measures the infant’s age beginning at conception, is most
frequently used to assess the neurobehavioral status of infants (Alyward et al., 1984).
However, gestational age is not always the best measure of infant maturation, because
time outside the womb is also important to maturation. Using chronological age as a
measure of maturation distinguishes infants of the same gestational age but with different
birth dates. Premature infants demonstrate a wider range of responses to items on
standardized neonatal neurological exams than their full-term peers (Mercuri et al.,
2003). This difference in responses occurs because two infants of the same gestational
age may have spent different amounts of time outside of the womb. Thus, comparison of
two infants with same gestational age but different birth dates may show that the two
infants exhibit very different levels of maturation. In fact, the chronologically older
premature infant may tolerate the CSS better than a chronologically younger premature or

full-term infant.
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Currently, it is not known whether chronologically older infants may better
tolerate being positioned in a CSS than chronologically less mature infants. Therefore
research is needed to determine whether chronological age is a variable for identifying
infants at risk for oxygen desaturation events in their CSS.

Head/Torso Control

In 1993, Bass et al. were the first to suggest that the physical exam characteristics
of infants may be useful in determining their readiness to be placed in a CSS.
Pediatricians were asked to recommend full-term infants for a study that would test their
ability to maintain stable blood oxygen saturations when positioned in their CSS (Bass et
al., 1993). Four of the 28 infants chosen for participation had chromosomal aberrations,
resulting in low muscle tone and poor head control. All of the infants with these
chromosomal aberrations failed to maintain stable oxygenation. Furthermore 46% of the
selected full-term infants had either demonstrated oxygen desaturation events or had
borderline [CSC results (Bass et al., 1993). These results demonstrate that skilled
clinicians may have the ability to detect at-risk infants based on physical exam
characteristics.

Research on infant development has shown that preterm infants demonstrate
varying degrees of head lag when pulled to a sitting position (Allen & Capute, 1990;
[loeje, Obiekwe, & Kaine, 1991; Koumudi, Barve, & Chaudhari, 1997; Molteno,
Magasiner, Sayed, & Karplus, 1990). Mature responses to head lag are not usually seen
until a premature infant reaches term gestation (40 weeks) or beyond (Allen & Capute,
1990; Ilogje et al., 1991; Koumudi et al., 1997; Molteno et al., 1990). Some researchers

have found that premature infants may have less well-developed head/upper torso control
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than their full-term peers at hospital discharge due to lower scores on nuchal flexor and
extensor muscle tone (Allen & Capute, 1990; Mercuri et al., 2003) However, others have
shown that head/upper torso control in the sitting position may actually be better in some
preterm infants than in their full-term counterparts (Forslund & Bjerre, 1983). Infants
with more head/upper torso control may better tolerate being positioned in a CSS
(Brazelton, 1984).

Infant head/upper torso control can be measured by the degree of head lag, a
widely used marker of neurobehavioral status (Brazelton, 1984; Lester & Tronick, 2002;
Prechtl & Beintema, 1965). To date, no investigations were found on the relationship
between head/upper torso control and oxygen desaturation events of premature infants.
Two devices designed to provide head support in CSS have been tested for their ability to
prevent oxygen desaturation events (Dollberg et al., 2002; Tonkin et al., 2003) (see
Appendix B), yet neither device was proven completely successtul. The failure of these
head support devices to prevent oxygen desaturation events may be due to their
suboptimal design. The investigators failed to take into consideration that as infants
relax, their bodies can shift downward, causing fung compression. In both studies, the
support devices were designed to support the infant’s head but not the torso.

Infants lacking sufficient head/ upper torso control may be at increased risk for
airway occlusion and oxygen desaturation events when in the semi-upright seating
position (Carlo et al., 1989; Tonkin, 1998; Tonkin et al., 2003). A measurement of head
lag, such as the pull-to-sit maneuver, allows researchers to assess the strength of both the
head control (nuchal musculature) and upper body strength (torso musculature) of an

infant (Brazelton, 1984; Lester & Tronick, 2002; Prechtl & Beintema, 1965). Two
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commonly used measures of head control and upper body strength are the pull-to-sit
maneuver and the traction test (Brazelton, 1984; Lester & Tronick, 2002; Prechtl &
Beintema, 1965). An increase in head lag indicates poor head/upper torso control,
whereas decreased head lag indicates better head/upper torso control.

Most neonatal clinicians who are trained to perform newborn physical exams
already possess the skill to evaluate head/upper torso control. Identification of a
relationship between the measure of head/upper torso control in premature infants and
oxygen desaturation events in CSSs could provide a valuable indicator of at-risk infants.
In the future, measurement of the infant’s head lag may be used with other risk factors
and [CSC testing to assess whether an infant should travel in a CSS or car bed at hospital
discharge.

Sleep

Callahan and Sisler (1997) found that infants considered too young to sit, spend
approximately 0-16 hours a day (M 5.7 +/- 3.5 hours) in a seating device. New CSSs
enable parents to transfer infants in the seating device from the car, stroller, plane, or
house without disturbing the infant’s sleep (Elite Car Seats, 2000-2004). This method of
handling an infant represents a significant change in infant care, and the developmental
effects of this change are not presently known (Callahan & Sisler, 1997).

The role of sleep in relationship to body position and breathing has been
researched extensively (Holditch-Davis et al., 1994; Manning & Stothers, 1991; Mok et
al., 1988; Orr et al., 1985). During sleep, the body relaxes and can slump over, resulting
in poor positioning (Hertz et al., 1994; Nagase et al., 2002). Furthermore, laboratory

studies have shown that poor positioning during sleep can lead to posterior mandibular
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movement and airway occlusion (Tonkin, 1998). In addition, breathing pauses are
prolonged when premature infants sleep, which can contribute to a hypoventilatory state
(Holditch-Davis et al., 1994). Furthermore, the sleeping infant is less likely to respond to
biofeedback mechanisms that enable him/her to correct poor alignment of the body and
breathing problems (Hertz et al., 1994; Nagase et al., 2002). Despite this knowledge, few
studies have examined the sleep/wake activity of infants in their CSS.

When in the semi-upright position of a CSS, infants have been noted to slouch
forward (Smith & Turner, 1990). This already compromised position may become worse
during sleep (Hertz et al., 1994; Nagase et al., 2002). To date, only two small studies
have examined the effect of sleep on breathing when infants are positioned in CSSs.
Hertz et al. (1994) concluded that sleep, rather than position, accounted for the increased
incidence of abnormal breathing events when 28 premature infants were positioned in
CSSs. This conclusion was based on finding that the infants experienced more periodic
breathing and spent more time sleeping in the car seat as opposed to the crib (Hertz et al.,
1994). In contrast, Nagase et al. (2002) found that infants slept more in their car seats,
and that there was a greater incidence of oxygen desaturation episodes and lower mean
blood oxygen saturation levels when 15 full-term infants were in the car seat versus the
car bed or cot. Thus, the role of sleep in relation to oxygen desaturation events of
premature infants positioned in their CSS remains unclear.

As mentioned above, seating devices are currently (and frequently) being used in
the US as a replacement for holding the infant or as an alternative to the crib (Callahan &
Sisler, 1997). As a result, the effect of sleep in relation to oxygen desaturation events in

infants placed in CSSs or other seating devices is an important matter. Continued
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investigation into this phenomenon is needed to provide neonatal healthcare providers the

information they need to adequately educate parents about risk factors for oxygen

desaturation events. Parents also need to know if using seating devices may have long-

term implications for their infant in terms of behavioral, cognitive, and motor outcomes.
Summa

In 2003 Williams and Martin reported that 75% of institutions nationwide
perform some method of predischarge testing to identify premature infants at-risk for
CSS related oxygen desaturation events. This large percentage confirms that neonatal
healthcare providers are concerned about the safety of premature infants during travel,
yet an extensive literature review revealed no investigations on the stability of the one-
point ICSC. One cannot be certain that a premature infant who passes a one-time ICSC
will pass the test a second time.

The proposed study was designed to shed new light on the issues of car seat safety
for the premature infant. If the ICSC is found to yield stable results upon repeat testing,
then neonatal healthcare providers will be more confident about using the ICSC as a
predischarge screening tool. In contrast, if the ICSC is not found to be stable, then
neonatal healthcare providers could consider discontinuing or combining it with other
measures. Moreover, this study provides a greater understanding about the frequency of
oxygen desaturation events in relation to such factors as chronological age, head/upper

torso control, and the length of time infants spend sleeping in their CSS.



CHAPTER IlI
PILOT STUDY
Introduction

Participation in this study required that parents agree to have their infants 1)
tested in their car seats on two separate occasions, 2) tested using a pull-to-sit maneuver,
and 3) medical record reviewed by the researcher. Because it was not known how
parents would respond to these procedures, a pilot study was conducted. The purpose of
the pilot study, conducted between December 5 and December 31, 2004, was to ensure
that the research plan and procedures for the formal investigation could be
operationalized. This chapter will identify which procedures were examined, the results
of this preliminary investigation, and how they influenced the formal investigation.

Purpose

The purpose of the pilot study was to evaluate the exact procedures that were to
be used in the formal investigation, including:

1. education of medical and nursing staffs

2. obtaining parental consent

3. conducting ICSCs and pull-to-sit maneuvers

4. data documentation

5. staff and parental notification of ICSC results and securing a car bed for trave]

Sample

Three premature infants who met the inclusion/exclusion criteria (Table 4) were

recruited by convenience sampling. These infant participants had similar ages, both

gestational (32-33 weeks) and chronological (17-22 days), but their races/ethnicities and
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medical diagnoses differed (Tables 5 and 6). Besides the diagnoses listed in Table 6,
participants were assessed for and found not to have apnea of prematurity, hypoglycemia,
hypotension, intraventricular hemorrhage grades I — IV, necrotizing enterocolitis, patent
ductus arteriosus, persistent pulmonary hypertension of the newborn, pneumonia,

pneumothorax, and retinopathy of prematurity.

Table 4

Pilot Study Inclusion/Exclusion Criteria

Inclusion Criteria Exclusion Criteria

e Premature infants born to English- e Orthopedic support / brace
speaking parents preparing for their o State custody
initial discharge home from the NICU | e Treatment with methylxanthines
or newborn nursery e Discharge home on oxygen
e Medical clearance by healthcare team
e No apnea, bradycardia, or oxygen
desaturation event for at least 48 hours
e Anticipated discharge date of less than
one week

Table 5

Demographics of Participants in Pilot Study (N =3)

- Gestational Age Chronological Age
ID# | Gender | Race/Ethnicity 2 Bith at Discharge ( da?fs) &
(weeks) (weeks)
100 VY 32 0/7 35 22
103 F W 32 5/7 352/7 17
105 M B 33 4/7 36 2/7 19
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Table 6

Delivery Routes and Medical Histories of Pilot Study Participants

Participant ID#:
100 | 103 | 105

Delivery Route
C-Section X X
Vaginal Delivery X

Discharge Diagnosis
Anemia X X X
Artrial Septal Defect X
Hyperbilirubinemia X X X
Respiratory Distress Syndrome X
Respiratory Distress
Sepsis Confirmed
Sepsis Presumed X X X
Transient Tachypnea of the Newborn X

Settin
The pilot study was conducted at an urban-based tertiary care medical center with
a Level | Newborn Nursery and Level III Neonatal Intensive Care Unit. The setting was
the same medical center used for the formal study. Before the pilot study was
implemented, it was approved by the Institutional Review Board (IRB) at the medical
center.

