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Introduction

The human stress system is a highly complex system that acts to protect the body by
responding to internal and external stressors in order to achieve stability for the organism.
Selye labeled agents or experiences that cause stress “stressors”, and believed these agents to
arise from the organism’s external, internal, and psychosocial environment 1. Accordingly,
organisms show a systemic response of resistance to a stressor, and in the early phase this
enhances system functioning. With repeated exposures, the same stressor produces unique
responses related to the adaptive capability or “conditioning factors” required for systemic
regulation. Development and neural function establish the extent to which responses to
stressors are efficient or dysregulated. In situations where environmental demands exceed
coping regulatory capabilities, toxic stress and neurobiologic dysfunction may result 2. For
the preterm infant, the neonatal intensive care unit (NICU) is harsh in comparison with
intrauterine environment the infant was required to leave prematurely. Even during the
current era of developmental sensitivity to NICU design 3, preterm infants are often exposed
to lights, sounds, and disruption of sleep with frequent handling episodes 4. These
experiences are assumed to cause distress in infants too immature to cope with such high
environmental demands®. Moreover, early life experience and the impact of protracted stress
activation during the critical period of early postnatal development are known to shape later
neurobiological development and function in humans®: 6.

The best-evaluated methods for determining biological stress activation in humans include:
cardiovascular, respiratory and hormonal responses to stressors. However, fluctuation in
these measurements may be altered by multiple physiological changes, including
hemodynamic changes that occur post-birth. In addition, hormonal stress responses may be
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confounded by exposure to steroids given antenatally to enhance lung maturation 7. In
contrast to other biologic measures, electrodermal activity of the sympathetic nervous
system, also known as sympathetic mediated sweating, is reflected in skin conductance
response (SCR) and is not influenced by hemodynamic changes® nor antenatal steroid
administration. SCR represents changes in the palmar and plantar sweat glands during
emotional arousal, which occur secondary to the secretion of acetylcholine acting on
muscarinic receptors, resulting in filling and reabsorbing sweat from the sweat glands8.
During sympathetic arousal, there is a quantifiable increase in the number and amplitude of
electrodermal or skin conductance responses (Figure 1). SCR/sec likely represents a more
accurate reflection of true biological stress/arousal because unlike blood pressure (BP) and
heart rate (HR), SCR is not influenced by hemodynamic changes®. SCR measurement is a
non-invasive approach to stress monitoring, requiring only the application of surface
electrodes to the palmar or plantar surfaces of the skin (Figure 2). Additionally, this method
of stress monitoring has been validated as an accurate measure of biological stress during
emotional challenge in adults and crying in full and preterm infants®: 10,

The Synactive Theory of Infant Development, proposed by Als 11, describes the preterm
infant’s development as involving interacting subsystems (autonomic, motor, state and
interactional) outwardly characterized by specific behavioral responses to stimuli. According
to Als, the initial extra-uterine environment should: (a) be made highly similar to the
intrauterine environment the infant had to prematurely leave, and (b) then slowly and
progressively be elaborated at a rate appropriate to the infant’s capabilities. The NICU
setting for this study uses a developmentally sensitive approach to caregiving as the
framework for care delivery of infants by promoting self-regulation, while simultaneously
providing environmental modifications such as dim lighting and noise control to reduce
stressful stimuli. An “in-tune” caregiver provides supportive developmental positioning to
promote fetal posture along with supportive handling and individualized pacing of
caregiving to prevent additional stress to the already compromised infant 2. Gentle touch,
non-nutritive sucking, flexed positioning, hands-on containment (supportively cradling with
the hands), and nesting with boundaries are interventions that help the preterm infant to
maintain neurobehavioral stability and thermoregulatory control. When procedures must be
done, gently assisting the preterm infant to an awake state by soft voice and gentle touch
followed by containment and positioning, help the infant to manage stress and behavioral
disorganization 13. In addition, periods of undisturbed rest and facilitation of natural sleep-
wake rhythms are essential for growth and tissue healing.

The purpose of this observational cohort study was to investigate biological and behavioral
responses to developmentally sensitive nurse handling, the tactile stimulation during
clustered morning care in the NICU, and to test the hypothesis that stress/arousal responses
would be associated with the severity of illness of the infants.