Staff Education

Before recruiting subjects, the researcher educated the medical and nursing staffs
in the Level I Newborn Nursery and Level III Neonatal Intensive Care Unit. This
education entailed informing the staff of their role in this study. All staff members were
given a research protocol pamphlet (see Appendix C) and asked to help identify potential

study participants.
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Recruitment
As planned, staff members who had been educated about the study identified the
potential participants and approached mothers to ask if they would be interested in
hearing about the study. All six mothers that were approached by the staff agreed to hear
about the study.

Consent Procedure

The 6 mothers met with the researcher, who explained the study and the
procedure for consent. Three mothers agreed to have their infants participate, and 3
mothers declined. The mothers who declined participation cited several reasons:

1. The infant had “been through too much already.”

2. “Ninety minutes in the car seat was too long” a time.

3. Father of baby refused participation after reading in the parent handout that
some infants, though rare, experience life threatening events in the child car
seat (CSS) and that these events may require resuscitation.

During the consenting process, each mother was given a parent handout
describing the study (see Appendix D), a consent form (see Appendix E), and a Health
Insurance Portability Accountability Act (HIPAA) form (see Appendix F) to review in
private. Most mothers shared this information with their significant others. After the
materials had been reviewed, the consent and HIPAA forms were signed by either the
mother, father (if married), or sometimes both parents with the researcher present. The
original consent and HIPAA forms were placed in the medical record. Two copies of
each form were made; one copy was given to the parents, and the other was retained by

the researcher. Once consent was obtained, the researcher informed the medical and
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nursing staffs that the infant would be participating in the study. When the infant
participants were approaching discharge, a member of the medical and nursing staffs
notified the researcher.

ICSC and Pull-to-Sit Procedures

Participation in the study required that each participant undergo two ICSCs (24
hours +/- 12 hours between tests) (see Appendix G), observation of sleep/wake state
(state observation; see Appendix H), and a single pull-to-sit maneuver (see Appendix I).
The ICSC measures the infant’s tolerance to being placed in the semi-upright seating
position and the pull-to-sit maneuver measures head lag (a measure of head/upper torso
control). Participants had to be in an appropriate sleep/wake state for the pull-to-sit
maneuver to be considered accurate; therefore an assessment of sleep/wake state was also
performed before obtaining that measure. Once a prospective discharge date was
secured, the researcher notified the research assistant (RA) and the participant’s parent(s)
of the schedule for the ICSCs and pull-to-sit maneuver.

The parent(s) of the 3 participating infants were asked to bring in their CSSs for
the ICSC tests. No difficulties were encountered in obtaining the infants’ own CSS from
their parents. All 3 infants were positioned according to the AAP recommendations.
Each participant completed two ICSCs with a range of 12-22 hours from ICSC 1 to ICSC
2. In addition, an RA performed a single pull-to-sit maneuver preceded by a state
observation for each premature infant participant. All of the ICSCs and pull-to-sit
maneuvers were performed during the appropriate timeframe; though some difficulty was
encountered in scheduling the pull-to-sit exams because 2 of the 3 infants were

discharged home on the weekend, when the RA was not available.
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Documentation

The researcher completed two ICSC Data Collection Forms (see Appendix J; the
first form documented the baseline ICSC, and the second form recorded the repeat ICSC)
and one Infant Demographics and General Data Collection Form (see Appendix K) for
each infant. During data collection, the researcher realized that the demographic data
collection form had no place to document the birth and discharge weights. In addition, a
problem arose in printing out the recordings from the Hewlitt Packard Viridia 24CT
cardiorespiratory monitor, leading to complete sets of printouts for only 2 of 3 infants.
This problem developed because the cardiorespiratory monitor had been accidentally
turned off before obtaining one of the monitor printouts. In contrast, recordings from the
Masimo Radical Oximeter were obtained for all 3 infant participants without incident.

Furthermore, the RA completed a single pull-to-sit measure (see Appendix L) for
each of the 3 participants. As outlined in the research plan, the researcher remained
blinded to the pull-to-sit maneuver findings. The RA had no difficulty performing the
pull-to-sit maneuvers. However, the researcher recognized that scheduling the pull-to-sit
exams for infants being discharged on a weekend would pose difficulties since the RA
was unavailable on weekends.

Notifying Parents and Staff of ICSC Results and Securing Car Bed for Travel

The parents of all 3 infant participants were notified about the ICSC results. Two,
infants passed both ICSCs and were discharged home in their CSSs. The parents of these
infants were given a handout explaining the limitations of the ICSC and educating them
about the use of child car seats (see Appendix M). The other infant participant failed

both ICSCs and was recommended for discharge home in a car bed. The parents of this
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infant were given a different handout explaining the limitations of the ICSC and the AAP
recommendation that their infant travel in a car bed at discharge (see Appendix N). This
handout also explained how to secure a car bed for travel if desired. At the parents’
request, the researcher assisted them in obtaining a car bed.

In addition, the nursing and medical staffs caring for each study participant were
notified of the ICSC results. One physician did not want to be informed of the ICSC
results because he felt that knowledge of failed ICSC tests would delay the hospital
discharge for those participants. Another problem that surfaced was the inability of the
study monitor, a staff physician, to execute his role of overseeing recruitment procedures
and reviewing failed ICSCs with the researcher. This inability was due to the physician
being overextended and not available for consultation.

In contrast, no problems arose when dealing with the nursing staff. One nurse
caring for the infant who had failed the ICSC reported that the infant experienced
intermittent oxygen desaturation events for approximately 30 minutes following the ICSC
test while positioned in a crib. This nurse reported that it was helpful to know the result
of the ICSC and that some infants undergo a period of recovery following a failed ICSC.
No problems were reported for the two infants who passed their ICSC.

Procedure Evaluation

No problems were encountered related to staff education, obtaining parental
consent, or securing a car bed for travel. However, the pilot study did inform the
researcher about five procedural problems related to conducting the ICSC, pull-to-sit

maneuvers, study monitor supervision, documentation and the notification of staff and
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parents about the ICSC results. These five problems and their resolutions are discussed
below.
Problem 1: Cardiorespiratory Monitor Recordings

While conducting one of the ICSCs, the Hewlitt Packard Monitor was
accidentally shut off; the on-off switch had been pushed instead of the alarm silence
button when transitioning the infant from the car seat back to the crib. This error resulted
in loss of study data, i.e., a recording of cardiorespiratory activity. Identifying this
problem during the pilot study raised the researcher’s awareness of the two switches, thus
preventing another accidental shutdown from happening a second time.

Problem 2: Pull-to-Sit Maneuver

The RA responsible for performing all pull-to-sit examinations was available
Monday thru Friday. Two participant discharges were scheduled over a weekend when
the RA was not working. The RA’s unavailability posed a challenge for ensuring that the
pull-to-sit maneuvers would be completed in the specified timeframe (within 36 hours of
the first ICSC). By scheduling the ICSCs to be completed at the beginning or end of a
weekend, all 3 pilot study participants were able to have pull-to-sit maneuvers completed
during the designated timeframe. Given this problem however other times were
anticipated when the RA would be unavailable to complete the pull-to-sit maneuver
within the designated timeframe; therefore an alternative plan was needed.

This problem was addressed by three options. The first option was to train two
alternate research assistants. The second option was to accept missing data for the pull-
to-sit exams. The third option was to extend the timeframe for obtaining the pull-to-sit

measure. Extending the timeframe by 24-48 hours would have required consulting a
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developmental expert to help the researcher determine whether infants would experience
a significant change in head control in that timeframe.

After exploring these options with the research committee, the first option was

chosen. This option was deemed the best because additional RAs would ensure that the
pull-to-sit maneuver would be completed not only during weekends, but also during
unexpected absences and vacations.

Two experienced registered nurses (RNs) volunteered to serve as additional RAs.
One was a neonatal nurse practitioner with 29 years experience caring for infants; she
worked every weekend. The other was a bachelor’s-prepared RN with 35 years of
experience in the neonatal field. Both of these individuals completed the necessary IRB
procedures and training for the sleep/wake state observations and pull-to-sit maneuver
sections of Neonatal Intensive Care Unit (NICU) Network Neurobehavioral Score
(NNNS). The researcher provided each RA many opportunities to observe and practice
these procedures. Once comfortable with the procedures, the RAs were observed
performing the procedures, with the researcher present, until they achieved interrater
reliabilities of at least 0.80 (see Appendix O).

Problem 3: Study Monitor Supervision

During the pilot study, the researcher and study monitor recognized that the
monitor could not fulfill the requirements of this position. The monitor therefore
withdrew from the position, which was filled by an alternate member of the medical staff.
This physician completed all necessary IRB requirements to serve as the study monitor.

To solidify this change, the researcher completed an IRB study protocol amendment
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form. Subsequently, this amendment was approved by the IRB. All pilot study
procedures and results were reviewed with the new study monitor.
Problem 4: Demographic and Medical History Data Documentation

The original Infant Demographics and General Data Collection Form did not
include a place to record the participating infants’ birth and discharge weights.
Therefore, the researcher submitted an application to the IRB requesting permission to
add birth and discharge weights to this form. Since the HIPAA consent form (see
Appendix F) stated that the researcher would have access to the discharge summary,
which included both the birth and discharge weights. The changes in the Data Collection
Form were approved by the IRB.

Problem 5: Reporting Study Results to Staff and Parents

The institution where the study was conducted did not routinely perform ICSC
testing of premature infants prior to discharge. During the pilot study, one physician
became concerned that knowledge of infant study results would extend the hospital stay
of infants who failed the ICSC, and requested that the study be blinded to medical and
nursing staffs. Furthermore, this same physician requested that the results of I[CSCs also
be blinded to parents of infants participating in the study since it was not known whether
the ICSC was a stable test. However, the researcher immediately recognized that
withholding this information, particularly from parents, would be unethical.

To resolve this ethical issue, several discussions were held between the
researcher, medical staff at the study site, and members of the dissertation committee.
The conclusion of these discussions was that blinding the study results from medical and

nursing staffs and from parents could jeopardize infant safety during and after the study.
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ICSC:s are standard practice in 75% of institutions nationwide. Although the
stability of ICSCs has not been proven, ICSC testing does provide parents with some
information about how their infant will tolerate being placed in a CSS during travel. If
difficulties in breathing are detected during the ICSC, the AAP recommends that the
infant be transported in a car bed rather than a car seat. Failure to inform parents of the
ICSC results and to provide them the option to transport their infant in a car bed may
place infants at risk for future breathing problems when in their CSS. For these reasons,
it would have been unethical to withhold the findings of the ICSCs from pareﬁts.

In addition to safety concerns during future travel, other issues about blinding the
study results were discussed. Infants have been repbrted to take approximately one-half
hour to completely recover from an oxygen desaturation event (Willett et al., 1986).
Therefore, infants who fail the ICSC must be closely observed for residual problems,
making it important for the medical and nursing staffs to know the ICSC results. Also,
parents of infants participating in the study wanted to discuss the study results with the
medical and nursing staffs intimately involved in their infant’s care. Such discussions
would not have been possible if the staff were blinded to the ICSC results. Moreover, it
would have been nearly impossible to blind the medical and nursing staffs to the ICSC
results. When preparing for discharge, parents of infants who had failed the ICSC were
to be given the option of transporting their infant in a car bed. Transporting an infant in a'
car bed at discharge would clearly convey the study results to staff, even if the study
results had not been openly discussed.

Due to these ethical and safety concerns, and because blinding the study was

nearly impossible, a decision was made to conduct the investigation as originally
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planned. The parties involved in this decision included the researcher, dissertation
committee members, the NICU medical director, and the Chair of Pediatrics.
Summary

After the pilot study was completed, the researcher presented a descriptive report
of the findings to the dissertation committee. The report contained an overview of the
pilot study and a description of the five problems encountered. Changes to the research
plan as described in this chapter were made upon advisement of the dissertation
committee. The pilot study report and revised research plan were then submitted to the

medical center’s IRB for review before proceeding with the formal investigation.
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CHAPTER IV
METHODS
Introduction

Premature infants may be at risk for oxygen desaturation events when they are
positioned in their CSS. Oxygen desaturation events may lead to hypoxemia and, if
undetected, may be associated with adverse behavioral, cognitive and motor outcomes
(Newburger et al., 1984; Perlman & Volpe, 1985). Parental observation of the infant’s
skin tone is insufficient to detect these events due to varying skin tones and hematocrits
(Lees, 1970; Miller & Martin, 1998). Thus, the American Academy of Pediatrics (1991;
1996; 1999) recommends that all infants born at less than 37 weeks’ gestation be
observed in their CSS prior to hospital discharge. This observation period, called the
Infant Car Seat Challenge (ICSC), is used to evaluate the need for travel in a car bed
instead of a CSS, but the stability of this test has never been studied.

This chapter presents the methodology for investigating the stability of the ICSC
and risk factors (i.e., sleeping in the CSS, chronological age, and head lag) that may be
associated with oxygen desaturation events experienced by premature infants in their
CSS. The study design; sample recruitment and characteristics; setting; procedures; and
data collection, management and analysis are described in this chapter.

Study Design

This study’s design was descriptive, non-experimental, and observational; there
was no manipulation of the independent variable, i.e., the two ICSCs of premature infants
(Polit & Hungler, 1995). A non-experimental, descriptive research design fits the

specific aims of this study and was used to describe 1) the pass/fail rates of premature
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infants following two observation points (ICSCs), 2) oxygen saturation and desaturation
patterns, sleep/wake activity, and a measure of head lag for premature infants over the
course of two ICSCs, and 3) the association between head lag, chronological age, time
spent sleeping in the CSS and oxygen desaturation events experienced by premature
infants during two ICSCs. This investigation was underpinned by four hypotheses:
Hypotheses
1. Premature infants who undergo two ICSCs will pass one test but not the other.
2. Premature infants with increased head lag will experience oxygen desaturation
events in their CSS.
3. Premature infants of decreased chronological age will experience oxygen
desaturation events in their CSS.
4. Premature infants who spend more time sleeping in their CSS will experience
oxygen desaturation events.
Sample
A convenience sample of 73 premature infants was initially targeted for
recruitment into this study. This sample size was calculated for the primary research
question (stability of the infant car seat challenge) using a 95% confidence interval
around an estimated 5% failure rate ranging between 0% (lower limit ) and 10% (upper
limit) when the number of infants tested is 73. However, the study was terminated early
because during data collection, it was realized that most infants had stable ICSC test
results. Upon consultation with the statistician, Dr. Carol Bigelow, it was determined
that the primary research question could be adequately answered with data from 50

participants. While a total of 52 participants had completed all study procedures, a
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miscommunication between the researcher and dissertation committee members
regarding whether or not pilot study data (N=3) could be included in the final analysis
resulted in a final sample size of 49 infants and a lower power for statistical analysis.

All 49 premature infants participating in the study underwent two ICSCs in their
own CSS. All participants were studied in infant style CSSs with a 3-point (n =5, 10%)
or 5-point harness (n = 44, 90%) system, and were positioned at a 45-degree angle of
recline. This angle was achieved either by using the car seat base when available (n = 30,
61%), or firm rolls when not available (n = 19, 38%). Head supports were used only if
they were manufactured as part of the original car seat design (n = 24, 49%). Lateral
blanket rolls (head to pelvis) were used along both sides of the premature infants (n = 49;
100%) to help maintain a midline position. Also, when needed, crotch rolls were used to
prevent the infants from sliding downward (n = 30; 61%). The time between the two
ICSCs ranged from 11 to 25 hours (M= 17.35, SD= 4.423).

The sample included infants from gestational ages between 24 and 36 weeks
(Tables 7 and 8). At the time of ICSC testing (hospital discharge), the corrected
gestational ages of the infants ranged between 34 and 40 weeks. Four infants were only
one-day-old when they participated; none of the infants were less than 1 day old.
Fourteen (29%) of the 49 premature infants were only 2 days old when they participated
in the study, and the oldest infant was 95 days old (Table 9). More than half (61%;n=
30) of the infants were less than 8 days old, with the remaining infants (39%;n=19) 8

days or older at the time of the ICSC.

51



Table 7

Chronological, Gestational and Corrected Gestational Ages of Participants

Mean Median Mode Range
Chronological Age (days) 13.8 4 2 1-95
Gestational Age (weeks) 33.82 35 36 24-36
Corrected Gestational Age (weeks) 35.82 36 36 34-40
Table 8
Participants’ Gestational Age at Birth
Gestational Cumulative
Age at Birth Frequency Percent Valid Percent
Percent
(weeks)
24 1 2 2 2
25 1 2 2 4.1
26 1 2 2 6.1
27 1 2 2 8.2
29 2 4.1 4.1 12.2
32 3 6.1 6.1 18.4
33 4 8.2 8.2 26.5
34 8 16.3 16.3 429
35 11 22.4 22.4 653
36 17 34.7 34.7 100.0
Total 49 100 100

The participants had been assigned various diagnoses commonly found in the
premature infant population (Table 10). The most prevalent diagnosis was
hyperbilirubinemia (47%, n = 23). Many infants had been evaluated for sepsis (45%, n =
22), but only 12% (n = 6) were presumed to be infected and none had positive bacterial,
viral or fungal cultures. At birth, 25% (n = 12) were diagnosed with respiratory distress
syndrome, 12% (n = 6) had transient tachypnea of the newborn, and 12% (n = 6) had
nonspecific respiratory distress. Furthermore, during their hospitalizations, 18% (n = 9)

of the participants were diagnosed with apnea of prematurity, 10% (n = 5) developed
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chronic lung disease, and 8% (n = 4) developed pneumothoraces. In addition, five sets of

twins (20%) participated in the study, but no infants from other multiple birth variations.

The participants’ list of diagnoses is similar to that of past NICU patient populations at

the study site. However, a detailed comparison of these two groups could not be made

because the discharge diagnoses of previous patients were not available.

Table 9

Participants’ Chronological Age at Discharge

Chronological Age at Frequency Percent | Valid Percent Cumulative
Discharge (days) Percent

1 4 8.2 8.2 8.2

2 14 28.6 28.6 36.7
3 4 8.2 8.2 449
4 3 6.1 6.1 51

5 1 2.0 2.0 53.1
6 2 4.1 4.1 57.1
7 2 4.1 4.1 61.2
8 3 6.1 6.1 67.3
9 1 2 2 69.4
12 1 2 2 71.4
14 1 2 2 73.5
15 1 2 2 75.5
18 2 4.1 4.1 79.6
21 1 2 2 81.6
22 2 4.1 4.1 85.7
25 1 2 2 87.8
46 2 4.1 4.1 91.8
62 1 2 2 93.9
66 1 2 2 95.9
74 1 2 2 98

95 1 2 2 100

Total 49 100.0 100.0
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Table 10

Participants’ Diagnoses at Discharge

Diagnosis Frequency Percent
Hyperbilirubinemia 23 47
Sepsis Suspect 22 45

| Anemia 14 29

}&mpiratory Distress Syndrome 12 25
Twin Gestation 10 20
Apnea 8 18
Hypotension 8 16
Transient Tachypnea of the Newborn 6 12
Presumed Sepsis 6 12
Respiratory Distress 6 12
Hypoglycemia 5 10
Chronic Lung Disease 5 10
Pneumothorax 4 8
Intrauterine Growth Retardation 4 8
Retinopathy of Prematurity 4 8
Other <2 <4

Table 11

Study Site NICU Patient Admission Diagnoses

Diagnosis ] Percent
Respiratory Distress Syndrome 56
Sepsis Suspect 49
Transient Tachypnea of the Newborn 12
Hypoglycemia 9
Intrauterine Growth Retardation 7
Feeding 5
Anemia 4
Apnea 3
Hypotension 2
Other <2

Note: Data are from 2003 admissions
Based on past NICU and newborn infant patient demographics at the study site,
premature infants participating in the proposed study were expected to have various

chronological ages (range= 23 3/7- 36 6/7 weeks), male and female genders, different
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races/ethnicities and medical diagnoses (see Table 11). Participants were also anticipated
to be born to families from diverse educational and financial backgrounds.

The study sample was representative of the newborn nursery and NICU patient
populations at the study site in 2003 (see Table 12). Of the 49 participating premature
infants, 23 (47%) were male and 26 (53%) were female. The infants’ birth weights
ranged between 740-3565 grams (M= 2226.59; SD= 667.59), and their weight at
discharge ranged from 1705-3580 grams (M= 2413.33; SD= 392.83). More white infants
(78%) participated in this study than other races. In addition, two-thirds of the infants
(67%) were born by Caesarean section; the rest were delivered vaginally (32%).

Table 12

Demographics of Participants vs. Other Infants Born at Studyv Site

Gender (%) Race/Ethnicity (%)
Male | Female | Asian | Black | Hispanic | White | Other

Study Participants 47 53 2 4 6 78 10

(n) (23) (26) M 2) 3) (38) ®)
All Premature
Infants at Study 57 43 4 7 9 59 21
Site (NICU, 2003)
All Newborns at 50 50 9 5 6 70 10
Study Site (2003)

Inclusion Criteria
All premature infants were born to English-speaking parents preparing for their
initial discharge from the NICU or newborn nursery, and received medical clearance by

their healthcare team to participate. The infants had been free of apnea, bradycardia, and
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oxygen desaturation for at least 48 hours. This criterion was determined by reviewing the
last 48 hours of the nursing flow sheet located in the infant’s medical record.
Exclusion Criteria

Infants were excluded from this investigation if they met any of the following
criteria. First, infants that were to be discharged home with an orthopedic support or
brace and thus did not fit well into the traditional upright CSS were not enrolled (n = 0).
The reason for this criterion was that infants with orthopedic supports or braces are
routinely recommended to travel in a specially designed car seat or car bed. Second,
infants who were in the custody of the state were excluded since parental consent could
not be obtained (n = 1). Third, infants requiring oxygen or methylxanthine treatment (for
apnea of prematurity) at the time of discharge were not enrolled (n = 0). Treatment with
these substances could have masked breathing problems. Also, apnea, bradycardia and
oxygen desaturation experienced by this high-risk group may or may not be associated
with being positioned in a CSS. Fourth, full-term infants were not included in this study
sample because they were not recommended for routine predischarge ICSC testing by the
AAP (1999) at the time of this study. Fifth, infants that were not monitored and who
failed the 30-minute oxygen saturation pre-screen test were not enrolled (n = 0). Sixth,
infants born to non-English-speaking parents were not enrolled (n = 0). This criterion
was established due to a lack of funds for translating reading materials into other
languages. Lastly, one infant was diagnosed with a pneumothorax when she was
attached to the cardiorespiratory and oxygen saturation monitors; she was immediately
referred to the NICU medical team for treatment and entered the study following

recovery.
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Attrition

As anticipated, attrition was low during the course of the investigation. Only 2
infants were withdrawn from the study after their parents had signed consents to
participate. The first infant was withdrawn before any study procedures commenced.
The mother of this infant stated that 90 minutes was too long for her infant to spend in the
car seat. The second infant was withdrawn after failing the first ICSC because the
parents cited concern for their infant’s safety and did not want their infant to undergo a
second ICSC. This infant was discharged home in a car bed.