2. Patients and methods

This is a prospective observational study based on a cohort of preterm neonates with mild
severity of illness scores, using the Score for Neonatal Acute Physiology (SNAP < 10) 14,
Subjects who were inborn and admitted to the Neonatal Intensive Care Unit (NICU) at Penn
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State Children’s Hospital/The Penn State Milton S. Hershey Medical Center were included
after informed consent was obtained by their parents or legal representatives. The inclusion
criteria were infants born preterm at 28-35 weeks postmenstrual age (PMA) and no longer
requiring assisted ventilation by postnatal day 3 of life. Relatively ‘healthy’ preterm, low
birthweight (LBW) infants were selected for study as the biological and behavioral
indicators of stress are known to be confounded by extreme prematurity and/or critical
illness. Exclusion criteria were: congenital anomalies or conditions known to affect
neurodevelopmental outcomes (including: intrauterine growth restriction, grade I1+
periventricular-intraventricular hemorrhage, or cord blood gas pH less than 7.2), admission
to the NICU after 12 hours of birth, maternal illness preventing the ability to obtain
informed consent, administration of narcotics and or sedatives to the infant prior to postnatal
day 3 of life, or reported maternal use of illicit substances, since these conditions or
medications are known to impact biological and behavioral stress measures.

Data Collection- Biological & Behavioral Data

Postnatal day 4-5 of life was selected as the ideal window of stress measurement as infants
had made the successful transition ex-utero, recovered from the stress of birth and the impact
of antenatal medications; which are all factors known to impact biological and behavioral
responsiveness. Infants were monitored continuously via cardio-respiratory monitors with
trend recording capabilities. During standard morning nursing care (axillary temperature,
assessment, diaper change, repositioning) continuous recordings of infant biological
parameters including: HR, RR, and SCR were obtained during pre-care (thirty minutes prior
to the scheduled initiation of handling) and during the intra-care phase. Using these data,
mean HR and RR, and change in HR and RR from baseline was determined from trend
recording data for each infant. SCR parameters were measured with three surface electrodes:
the measurement electrode was placed on the plantar surface of the foot of the infant, and
the two others were placed on each side of the ankle. These were connected to the
biomedical SCR device, Med-Storm® as described previously © and SCR data were
collected using Skin Conductance Analysis On-line™ software, Med-Storm®. An observer
manually entered each tactile stimulus that was given to the infant using the software
observation log (Figure 1).

Simultaneous real-time behavioral data were observed continuously and scored at cribside
by a single Newborn individualized developmental care and assessment program
(NIDCAP®) certified specialist using the Naturalistic Observation Record (Als, 1982).
These behaviors included infant sleep/wake cycles, facial movements (i.e. grimace, eye
wince), motor stress signals (i.e. finger splay, startle), visceral responses (i.e. hiccup, gag),
attentional signals (vocalizations) and self-consoling behaviors (sucking, hand or foot-
bracing, hands-to-mouth, hands-to-face). The observations were conducted around the
scheduled morning care between 7:30-11:00 am during a twenty-minute baseline, during the
standard morning nursing care (axillary temperature, assessment, diaper change,
repositioning), and up to thirty minutes post-interaction. The standard morning care was
done by an expert nurse who received education and training in developmental care
principles. The duration of cluster care was mean (SD) 8.5 (2.7) minutes. Behavioral data
were recorded while simultaneously measuring biological parameters (HR, RR, and SCR).
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Using the behavioral data sheets, the newborn’s behavior was later quantified for stress
behaviors of total frequency per domain for each of three subsystems: autonomic behaviors,
motor behaviors, and state behaviors 1°. A total behavioral arousal/stress score was
computed by adding the three domains as previously described?8.

Severity of lliness Score and days before enteral feeding

Ethics

Statistics

Results

The Score for Neonatal Acute Physiology (SNAP)14, a measure of severity of illness was
used to rate subjects at 48 hours of age. A mild severity of illness index for SNAP is a rating
of 0 — 9. The authors of the index have reported a predicted mortality (PM) of SNAP as
follows; SNAP 0 — 19 (PM = 0 — 42%) and SNAP > 19 (PM = 52 — 68%). Maternal and
infant demographics were recorded from the medical record.