Recruitment

Following the pilot study, recruitment into the formal investigation continued
without interruption. Recruitment occurred any time after birth and before hospital
discharge as long as the infant’s condition was not considered life-threatening. For
infants who were hospitalized for a prolonged period, no study procedures (i.e.,
identifying potential subjects by the staff, obtaining permission from the medical team,
and obtaining informed consent) were begun until it was determined that the infant was to
be discharged home from the study site. This determination was needed because some
infants were transferred to institutions closer to home before discharge, which excluded
them from the study. In contrast, for infants who were expected to be discharged within
2-4 days of birth, procedures to identify potential participants, to obtain permission from
the medical team and to obtain informed consent were completed as soon as possible
after birth to leave time to complete their participation in the study.

As planned, the nursing and medical staffs identified potential study participants

and notified the researcher. Once the researcher verified that a potential infant participant
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met the study criteria and was nearing discharge, the staff nurse or physician asked the
mother or both parents if they were interested in hearing about the study. Only two
mothers refused to hear about the study. One of those mothers reported having prior
experience with car seat testing of twin premature infants and was not interested, but did
not elaborate further. The other mother gave no reason for declining. Another five
parents (either the mother or both parents) declined to participate after the researcher had
explained the study. The reasons for declining to participate were as follows:

1. Two sets of parents said that it was not possible to have their infant car seat

available prior to discharge.

2. One mother said that she liked the car seat that she had already purchased.

3. One set of parents never declared their desire to sign consent once they had

the opportunity to review it.

4. One mother stated she was having difficulty breast feeding and that the testing

procedures would cause further disruption.

Parent(s) of the premature infant participants signed consent and HIPAA
authorization forms before any study procedures were begun. Premature infants who met
the inclusion criteria and whose parents consented to their participation were enrolled in
the study. No infants were excluded from participation based on their gender or
race/ethnicity. As noted under exclusion criteria, full-term infants were excluded from
this study. At the time data collection was to begin, all 49 premature infant participants

had been preparing for hospital discharge, and therefore were in good health.
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Informed Consent

The researcher informed parent(s) of infant participants about the purpose of the
study and what was expected of them and their infant during the data collection
procedure. This information was included in a pamphlet (see Appendix D), which was
given to parents along with informed consent (see Appendix E) and HIPAA forms (see
next section) to review in private. Each consent form displayed the infant’s name, the
purpose of the study, risk and benefit information, as well as the procedure for
withdrawing from the study. The parent(s) were given the opportunity to ask questions,
which were answered by the nurse researcher.

HIPAA Authorization Form

After signing the informed consent, parents of infants meeting eligibility criteria
were also asked to sign the HIPAA form (see Appendix F), which authorized the use and
disclosure of health information for research purposes. The disclosure data required for
this investigation included obtaining medical history and physical health information, and
the discharge summary or newborn’s medical record if no discharge summary was
available. This study did not require the disclosure of highly confidential information.
The authorization remained in effect until the researcher reviewed the discharge summary
or birth record.

Ethical Considerations

Parents of study participants were informed that participation in this study
involved some risks to the infant (see Appendices D and E). The researcher explained
that some infants would experience minimal discomfort when the cardiorespiratory and

oxygen saturation monitoring leads were removed because they were sticky. This
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discomfort was explained as being equivalent to the discomfort felt when a Band-Aid is
removed. The researcher also explained that the leads might leave a red mark on the
skin, and that this redness usually subsided within a couple of hours.

Also, it was explained to parents that the greatest risk was the rare possibility that
an acute life-threatening event (respiratory arrest) would occur when their infant was
positioned in a car seat. Therefore, the controlled setting of the NICU had been chosen as
the desired site for performing this study. In the NICU, medical staff was immediately
available to respond to any life-threatening events. Life-threatening events requiring
medical team intervention during data collection procedures were to be reported to the
IRB/Human Subjects Committees at the medical center.

One life-threatening event to an infant participant was identified while the
monitoring instruments were being set up. The researcher and NICU medical staff
diagnosed this infant with a pneumothorax. The researcher and study monitor
determined that the pneumothorax was a preexisting condition that had gone
unrecognized by the medical personnel caring for the infant. The study monitor and IRB
staff determined that this event was not related to the study, but recommended that the
event be reviewed by the morbidity and mortality committee within the institution. This
committee confirmed the IRB staff and study monitor’s determination.

In contrast to these risks, the benefit of participating in this study was that parents |
gained some understanding of how their infant would do when positioned in his/her car
seat at discharge. Parents were informed that identification of problems might prevent
their infant from experiencing potentially harmful oxygen desaturation events during

travel. No financial incentives were offered to the premature infants or their families for
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participating in this study. The risk-benefit ratio assessed for this study was minimal risk
and an important benefit.

Data were gathered from the two ICSCs, from the pull-to-sit maneuver, and from
observations of sleep/wake activity. Medical records were also reviewed by the
researcher for data on infants’ date of birth, gender, race/ethnicity, type of delivery,
birth/discharge weights, and discharge diagnosis list. The data from testing and the
medical record were used only for research purposes. Infant names did not appear on any
forms. Instead, all infant participants were identified by identification (ID) numbers to
protect their identity.

Permission to conduct this study was obtained from the nurse researcher’s
dissertation committee, the University of Massachusetts Worcester, and the study site’s
IRB. In addition, verbal approval of the study was obtained from each participant’s
attending/covering physician in the NICU or Newborn Nursery.

Settin

This study was conducted between 12/31/04 and 06/02/05 at a large, urban,
tertiary healthcare institution that delivered approximately 1500 infants each year. The
institution housed a level I Newborn Nursery and a level III NICU, which collectively
cared for approximately 300 in-born premature infants and approximately 38 out-born
premature infants in 2003. The large number of premature infants served by this
institution enabled easy access to potential study participants.

Accessible Population
Of the 112 premature infants born at the study site from 12/1/2004 through

6/2/2005, 3 died and 37 were transferred before discharge to an alternative hospital that
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was closer to their home. The remaining 72 premature infants were discharged directly
to home. Of these remaining 72 infants, only 1 infant was excluded from the study.
Therefore, 71 of the 118 premature infants delivered were eligible for participation.

Data Collection

The nurse researcher and 3 research assistants (RAs) collected the data. The
nurse researcher is a certified neonatal nurse practitioner with 20 years of nursing
experience and 14 years of experience in caring for premature infants. She was
responsible for overseeing the entire research project and for ensuring that it was carried
out as outlined in this proposal. Her responsibilities included 1) obtaining IRB approval,
2) managing the financial aspects of the project, 3) recruiting subjects, 4) obtaining
signed informed consent and HIPAA authorization from parents(s), 5) performing ICSCs
and collecting data, 6) maintaining validity and reliability of procedures, and 7) managing
and analyzing data. The 3 RAs were responsible for measuring head lag of all
participants using the pull-to-sit maneuver. The RAs chosen for this investigation were a
master’s-prepared RN and maternal child health educator with 34 years of experience in
caring for perinatal patients, an RN, and a neonatal nurse practitioner. The last two RAs
each had 30 years of experience caring for neonatal patients. Their experience and
availability (7 days a week coverage) made these nurses excellent candidates to serve as
RAs.

In addition to the nurse researcher and RAs, medical and nursing staffs were
responsible for identifying potential study participants, evaluating each premature
infant’s readiness for discharge, and asking parents if they would be interested in learning

about this study. One attending physician served as the study monitor. The role of this
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physician was to review recruitment procedures and any failed ICSCs with the nurse
researcher.
Personnel Training

Educating Staff

The researcher provided introductory informational in-service training to the data
collection site’s ancillary personnel, nursing and medical staffs to acquaint them with all
aspects of the study. This information included the purpose of the study, the roles of key
personnel, and study procedures. The staffs were given the opportunity to ask questions
and have them answered. Contact information and written procedures outlining the study
were made available in a research protocol pamphlet (see Appendix C) to each staff
member in the NICU and Newborn Nursery.

Educating Research Assistants

The researcher taught the RAs how to perform the state assessment, pull-to-sit
maneuver and how to score these measures of several infants before starting the
investigation. Examination and scoring of infants continued until the researcher was
satisfied that the RAs were performing the assessment and technique correctly, that they
had gained a comfort level with the procedure, that they had an opportunity to have
questions about scoring answered and until their scoring reached an interrater reliability
0f 0.80 (see Appendix O).

Study Variables

Data were collected for the following study variables: 1) testing each premature

infant in his/her car seat on two separate occasions (ICSC), 2) state observations of

sleep/wake activity, 3) the pull-to-sit maneuver, and 4) medical record review.
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Infant Demographics and General Data

Data on the infants’ demographics, gestational age, angle of CSS recline, and
medical history were collected by the nurse researcher and recorded on the Infant
Demographics and General Data Collection Form (see Appendix K).

1) Demographic data included the infant’s birth date, birth history, birth weight,

discharge weight, chronological age, gender, and race.

2) Gestational age was based on the clinical team’s best estimate of completed

weeks of gestation.

3) Angle of CSS recline was measured by the researcher during ICSC testing. A

Hempe Protractor model #2791 and level were used for this measurement.
The CSS make and model were also recorded.

4) Medical history included a list of each infant’s medical diagnoses since birth

and was collected from the discharge summary or newborn medical record.

Oxygen Saturation/Desaturation

Blood oxygen saturation/desaturation, a continuous variable, is not clinically
relevant > 93%, but levels below 93% can increase morbidity and mortality. When
oxygen saturation levels are kept at > 93%, rates of sudden infant death are reduced,
weight gain and development is better, pulmonary artery pressure and airway resistance
is reduced 50%, and hypoxemic events are reduced (Poets, 1998). As detailed below (see
Scoring the ICSC), an oxygen desaturation event was defined as one or more of four
conditions that produce oxygen desaturation.

Infant Car Seat Challenge (ICSC). Oxygen desaturation events were measured by

the ICSC, a 90-minute predischarge test of the premature infant’s tolerance to being
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placed in his/her CSS. Infants who experienced at least one oxygen desaturation event in

their CSS (see scoring below) failed the ICSC. Pass/Fail outcomes of the two ICSCs

were used by the researcher to determine overall ICSC outcomes (see Table 13) and thus

an infant’s ability to tolerate the CSS. Since no standardized method existed for

conducting an ICSC, one was developed specifically for this investigation (see Appendix

G). Validation of the ICSC is described below (see ICSC reliability and validity).

Table 13

Possible Scenarios Leading to ICSC Qutcomes

ICSC Test #1 ICSC Test #2 Outcome
Pass Pass Pass
Fail Fail Fail
Pass Fail Fail
Fail Pass Fail

Infants who had not been monitored in the nursery were monitored in their crib

for 30 minutes before each ICSC. This observation ensured that the infants’ baseline

oxygenation was stable (> 93%). If the infant’s baseline oxygenation was not stable in

the crib or if significant apnea, bradycardia or oxygen desaturation was detected, the

infant was excluded from the study and was referred to the medical team for evaluation.

No infants were excluded from the study for a baseline oxygen saturation of less than

93%. Infants with stable oxygen saturation in their crib participated in two ICSCs (see

Appendix G).

After the 30-minute prescreening test (if applicable), the researcher attached leads

and cables to the infant from the cardiorespiratory and oxygen saturation monitoring

devices. These measuring instruments, which indirectly measure heart rate, respiratory

rate and oxygen saturation, had been chosen because they caused minimal discomfort to
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the infant. Cardiorespiratory and oxygen saturation readings were obtained continuously
and recorded throughout the ICSC.

The researcher positioned infants in their own CSS at a 45° angle (AAP, 1999).
Using the infants’ own CSS for this investigation posed both benefits and limitations.
One benefit was that parent(s) were given information about how their infant tolerated
being in his/her own CSS. Another benefit was that in the “real world” infants are almost
always tested in the CSS in which they will travel at discharge (Children's Hospital
Boston, 2004). Limitations to using the infants’ own CSS were anticipated. One concern
that using the infants’ own CSS might affect the [CSC test results. Another concern was
that it would be difficult to set different seats at a 45° degree angle of recline. In fact the
latter limitation was not encountered.

Scoring the ICSC. Because oxygen saturation/desaturation of 93% or above is

not clinically meaningful, this variable was scored categorically. Data collected for each
90-minute [CSC were recorded by the nurse researcher on a separate copy of the ICSC
Data Collection form (see Appendix J). This form was also used to record total sleep
time (sleep/wake activity) during the ICSC.

In this study, an oxygen desaturation event was defined as one or all of the
following: 1) apnea for > 20 seconds, 2) more than two consecutive episodes of periodic
breathing (lasting 3 to 20 seconds and interrupted by tachypnea [respiratory rate >70]),
which are associated with oxygen desaturation of <93%, 3) bradycardia (heart rate of <
80 beats per minute) without spontaneous recovery, and 4) oxygen saturation of <93 %
without spontaneous recovery. Spontaneous recovery was defined as a consistent rise in

heart rate or oxygen saturation within 10 seconds without intervention. A spontaneous
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recovery time of 10 seconds was chosen because brief (< 4 seconds) decreases in oxygen
saturation may be normal for older premature infants and not clinically significant unless
repeated (Poets et al., 1991). For premature infants with a persistently low resting heart
rate (<100 beats per minute), a fall in heart rate greater than 20% without spontaneous
recovery was considered a bradycardic episode. For this study, conservative parameters
for apnea, bradycardia and desaturation were based on prior investigations (Bass &
Mehta, 1995; Bass et al., 1993; Merchant et al., 2001) and chosen to ensure participant
safety until more information is known about safe oxygen levels for infants.

In addition, a plan was in place to watch for premature infants with a persistently
elevated respiratory rate (greater than 20% from baseline), short frequent oxygen
desaturations, or a labored breathing pattern during the ICSC, but who did not meet
criteria for a failed test. Such infants were to be discussed with the medical team to
develop recommendations for parents. However, no participant met these criteria. All
infants experiencing breathing difficulty met criteria for a failed ICSC.

Any infant who experienced an oxygen desaturation event failed the ICSC, was
removed immediately from the CSS, returned to the crib, and monitored until his or her
cardiorespiratory status stabilized. Infants who did not experience an oxygen
desaturation event during either of the two ICSCs passed the ICSC (Table 13). Thus, a
passed ICSC indicated that an infant tolerated the CSS. The parent(s) of infants who
passed both ICSCs were given a letter explaining the testing limitations and procedures to
keep their infant safe during travel (see Appendix M). Infants who failed either ICSC
were recommended for travel in a car bed, and their parent(s) were given a letter

discussing the pro and cons about car beds and information about how to obtain a car bed
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if desired (see Appendix N). These letters were given to parent(s) by the researcher
immediately following the second ICSC.

ICSC reliability and validity. Several steps were taken to ensure the reliability of

the monitoring equipment used for the ICSCs. First, before each ICSC, the researcher
checked that the biannual electrical safety and performance testing met the
manufacturer’s guidelines and had been completed by the hospital’s clinical engineering
department. Confirmation of biannual testing was verified by a label located on each
piece of medical equipment. The existence of this label was documented on the ICSC
data collection form. Second, a Masimo Radical oximeter with Signal Extraction
Technology (SET) was selected for use in this study. The Masimo SET pulse oximeter
substantially eliminated problems with motion artifact and low peripheral perfusion
(Masimo Corporation, 2004). This oximeter had been clinically validated with 99%
SpO; sensitivity and 97% SpO; specificity (Masimo Corporation, 2004). Third, heart
rate was measured by two methods, cardiorespiratory and oxygen saturation monitors,
which were compared to detect false readings. This comparison decreased the likelihood
of inaccurate readings. Fourth, cardiorespiratory and oxygen saturation recordings
strengthened the reliability of this study by enabling the researcher to review questionable
events.

Finally, the ICSC procedure used in this study had been validated by four
neonatal clinical experts in car seat testing of premature infants. After reviewing the
ICSC procedure, all of these experts confirmed that it was similar to the procedure used

in their hospitals (J. Bass, personal communication, August 25, 2004; K. Gustafson,
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personal communication, September 10, 2004; K. Nash, personal communication,
September 20, 2004; S. Young, personal communication, September 17, 2004).

Sleep/Wake Activity and Head Lag

Clinical observations of sleep/wake activity and head lag (as measured by the
pull-to-sit maneuver) were scored using the appropriate subscales of the NICU Network
Neurobehavioral Scale (NNNS). The NNNS was designed to comprehensively examine
full-term, preterm and at-risk infants exposed irn uftero to substances taken by the mother
(Lester & Tronick, 2002). These subscales were chosen because they provided more
options for scoring sleep/wake activity and head lag than subscales from the more
widely-known Neonatal Behavioral Assessment Scale (Brazelton, 1984). The NNNS
subscales enabled the researcher and RAs to distinguish subtle differences in infant
responses.

Scoring sleep/wake activity. Each infant’s baseline sleep/wake activity was

measured by the RAs before the pull-to-sit maneuver, and total sleeping time was
determined by the researcher during the two ICSCs. Sleep/wake activity was scored
using the six state observations (1-6) of Lester and Tronick (2002), where 1 indicates
deep sleep, 2-5 indicate increasing alertness, and 6 indicates inconsolable crying (see
Appendix H).

The time each infant spent sleeping in the car seat was recorded by the researcher.
However, time itself was not a reliable indicator of risk for oxygen desaturation events
because time spent in the CSS could vary among the participants. For instance, all
infants who passed the ICSC would spend 90 minutes in their CSS, while those who

failed the ICSC were removed from their CSS as soon as they met the criteria for failure.
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Thus, infants who were tested for longer times could spend more time sleeping merely
because they were in their CSSs for longer times. Therefore, to assess whether sleep was
a risk factor for oxygen desaturation events, the time (in minutes) spent sleeping in the
CSS was normalized by expressing it as a percentage of total time spent in the CSS. This
normalized time spent sleeping in the CSS was calculated by adding the time spent
sleeping, dividing by the time spent in the CSS, and multiplying by 100. Thus,

normalized scores for the time infants spent sleeping in their CSSs ranged from 0-100%.

Scoring the pull-to-sit maneuver. The pull-to-sit maneuver was easily scored
from 1-11 (ordinal scale) based on the quality of infant movement observed (Lester &
Tronick, 2002). Lower scores (1-4) indicate less mature responses (head can be lifted to
but not maintained in an upright position), median scores (5-7) indicate increasingly
mature responses (able to hold head upright briefly) and higher scores (8-9) indicate more
mature responses (able to maintain head in upright position). Scores of 10-11 suggest
abnormal or hypertonic responses.

Sleep/wake activity and pull-to-sit reliability and validity. While the test-retest

reliability of the NNNS is available, test-retest reliabilities for the sleep/wake activity and
pull-to-sit subscales have not been determined (Lester & Tronick, 2001). In the present
study, reliability of the NNNS subscales was assured by having the researcher, a certified
NNNS trainer, educate the RAs to perform and score the sleep/wake activity and pull—to-’ )
sit assessments. After the 3 RAs had learned to perform the assessments, the researcher
along with each of the RAs examined several infants until RAs and the researcher

assigned the same sleep/wake activities and pull-to-sit scores 8/10 times (.80). To
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enhance the reliability of the pull-to-sit measure, the RAs also worked together on four
separate occasions during the study to ensure that they scored infants in the same manner.
Scheduling Data Collection Procedures
Data were collected from each infant over 2-3 days by four procedures: 1) testing
in his/her car seat on two separate occasions (ICSC), 2) state observations of sleep/wake
activity, 3) the pull-to-sit maneuver, and 4) medical record review. Of these procedures,
the first 3 required careful scheduling.

Infant Car Seat Challenge

Once recruitment was completed, the researcher scheduled each infant for two
ICSCs to be done within 1 week of hospital discharge. Scheduling ICSCs required
considering infant feeding times and other infant-related procedures. The ICSCs were
scheduled 24 + 12 hours apart. Willett et al. (1986) reported that the recovery period for
infants after being placed in a CSS was >30 minutes. Allowing 12-36 hours between
ICSCs provided an extended washout period, while helping to ensure that infant
maturation between the ICSCs did not affect the study results. In addition, the selected
timeframe (12-36 hours) had been approved by a pediatric pulmonologist and
accomplished car seat safety researcher (T.B. Kinane, personal communication, June 6,
2004). Once an ICSC was scheduled, the researcher alerted the RAs about the need to
perform the pull-to-sit maneuver during the appropriate timeframe. Based on these
scheduling parameters, the researcher estimated that at least five months were needed to
complete data collection for all 49 infant participants (see Appendix P).

For infants failing one or both ICSCs, the time spent in the CSS varied (see Table

14, Appendix Q). Eleven of the ICSCs were failed at less than 30 minutes into the I[CSC,
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5 were failed between 30-60 minutes, and 1 was failed between 60-90 minutes. One

participant demonstrated extreme intolerance to the CSS; he spent less than 4 minutes in

his CSS for both ICSCs.
Table 14
Time to ICSC Failure
Time to Failure
) Mean Median SD Range
(min)
ICSC #1 28.13 17.5 27.72 3-75
ICSC#2 21.11 13 18.66 0-54

State Observations (Sleep/Wake Activity)

Since the pull-to-sit maneuver is ideally completed when the infants are in an alert
(4 or 5) state (Lester & Tronick, 2002), the RAs assessed the infant’s sleep/wake activity
(see Appendix H) before performing the pull-to-sit maneuver. During the 36-hour time
frame when the ICSCs were to be done, the RAs asked the bedside nurses caring for the
infant to contact them when the infant was alert. If the infant was not in state 4 or 5, the
puli-to-sit maneuver was postponed. However, because infants exhibit frequent changes
in state, it was sometimes necessary to perform the exam in a suboptimal state.