The study was conducted in the level IV neonatal intensive care unit (NICU) of Penn State
Children’s Hospital/The Penn State Milton S. Hershey Medical Center. Human study
protocols were approved by Penn State Hershey College of Medicine Institutional Review
Board. Written parental consent was obtained for each infant prior to study enrollment.

Demographic and clinical data were collected prospectively, removed of all identifiers and
entered into IBM-SPSS 21.0 for Windows® (SPSS, Chicago, IL). Descriptive statistics
(frequencies, means, medians and scatterplots) were done and all variables were checked for
outliers and normality before analysis. Non-parametric (Wilcoxon Signed Rank) test was
used to assess differences in biological and behavioral measures from before to during care.
Pearson correlation coefficients were used to assess association of measurements to the
severity of illness. For all analyses, alpha was set at 0.05 and two-tailed tests were used.

Thirty preterm infants with mean (SE) postmenstrual age of 32.7 (0.27) weeks and birth
weight 1880 (74.8) grams were studied on postnatal day 4-5 of life. Demographic
characteristics of the sample are presented in Table 1.

There were statistical increases for biological (SCR/sec (fig. 1), HR, RR) and behavioral
(NIDCAP®) measures from before to during the care (P <0.01), see Table 2. This increase
in overall stress score was found to be statistically significant according to the NIDCAP®
observation (P <0.01). Further analyses of the individual variables within the NIDCAP®,
showed significant increases in motor and attentional cues and the ability to self-console (P
< 0.01) from before to during the care. However, facial and visceral stress signals did not
increase between the two periods of observation (Table 2). In addition, total NIDCAP®
stress behaviors during nurse care showed a significant negative association to SNAP
(morbidity index); r=—0.45, P=0.01. Conversely, the SCR/sec did not correlate with SNAP
or gestational age. Birth weight and adjusted age at the time of measurement did not
confound with these correlations.
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Discussion

There were significant increases for both biological and behavioral stress responses from
before to during the care including: HR, RR, SCR/sec, and NIDCAP® behaviors.
Interestingly, of the NIDCAP® behaviors the facial and visceral stress signals did not show
the same significant increases with tactile stimulation during care as the motor, attentional
and self-consoling cues. The findings of fewer visceral stress signals in preterm infants and
higher whole motor and extremity stress signals are characteristically documented by
NIDCAP® certified observers?,

Previous research has demonstrated that preterm infants display stress responses both during
noxious and anoxious non-invasive procedures!’ 18, Lagercrantz found that the
catecholamine levels increased more during the nursing procedure than during heel lance 18,
while Hellerud found that the SCR/sec increased more during the nursing procedure than
during heel lance 1°. Our findings suggest that preterm infants do react with a similar stress
response to handling as the stress response that occurs during heel lance. This is similar to
findings from Holsti et al 17, who reported that preterm infants react similarly to diaper
changes as to lance/squeeze, both in regards to physiological and behavioral responses.
Thus, non-invasive stressful procedures should carefully be monitored in this patient
population. Certain subpopulations, particularly preterm, low birth weight infants, are at
particular risk because preterm infants have less ability to display their discomfort through
behavioral cues20.