Pull-to-Sit Maneuver

The RAs used the pull-to-sit maneuver (see Appendix I) to measure the head lag -
of infant participants (Lester & Tronick, 2002), but this maneuver also assessed their
upper torso strength. The pull-to-sit maneuver was done by placing one’s thumbs in both
of the infant’s palms while holding onto the infant’s wrists as he/she was lying supine in

the crib. The examiner then pulled to extend the infant’s arms, initiating the infant’s
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automatic grasp of the examiner’s thumbs, and pulled the infant to a sitting position
(Lester & Tronick, 2002). Infants with an optimal response (score of 8-9) showed
increased tone and muscular resistance as they were pulled to the sitting position. These
infants would attempt to right the head so that it was midline with the trunk. For infants
who were not fully developed, the head would lag behind the body and head righting was
not always possible (scores < 7). Once in the sitting position, the infant was further
observed for the ability to bring the head up to midline (Lester & Tronick, 2002).

Data Management

Participant Identification

To ensure participant anonymity, names did not appear on any data collection
forms; only participant identification numbers were recorded. During the study, the nurse
researcher maintained a log book with the participants’ names and corresponding
identification numbers. After the study was completed, the log book was destroyed.

Organizing Data

Separate folders were maintained for each participant to hold all his/her data
collection forms (Pull-To-Sit Measure, Infant Demographics and General Data Collection
Form, and two ICSC Data Collection Forms). Also, the original signed consent form was
placed in the infant’s medical record, a copy was placed in the individual study folder,
and a second copy was given to the infant’s parent(s). Participant identification numbers
were documented on each folder and on the data collection forms. A label on the front of
each folder had boxes that were checked when the consent had been secured, the two

ICSCs were completed, and the pull-to-sit maneuver had been done.
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The data from the pull-to-sit maneuvers were not made known to the researcher,
who was performing the ICSCs. This blinding to outcomes was assured by having the
RA place the completed Pull-To-Sit Measure in a sealed envelope before returning it to
the infant’s folder. The RA signed her name across the envelope seal to thwart any
tampering with the results.

Storing Data

When not in use, the log book and folders were kept in a locked file cabinet that
was only accessible to the researcher in her private office at the study site. Once the data
collection procedures had been completed, the researcher moved the log books and data
collection folders to a locked file in her home.

Codebook

A codebook was developed by the researcher to code demographic information
and data obtained during the ICSC (see Appendix R). The researcher entered all data into
the Statistical Package for the Social Sciences (SPSS), version 11, except the data from
the pull-to-sit maneuver. These data in their sealed envelopes were given to a graduate
student who checked that the envelopes had not been tampered with and entered the data
into the SPSS program. The RAs’ intact signature indicated that the results had been
protected, and that the researcher remained blinded to the results. No results were
discarded due to absence of a signature. The accuracy of data entry for every fifth
participant was checked by a second graduate student. Several errors in data entry
detected by this graduate student prompted a review of data entries for all 49 subjects.

Inaccurate entries were corrected prior to data analysis.
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Missing Data

Data collection continued until complete data sets were obtained for 49

participants.
Comorbidity and Respiratory Illness Variables

To assess differences between study groups, the participants’ medical histories
first needed to be quantified. Available methods for scoring illness severity such as the
Score for Neonatal Acute Physiology (SNAP) (Richardson, Corcoran, Escobar, & Lee,
2001) or the National Therapeutic Intervention Scoring System (NTISS) (Gray,
Richardson, McCormick, Workman-Daniels, & Goldman, 1992) did not meet the needs
of this study. These illness severity scores are traditionally used to predict long-term
complications or well-being and are not used retrospectively. Therefore, the researcher
developed two scoring systems to describe the medical histories of the study sample: a
comorbidity score and a respiratory illness score. The researcher recognized that these
unweighted scores would only roughly estimate the level of illness for each study
participant. The comorbidity score was calculated by adding the number of diagnoses
assigned to each participant at hospital discharge. The respiratory illness score was
calculated by adding the number of respiratory illnesses experienced by each participant.
Each score was used as a categorical measure in data analysis.

Skewness/Recoding

Prior to analysis, data measured on a continuous scale was examined for normal
distribution using Fisher’s Measure of Skewness (Duffy & Jacobsen, 2001). Variables
with a skewness coefficient value of +/-1.96 were considered to be skewed; while

normally distributed data had a skewness coefficient value close to zero. Several
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variables were found to be skewed: gestational age, corrected gestational age,
chronological age, mean oxygen saturation (1), percent sleep time (1&2), comorbidity
score and the respiratory illness score (as previously discussed) (see Table 15). All of
these data were recoded categorically except for mean oxygen saturation (1), which was
used for descriptive purposes only.

Table 15

Evaluating Variables for Skewness

Fisher’s Significant . | Significant
Label Skewness gY N Kurtosis gl;,l N
*(estational age -5.74 Y 4.89 Y
*CGA 3.34 Y 4.78 Y
*Chronological age 6.99 Y 7.95 Y
Mean O2 1 6.23 Y 8.55 Y
Mean O2 2 -1.83 N -0.93 N
*Percent Sleep Time test 1 -2.36 Y -1.04 N
*Percent Sleep Time test 2 2.90 Y -0.92 N
Time Between Tests 0.54 N -2.0 N
Birth Weight -1.59 N -0.27 N
Discharge Weight 2.05 N 0.92 N
*Number Comorbidities 2.93 Y 0.57 N
*Number Respiratory Illnesses 3.69 Y 1.37 N

* Recoded to categorical variables

The recoding of these six variables was guided by several rationales. First, two
separate categories were developed for the gestational age of infants at birth (see Table
16). One category included infants born at 24-34 weeks gestation, while the other
included infants born at 35-36 weeks gestation. This distinction was based on the
minimal prematurity of infants born at 35-36 weeks gestation; they often do not require
advanced care and are admitted into the newborn nursery following birth. Second,
corrected gestational age was also coded into two categories: < 36 weeks and > 37 weeks

at discharge. These categories were based on infants being considered premature at
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discharge if their corrected gestational age is less than 37 weeks, whereas infants with a
corrected gestational age of 37 weeks or greater are considered to have reached term
gestation. Third, chronological age was also coded into two categories: < 7 days and > 7
days of life at discharge. The basis for this distinction was that all infants in the first
week of life undergo a period of rapid transition into the extrauterine environment and
may be more vulnerable than older infants to extrauterine stressors such as being placed
in the CSS. Fourth, percent of sleep time was recoded into 2 categories: infants who
spent < 80% of the time sleeping in the CSS and infants who spent > 80% of the time
sleeping in the CSS. This categorization was dictated by the median percent sleep time
for ICSC 1 (median 78 %) and 2 (median 83%). Median was chosen instead of the mean
because the data distributions were multimodal. This recoding enabled sleep time and
occurrence of oxygen desaturation events to be examined. Fifth, comorbidity and the
respiratory illness scores were also divided into two categories. This distinction was
based on infants with one or more comorbidities or who experienced at least one
respiratory illness during their hospitalization being considered sicker than infants with
only one comorbidity or no respiratory illness.

In addition to recoding continuous variables, the categorical variable head lag was
recoded into two categories: head lag <5 and head lag > 5. This re-categorization
enabled the researcher to differentiate between infants with immature head control and
those with moderate to mature head control. The cut point was dictated by the mean head
lag score (M = 4.53 or 5) and by the head lag score that divided immature (increased;

score < 5) and more mature (decreased; score > 5) head lag.
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Data Analysis

Data were analyzed by a combination of descriptive statistics and nonparametric
statistical tests. The decision to use nonparametric statistical methods instead of data
transformations was based on two characteristics of nonparametric analyses: 1) they
always provide valid inferences and do not rely on the underlying shape of the
distribution, and 2) they curtail the burden of meeting assumptions and analyzing data on
a transformed landscape. A small sample size and irregular data distributions further
dictated the need for nonparametric analyses. A detailed data analysis plan was
developed for each research question as follows:

Research Question #1
1) What are the pass/fail rates of premature infants who have undergone two ICSCs?

The researcher identified and described infants who 1) passed both ICSCs, 2)
passed one and failed the other ICSC, and 3) failed both ICSCs. In addition, differences
among infants in these 3 ICSC pass/fail groups were examined by Kruskal Wallis testing
of outcomes by demographic information and medical histories. The findings are
summarized in Chapter 5.

Research Question #2
2) What are the oxygen saturation and desaturation patterns, sleep/wake activity and
measures of head lag for premature infants who undergo two ICSCs?

Descriptive statistics (mean, standard deviation, and selected percentiles) and
graphical summaries are used in Chapter 5 to summarize oxygen saturation values of
infants in their CSS. Descriptive statistics (mean, standard deviation, and selected

percentiles) and graphical summaries are also used to describe the time that study
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participants spent sleeping in their CSS and the percentage (frequency) of infants that
exhibited mature and immature head lag.
Table 16

Recoding Skewed Variables Categorically

Variable Range Categorical n %
Gestational Age | 24-36 weeks }2 z ?513‘61 vazzﬁ ;; ;1;
Corrected 34- 40 weeks 1 =34-36 weeks 40 82
Gestational Age 2 = 37-40 weeks 9 18
Chronological 1 =<7 days of life 30 61
Age 1-95 days 2 => 7 days of life 19 | 39
Percent Sleep 0-100% 0 = < 80 percent sleep time 26 53
Time 1 ’ 1 => 80 percent sleep time 23 | 47
Percent Sleep 0-100% 0 = < 80 percent sleep time 22 45
Time 2 ’ 1 => 80 percent sleep time 27 55
Comorbidity 0 = 0-1 comorbidity 16 33
Score 0-10 1 =2 or more comorbidities 33 67
Respiratory 0-4 0 = 0 respiratory illness 22 45
Illness Score 1 =1 or more respiratory illness 27 55

<5 = immature 22 45
Head Lag -1 > 5 = moderately mature to mature 27 | 55

Research Question #3
3) Are variations in head lag, chronological age, and time spent sleeping associated with
oxygen desaturation events of premature infants in CSSs?

Bivariate analyses were developed to explore three hypothesized relationships. 1)
In unadjusted analyses, premature infants with less head control (as measured by greater -
head lag) are at higher risk of an oxygen desaturation event during an ICSC than infants
with greater head control. 2) In unadjusted analyses, premature infants with lower
gestational age, corrected gestational age and chronological age are at higher risk for an

oxygen desaturation event during an ICSC than their older counterparts. 3) In unadjusted
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analyses, infants who spend more time sleeping in their CSS are at higher risk for an

oxygen desaturation event during an ICSC than those who sleep less.
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CHAPTER V
RESULTS
Introduction
The purpose of this descriptive, nonexperimental, and observational study was to

explore the stability of the one-point ICSC by observing premature infants during a
second ICSC and risk factors associated with oxygen desaturation events. The specific
aims were to describe 1) the pass/fail rates of premature infants following two (ICSC)
observation points, 2) oxygen saturation and desaturation patterns, sleep/wake activity,
and head lag over the course of two ICSCs, and 3) the association between head lag,
chronological age, time spent sleeping in the CSS and oxygen desaturation events
experienced by premature infants during ICSCs. In this chapter, the results of the formal
investigation are presented.