Studies have demonstrated that the biological measures of respiration and heart rate increase
in infants as a response to noxious stimuli2l, However, fluctuations in these parameters may
also be influenced by other factors such as alterations in blood circulation, breathing
patterns, environmental temperature, or sedatives®. Increased skin conductance on palms and
plantar surfaces has been identified as a biological measure that can validate pain perception
from noxious stimuli in infants, due to increased sympathetic activity, which is more
specifically associated to emotional distress than RR and HR?L, Gjerstad et al 22 found a
significant correlation between SCR/sec and the COMFORT sedation score that increased
from before to during suctioning from the trachea (r= 0.78, p<0.001), while other
physiologic measures did not correlate with the COMFORT sedation score. Similarly, in a
study by Roeggen et al 23 infants asleep had a range in the heart rate from 110-165 beats per
min and the SCR/sec was lower than 0.07. In addition, Storm et al. found that during
anesthesia, the SCR/sec correlated with a surgical stress score, r =0.53, P<0.001 24, and the
SCRI/sec also directly correlated with the epinephrine levels, P=0.0001 °, while the surgical
stress score did not correlate with HR. Thus, SCR proves to be a better physiologic measure
of stress reactivity than HR or BP in infants. Moreover, in newborn infants during heel lance
for blood gas analyses, a significantly positive correlation was found between the Neonatal
Infant Pain Scale (NIPS) and the SCR/sec (R=0.554, p=0.008)2. Findings from our study
demonstrate that NIDCAP® behavioral stress responses increase significantly when preterm
infants are handled, similar to the biological measures of HR, RR, and SCR/sec. In the
population of LBW infants in our study, certain behaviors in NIDCAP®, such as motor and
attentional cues as well as ability to self-console, were significantly increased during the
stress response. These findings corroborate with findings by Holsti et al 17, where tactile
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stimuli resulted in less intense facial responses, but greater motor whole body responses in
this population. This suggests that certain motoric cues (i.e. finger splay, startle, motor
whole body responses) may be more important when assessing the state of distress in LBW,
preterm infants. It also is well known that certain stress cues (facial cues, i.e. grimace) are
less robust in infants who are severely ill or very preterm 28, Thus, nurses trained to read
these behavioral cues should use them as an adjunct with biological measures for
determining the distressed state of preterm infants. Our findings demonstrate NIDCAP®
stress behaviors were negatively correlated with SNAP, suggesting that when infants had a
higher severity of illness score they were less able to demonstrate stress behaviors. This
suggests that the behavioral response data uniquely represent key information on which
infants may be more vulnerable to the impacts of stress, yet unable to demonstrate robust
distress signals.

Slater et al. 27 showed that oral sucrose has a sedative effect without influencing pain
perception. This is in accordance with the findings that oral sucrose decreases the response
from heel lance when studying the behavioral response and crying time, but not the
biological responses such as HR and SCR/sec 28, It was also found that when sound stimuli
in the ward increase above 65dB, HR and SCR/sec increase but the behavioral stress score
did not increase 29. Thus, the absence of stress behaviors is not a validation of non-stress in
preterm infants, but suggests these infants may not be able to outwardly display distress
behaviors. This is particularly important in infants with higher severity of illness or more
extreme prematurity where the behavioral repertoire may show less robust patterns of
responsiveness. In this situation, biological parameters of distress (SCR/sec) may be more
reliable and should be used in conjunction with behavioral assessments.

The guiding principle of developmental care is to facilitate infant interaction based on astute
biobehavioral observation and to proceed with the interaction at a rate appropriate to
decrease disorganization, conserve energy, and support self-regulation and stability within a
nurturing environment that includes the family3°. Combining biological and behavioral
observations are critical to best evaluate the complexity of the preterm infant’s stress
response system. In addition, the use of individualized developmentally supportive
approaches and the appropriate use of sedation and analgesia for necessary procedures have
been demonstrated to promote auto-regulation, protect the infant from stress and assist the
infant to maintain stability and control.

Conclusion

Heart rate, respiration rate, skin conductance frequency, and NIDCAP® stress behaviors all
significantly increased in LBW preterm infants during handling associated with standard
nurse caregiving during the infants’ first days of life. Further analyses of the NIDCAP®
subgroups identified motor and attentional cues, and ability to self-console as significant.
Also, NIDCAP® hehaviors were influenced by the severity of illness of the infant, while SC
responses were not influenced by severity of illness. In preterm, LBW infants the complexity
of the stress response systems may be best understood by using a multi-system approach to
the assessment and monitoring of infant-caregiver interactions.
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Figure 1.
Sample SCR measurement epoch during care/handling

This representation shows the analysis of a subject’s SCR data using MedStorm software.
The representative window of measure between the red and blue cursor shows #SCR/sec,
also known as electrodermal responses (#EDR/sec) during the 4 minutes of handling
associated with nursing care. In this example, the number of waveforms (each wave height
represented by a red dot) is divided by the total time of the epoch in seconds, to equal SCR
(EDR)/sec. The written log shows the timing and written description of each tactile stimulus
that was given by the nurse and recorded by the observer.
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Table 1
Sample Characteristics

No. of patients included (N=30) Mean SE Min Max

Male gender (%) 50 - - -

PMA at birth (weeks) 327 027 293 352

Birth weight (grams) 1877 748 1256 2803

SNAP 4.1 0.44 0 9

Days to Enteral Feeds 8.3 1.50 1 37

PMA= postmenstrual age; SNAP= Score for Neonatal Acute Physiology
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