Research Question #1

1) What are the pass fail rates of premature infants who have undergone two ICSCs?
The 49 premature infant participants had three ICSC outcomes: passed both
ICSCs (group 1), failed both ICSCs (group 2), or failed one ICSC (group 3) (Table 17).
The first group of infants (n = 37, 76%) passed both ICSC tests and therefore were
discharged home in their car seats. Only 5 (10%) infants failed both ICSCs, whereas 7
(14%) infants had pass/fail or fail/pass combinations. Of the 7 infants with pass/fail
combinations, 3 (6%) failed the first ICSC and 4 (8%) failed the second. Infants failing
one or both of the ICSCs were discharged home in car beds. Overall, §6% (n = 42) of

study participants had stable findings (pass/pass or fail/fail) from ICSC 1 to ICSC 2.
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Therefore the majority of premature infants had stable findings over the course of the two
test points.
Table 17

ICSC QOutcomes (N = 49)

ICSC Test | ICSC Test Frequency
Group n Outcome

#1 #2 %

1 Pass Pass 76 37 Pass

2 Fail Fail 10 5 Fail
Pass Fail 8 4

3 Fail
Fail Pass 6 3

Comparing ICSC Outcome Groups by Gender, Birth Route, and Race/Ethnicity

The 3 outcome groups did not differ significantly in gender, birth route and
race/ethnicity (p = 0.213, 0.775, 0.874, respectively; Kruskal-Wallis test; Table 18).
When the participants were divided into two groups, infants who passed both ICSCs (n =
37) and those who did not (n = 12), there was still no statistical difference in gender, birth
route and race/ethnicity (p = 0.809, 0.52, 0.61, respectively; Kruskal-Wallis test).
Therefore gender, birth route, and race/ethnicity did not influence the ICSC outcomes in
this sample of premature infants.

Comparing ICSC Outcome Groups by Age

Comparison of the gestational age, corrected gestational age, and chronological
age of participants in the 3 outcome groups revealed two statistically significant findings
(Table 19). The infants’ gestational ages at birth were significantly different among the

three outcome groups (p = 0.012, Kruskal-Wallis test). The mean gestational age of
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infants in group 2 (M = 32) was significantly lower than that of infants in group 1 (M =
33.78) and group 3 (M =35.29) (p = 0.014 and 0.005, respectively; Mann-Whitney test).
In addition, the chronological ages of infants in the 3 outcome groups differed
significantly (p = 0.008, Kruskal-Wallis test). The infants in group 2 (M = 26.20) were
significantly older chronologically than the infants in groups 1 (M =14.16) and 3 (M = 3)
(p =0.007 and 0.005, respectively; Mann Whitney test). In contrast, the corrected
gestational ages of infants were not significantly different among the 3 study groups (M =
35.81, 36, 35.71, groups 1, 2 and 3, respectively) (p = 0.424; Kruskal-Wallis test). Also,
when the participants were divided into two groups, infants who passed both ICSCs (n =
37) and those who did not (n = 12), there was no statistical difference in gestational age,
corrected gestational age, and chronological age (p = 0.569, 0.499, 0.363, respectively;
Kruskal-Wallis test). In summary infants failing their [CSC on two separate occasions
were born between 24-34 weeks gestational age and were hospitalized for longer than 1
week.
Comparing ICSC Outcome Groups by Health History

Infants in the 3 outcome groups were diagnosed with a variety of illnesses during
their hospitalizations (Table 20). Each participant was assigned a comorbidity and
respiratory illness score. All infants in group 2, the fail/fail group, experienced at least 2
comorbidities but the comorbidity scores of infants in the 3 outcome groups were not
statistically different (p = 0.12, Kruskal-Wallis test). In addition, the respiratory illness
scores of infants in the 3 groups were not significantly different (p = 0.2; Kruskal-Wallis
test). Moreover, when the participants were divided into two groups, infants who passed

both ICSCs (n = 37) and those who did not (n = 12), there was no statistical difference in
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comorbidity and respiratory illness scores (p = 0.954, 0.686, respectively; Kruskal-Wallis

test). Thus, the ICSC pass/fail rate was not influenced by the number of comorbidities or

the presence of respiratory illness.

Table 18

Gender, Birth Route and Race/Ethnicity of Participants by ICSC Qutcome Group (N =49)

ISCS Outcome Group
Pass/Pass Fail/Fail Pass/Fail
n % n % n %

All Participants 37 76 5 10 7 14
By Gender

Male 17 74 4 17 2 9

Female 20 77 1 4 5 19
By Birth Route

Vaginal 13 81 1 6 2 13

Caesarean 24 73 4 12 5 15
By Race/Ethnicity

Asian 1 100 0 0 0 0

Black 2 100 0 0 0 0

Hispanic 2 67 1 33 0 0

White 28 74 4 10 6 16

Other 4 80 0 0 I 20

Comparing ICSC Outcome Groups by Time between ICSCs and by Harness Types

The times between ICSC 1 and 2 were not significantly different among the 3

outcome groups (M = 17.16, 16.80, 18.71, groups 1, 2 and 3, respectively) (p = 0.742;

Kruskal-Wallis test) nor were the CSS harness types (M = 1.86, 2, 2, groups 1, 2 and 3,

respectively) (p = 0.413; Kruskal-Wallis test). When the participants were divided into
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two groups, infants who passed both ICSCs (n = 37) and those who did not (n = 12),
there was still no statistical difference in times between ICSC 1 and 2, nor in the CSS
harness types (p = 0.648, 0.184, respectively; Kruskal-Wallis test). Therefore neither the

time between the ICSCs nor the type of car seat harness influenced the ICSC outcomes.

Table 19

Gestational Age, Corrected Gestational Age and Chronological Age by ICSC Outcome

Group
Group Age n Range Mean SD

Gestational Age (weeks) 37 24-36 33.78 3.181

1 Corrected Gestational Age (weeks) 34-40 35.81 1.126
Chronological Age (days) 1-95 14.16 22.194
Gestational Age (weeks) 5 27-34 32.00 2.915

2 Corrected Gestational Age (weeks) 35-38 36.00 1.414
Chronological Age (days) 8-66 26.20 22.961
Gestational Age (weeks) 7 33-36 35.29 1.113

3 Corrected Gestational Age (weeks) 34-37 35.71 0.951
Chronological Age (days) 1-8 3.00 2.38
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Table 20

Frequency of Discharge Diagnoses for the Three JICSC Outcome Groups

Group 1 Group 2 Group 3
Diagnosis Frequency Frequency Frequency

" % % ! %
Hyperbilirubinemia 16 43 80 3 43
Sepsis Ruled Out 16 43 60 3 43
Anemia 11 30 60 -
Respiratory Distress
Synl()iromery 8 2 60 -
Apnea 7 19 40 -
Hypotension 7 19 20 -
Conjunctivitis - 40 -
Transient Tachypnea of | 6 -1 1 -
the Newborn
Patent Ductus Arteriosus 1 3 P
Hypoglycemia 5 4 - | -
Presumed Sepsis 5 14 20 | -
Twin Gestation 6 16 20 3 43
Chronic Lung Disease 4 11 P
Intrauterine Growth 4 0 -
Retardation
Respiratory Distress 4 11 20 1 14
Retinopathy of
Prematlzlrit;/ . 8 20 B
Intraventricular
Hemorrhage 2 ° B
Pneumothorax 2 5 20 1 14
Pneumonia | - 20 -
Feeding Disorder 1 3 -
Heart Murmur - 20 -
Hyperglycemia 1 3 20 -
Necrotizing Enterocolitis 1 3 -
Stridor 1 3 -
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Comparing ICSC Outcome Groups by Birth Weight and by Discharge Weight
The birth weights of infants in the 3 outcome groups were not significantly

different (M = 2244.97, 1713, 2496.29, groups 1, 2 and 3, respectively) (p = 0.124;
Kruskal-Wallis test) nor were their discharge weights (M =2448.32, 2187, 2390, groups
1, 2 and 3, respectively) (p = 0.347; Kruskal-Wallis test). When the participants were
divided into two groups, infants who passed both ICSCs (n = 37) and those who did not
(n = 12), there was still no significant difference in birth weights or in discharge weights
(p =0.508, 0.218, respectively; Kruskal-Wallis test). Hence, ICSC outcome was not

influenced by the birth weight or discharge weight of study participants.

Research Question #2

2) What are the oxygen saturation and desaturation patterns, sleep/wake activity, and
measures of head lag for premature infants who have undergone two ICSCs?
Oxygen Saturation/Desaturation Patterns

Continuous oxygen saturation levels were recorded with the Masimo Radical 4
oximeter during each ICSC. Mean oxygen saturation (SpO;) for all premature infant
participants during both ICSCs was 98% (Table 21). While the mean oxygen saturation
for group 1 was also 98%, the mean oxygen saturation levels for groups 2 and 3 were
95% and 97% respectively. The difference in mean oxygen saturation for the three
outcome groups can be attributed to several factors. First infants in groups 2 & 3 had
saturations of less than 93% for a longer period of time than group 1 resulting at least one
failed ICSC and overall lower mean saturation. Also due to their failed ICSCs infants in

group 2 & 3 spent less time in their CSS further influencing their mean oxygen
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saturations. Third there were many more infants in group 1 (n = 36) compared to group 2
(n = 5) and group 3 (n = 7) which may have also contributed to the difference in mean
oxygen saturation.

The oxygen saturation nadir (SpO,) was §2% during ICSC 1 and 83% during
ICSC 2 for infants in all 3 outcome groups (Table 22) (Figures 2 and 3). When the
means were compared for the 3 outcome groups, a significant difference was noted (p =
0.004, Kruskal-Wallis test) during ICSC 2. During ICSC 2, the mean oxygen saturation
nadir for groups 2 and 3 was significantly lower than that for group 1 (p =0.018 and
0.004, respectively; Mann-Whitney test). Moreover, when groups 2 and 3 were
combined, the oxygen saturation nadir of groups 2 and 3 together was significantly lower
than that for group 1 during ICSC 2 (p = 0.001; Kruskal-Wallis test), but not for ICSC 1.
Therefore, while all study participants experienced brief desaturations, infants who failed
at least one ICSC had significantly lower oxygenation nadirs than infants passing both
ICSCs. However the oxygen nadir could have also been influenced by differences in
testing time and the unequal sizes of the ICSC outcome groups.

Table 21

Mean Oxygen Saturation (SpO,) Values by ICSC Qutcome Group

ICSC 1 ICSC2
N % SpO, SD N % SpO, SD
All 48 97.8 1.80 48 97.95 1.63
Group 1 36 98.40 1.01 36 08.44 1.35
Group 2 5 94.58 3.08 5 95.76 1.52
Group 3 7 96.96 1.23 7 96.96 1.45
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Table 22

Oxygen Saturation Nadir (SpO,) by ICSC Outcome Group

ICSC 1 ICSC 2
n SpO, | Range SD n SpO, | Range SD
All 48 82.46 | 68-95 | 6.51 49 83.188 | 62-97 8.33
Group 1 36 83.83 | 68-95 | 7.19 36 85.67 | 73-97 6.76
Group 2 5 80.40 | 77-84 | 2.70 5 7420 | 62-89 9.73
Group 3 7 79.86 | 72-85 | 4.56 7 76.86 | 64-85 7.84

Figure 2

ICSC 1: Oxygen Saturation Nadir by ICSC Qutcome Group
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Figure 3

ICSC 2: Oxygen Saturation Nadir by ICSC Outcome Group
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Sleep/Wake Activity

The time that the infants spent sleeping (states 1 and 2) during each ICSC was
recorded and converted to percentage of sleep time relative to total time in the CSS.
Sleep time varied widely among participants (Table 23), but mean sleep time for ICSC 1
and 2 did not differ significantly among the 3 outcome groups (p = 0.416 and 0.546,
respectively; Kruskal-Wallis test) (Figures 4 and 5). Furthermore, when groups 2 and 3
were combined, sleep time for ICSC 1 and 2 did not differ between infants who passed
both ICSCs (group 1) and those who did not (groups 2 and 3) (p = 0.282 and 0.287,
respectively; Kruskal-Wallis test). Therefore percent of time participants spent sleeping

did not influence the ICSC outcomes.
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Table 23

Time Participants Spent Sleeping in their CSSs (N = 49)

Group . Percent Sleep Time Percent Sleep Time
ICSC #1 ICSC #2
Range 0-100 0-100
All 49 Mean 65.82 68.14
SD 31.82 35.61
Range 0-100 0-100
1 37 Mean 68.78 73.89
SD 30.47 30.49
Range 0-100 0-100
2 5 Mean 48.80 54.60
SD 41.07 50.69
Range 12-100 0-98
3 7 Mean 62.29 47.43
SD 33.10 44.67
Figure 4

ICSC 1: Percentage of Sleep Time by ICSC Quicome Group

Percent of Time Sleeping ICSC 1

120

100 {
804
60
40J

20

-20

37 5
1 2

Group Assignment 1,2,3

91




Figure 5

ICSC 2: Percentage of Sleep Time by ICSC Outcome Group
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Head Lag

Head lag of all participants was measured by the RAs using the pull-to-sit
maneuver. Two infants had their pull-to-sit exams completed outside the 36-hour time
frame that was outlined in the research plan. One infant was assessed for head lag 8
hours after the 36-hour time frame and the other was assessed 2 days later.

Efforts were made by the RAs to examine and score for head lag when all
premature infants were in an optimal sleep/wake state (state 4 or 5), though this goal was
sometimes difficult to meet due to frequent changes in the infants’ sleep/wake activity.
Of the 49 participants, 77% were in an optimal state (4 or 5) for scoring the pull-to-sit,
while 23% were in a sub-optimal state (Table 24). Despite this difficulty, no significant

difference was found in sleep/wake state among the 3 outcome groups (p = 0.44;
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Kruskal-Wallis test). While no difference was detected between outcome groups,
sleep/wake state has the potential affect pull-to-sit maneuver results.
Table 24

Participant Sleep/Wake State for Pull-to-Sit Maneuver

r Cumulative
Sleep/Wake State Frequency Percent
Percent
3 10 204 204
4 28 571 77.6
5 10 20.4 98.0
6 1 2.0 100.0
Total 49 100

The head lag scores for all participants ranged between 1 and 11 (M= 4.53; SD=
1.86) (Table 25). Head lag scores were not significantly different among infants in the 3
ICSC outcome groups (p = 0.778, Kruskal-Wallis test) (Figure 6). This finding did not
change when infants with suboptimal sleep/wake states, the infants measured outside of
the 36-hour time frame, and the hypertonic infant were removed from the analysis (p =
0.907, 0.951 and 0.799, respectively; Kruskal-Wallis test). While many participants
(45%) showed less mature responses (scores of 1-4, ability to lift but not maintain the
head in an upright position) over half (51%) of participants demonstrated moderately
mature responses to the pull-to-sit maneuver (head lag scores of 5-7, indicating an ability ’
to briefly hold the head upright) (Table 26). Only 2% of participants exhibited more
mature responses (scores of 8-9, indicating an ability to maintain the head in an upright
position), while another 2% of participants demonstrated an abnormal or hypertonic

response to the maneuver (scores of 10-11). Furthermore, when the participants were
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divided into two groups, infants who passed both ICSCs (n = 37) and those who did not

(n=12), there was still no statistical difference in head lag scores (p = 0.686; Kruskal-
Wallis test). This finding suggests that pull-to-sit exam (head lag score) results do not

influence ICSC outcomes.

Table 25

Sleep/Wake State and Head Lag Scores

Group 0 Sleep/Wake State Head Lag Score
Score
Range 3-6 1-11
All 49 Mean 4.04 4.53
SD 0.71 1.86
Range 3-5 1-11
1 37 Mean 4.03 4.54
SD 0.73 1.91
Range 3-5 3-5
2 5 Mean 3.80 4
SD 0.84 1
Range 4-7 1-7
3 7 Mean 429 4.86
SD 0.49 2.19
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Figure 6

Head Lag Scores by ICSC Outcome Group
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Table 26
Head Lag Scores
Score Frequency Percent Cumulative Percent
1 4 8.2 8.2
2 2 4.1 12.2
3 6 12.2 24.5
4 10 20.4 44.9
5 15 30.6 75.5
6 8 16.3 91.8
7 2 4.1 95.9
8 1 2.0 98.0
11 1 2.0 100
49 100
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Research Question #3

Are variations in head lag, chronological age, illness, and time spent sleeping associated
with oxygen desaturation events of premature infants in CSSs?

In the unadjusted bivariate analyses of data from premature infants, the odds of
experiencing an oxygen desaturation event were approximately 50% greater for infants
born < 34 weeks gestation, 70% greater for infants with corrected gestational ages > 37
weeks, and 80% greater for infants discharged home at > 7 days of life (Table 27). In
contrast, the odds of experiencing an oxygen desaturation event were 30% less for
premature infants with respiratory illness. Moreover, the odds of having an oxygen
desaturation event were equivocal for infants with and without comorbid conditions.
However, because the 95% confidence interval in each of the analyses includes “one,”
the findings are not statistically significant.

In addition, while this analysis demonstrates that the odds for experiencing an
oxygen desaturation event are 30% greater for infants with increased head lag; caution
must be exercised with this interpretation. This is because, no difference among the three
outcome groups was previously detected in research question 2; therefore this finding
may be a mere artifact from data categorization (or cutting the data). Furthermore,
adjusted analysis could not be completed because of the discrepancy in group sizes.

Lastly, in the unadjusted bivariate analysis of percent sleep time and oxygen
desaturation events, no association was found between premature infants who slept for
80% of the time or greater and oxygen desaturation events (Table 28). In this analysis,
the 95% confidence interval includes “one”; therefore, the findings are not statistically

significant. In addition, the large width of the confidence intervals indicates that the
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sample size was too small. Furthermore, because of the discrepancy in group sizes,

adjusted analysis could not be completed.
Table 27

Bivariate Analyses of Oxygen Desaturation Events with Head Lag., Age

. and Illness

All Oxygen Odds 95%
Participants | Desaturation | % Ratio Confidence
(N) (n) Interval

All Participants 49 12 24 - -
Head Lag

>5 27 6 22 1.313 (0.356, 4.841)

<5 22 6 27 | Reference -
Gestational Age
(weeks)

35-36 28 6 21 1.467 | (0.396, 5.426)

24-34 21 6 29 | Reference -
Corrected Gestational
Age (weeks)

> 37 9 3 33 | Reference -

<37 40 39 23 1.72 (0.357, 8.264)
Chronological Age
(days)

> 19 6 32 | Reference -

1-7 30 6 20 1.845 | (0.494, 6.896)
Comorbidities

0-1 16 4 25 | Reference -

> 33 8 24 1.041 (0.261, 4.149)
Respiratory Illness

0 22 6 27 | Reference -

1 or more 27 6 22 1.312 (0.355, 4.83)
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Table 28

Bivariate Analyses of Oxygen Desaturation Events with Percent Sleep Time

All Oxygen Odds 95%
Participants | Desaturation | % Ratio Confidence
(N) (n) Interval
All Participants 49 12 24 - -
Percent Sleep Time,
ICSC #1
< 80% 26 8 31 | Reference -
>80 % 23 4 17 2.11 (0.541,8.26)

Percent Sleep Time,

ICSC#2
< 80% 22 7 32 | Reference -
>80 % 27 5 19 2.053 (0.547,7.69)

Summary of Major Findings

Of the 49 premature infants participating in this investigation, 86% had stable
findings from ICSC 1 to ICSC 2, while 14% had inconsistent results, and 8% had false
negative results by passing [CSC 1, but failing ICSC 2. Although many risk factors for
oxygen desaturation events were explored, no influence on ICSC outcomes was detected
for gender, birth route, race/ethnicity, birthweight, discharge weight, number of
comorbidities, history of respiratory illness, time between ICSCs, CSS harness types and
sleep time. In contrast, infants who were born at a gestational age of < 34 weeks,
discharged home at a chronological age of > 7 days, and that had a corrected gestational
age of > 37 weeks at discharge were found to be at greater odds for experiencing oxygen
desaturation events in their CSSs. Furthermore, while an increase in head lag appeared to

be a risk factor for oxygen desaturation events, this finding was likely spurious.
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CHAPTER VI
DISCUSSION
Introduction
This chapter will evaluate and interpret the implications of the study findings in

terms of the 3 research questions, compare these findings to the work of others and
discuss how the findings of this study impact the AAP’s recommendations for ICSC
testing of premature infants upon hospital discharge. In addition this chapter will present
a new theoretical framework for ICSC testing of premature infants, provide
recommendations for practice and future study, and discuss how limitations of this study
that could affect interpretation of the results.

Research Question #1

Stability of the ICSC

The American Academy of Pediatrics (1991, 1996, 1999) recommends that every
infant born at less than 37 weeks gestation undergo a period of observation in their CSS
prior to hospital discharge due to breathing difficulties with the semi-upright seating
position. However, neonatal healthcare providers have been concerned that a one-point
predischarge observation period, i.e., the Infant Car Seat Challenge, might not be
sufficient to identify all at-risk infants (Pilley & McGuire, 2005; R. Pye, personal
communication, May 5, 2004). Furthermore, anecdotal evidence supported this concern. |
Therefore it was hypothesized that premature infants would pass one ICSC but not the
other.

The findings of this study indicate that the majority of participants (86%, n = 42)

had stable results from one ICSC to the next, and only a small number of infants had
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unstable results (14%, n = 7). Furthermore, this finding demonstrates that the ICSC is a
highly reliable test for detecting breathing problems experienced by premature infants in
their CSSs. This success rate for the ICSC is equal to or better than that of other
screening tests for problems in newborns. For instance, newborn hearing screens, which
are used by a majority of birthing hospitals nationwide to identify hearing loss, have a
high percentage of false positive (64%; Clemens, Davis, & Bailey, 2000) and false
negative results (12%; Johnson et al., 2005) depending upon the type of screening device

used. In addition, the ability to detect cystic fibrosis (CF) in newborns varies widely,
depending on the method of testing (Comeau et al., 2004). With single mutation (AF508)

testing, 50% of CF-affected infants are diagnosed, versus 75% with the multiple-CFTR-
mutati