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Abstract
Background: Mothers of infants with congenital heart disease are at risk for depression.

Objectives: This study explored the influence on maternal depressive symptoms of several
known factors for mothers in the pediatric cardiac intensive care unit, including perceived
stressors, attachment, and anxiety.

Methods: This study was a secondary analysis of 30 mothers of infants awaiting cardiac surgery.
Linear regressions were calculated to determine the relationships between perceived stressors,
maternal attachment, anxiety, and maternal depressive symptoms.

Results: Nearly half of mothers reported depressive symptoms above the measure cut-off score,
indicating they were at risk for likely clinical depression. Subscales of perceived stress explained
61.7% of the variance in depressive symptoms (= 11.815, p<0.0001) with parental role alteration
subscale as the strongest predictor (standardized beta=0.694, p = 0.03).
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Conclusions: Findings underscore the importance of mental health screening and instituting
nursing practices to enhance parental role for mothers of infants awaiting cardiac surgery.
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Introduction

Infants born with critical congenital heart disease (CHD) require intensive care and
subsequent cardiothoracic surgery in the neonatal period to survive. Consequently, these
infants’ mothers experience extreme stress and are at elevated risk of adverse mental health
symptoms, including depression.1=3 Depression, also referred to as clinical depression or
major depressive disorder/episode, can range in severity based on the number of symptoms
and has specific requirements for formal diagnosis based on DSM-V criteria.* Even without
a formal diagnosis, mothers can exhibit depressive symptoms prenatally at the time of fetal
CHD diagnosis, with approximately one quarter to one half of mothers experiencing enough
symptoms for likely clinical depression.>~" Postnatally, 1 out of 5 mothers report depressive
symptoms in the postoperative period and the transition home, a significantly higher
proportion than mothers of infants with other diseases or mothers of healthy infants.”~12
Furthermore, depressive symptoms persist at 6, 18, and 36 months postpartum in mothers of
infants with critical CHD, a trajectory significantly different from that of mothers of healthy
controls.13

Maternal depressive symptoms during infancy can negatively impact the ability of mothers
to form secure attachments.1415 Maternal mental health and the maternal-infant bond are
widely recognized to have a strong influence on the neurodevelopment of healthy children.
16-25 There is a growing body of literature calling attention to the potential links between
maternal mental health, impaired bonding, and poor neurodevelopmental outcomes in CHD.
26-28 A myriad of factors have been found to be associated with neurodevelopmental
abnormalities in CHD,2? including, but not limited to, genetic disorders, reduced cerebral
perfusion, low birth weight, and longer hospital lengths of stay.3%-33 Many of these factors
are non-modifiable and together explain less than a third of the variance in poor
neurodevelopmental outcomes.31-33 Evidence suggests that interventions targeting maternal
stress and mental health can positively impact mental and behavioral development in
children with CHD.34:35

Despite the demonstrated risk of depression in mothers of infants with CHD and the critical
importance of maternal mental health in infant development, a gap in the literature exists
describing early depressive symptoms in mothers during their infants’ critical care
hospitalization prior to undergoing cardiac surgery. Few studies have explored predictors of
depressive symptoms in mothers in the immediate postpartum period, including perceived
stressors. No studies to date have examined early depressive symptoms in mothers of infants
with CHD in the preoperative period in the pediatric cardiac intensive care unit (PCICU) or
explored factors influencing depressive symptoms that could potentially influence the
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trajectories of these symptoms over time. Modifiable factors may exist that could be targeted
for intervention in a way that mitigates the likelihood of increased depressive symptoms in
mothers while their infants are hospitalized in the PCICU.

Lazarus and Folkman38 defined stress as an overarching term, encompassing a stressor that
an individual perceives as stressful, which elicits a stress response. Building on this
conceptualization of stress, as well as parent stress models posited by Miles and colleagues,
37.38 the PCICU parental stress model was created to describe the unique experience for
parents of infants with CHD.3%40 According to the PCICU parental stress model, specific
stressors that mothers are exposed to in the PCICU can arise from the infant with CHD, the
PCICU environment, and from factors arising from within mothers themselves.3%40 These
factors combine to elicit both physical and psychological stress responses, which can include
both anxiety and depressive symptoms. Factors in the infant category include infant
appearance and behavior, severity of illness, and the timing of the infant’s diagnosis (pre- or
postnatal) may all influence the perceived stress of mothers. Additionally, factors arising
from the PCICU environment category include the sights and sounds of the PCICU, the lack
of privacy, and large number of staff, which may be overwhelming and serve as an additional
source of stress. Factors in the parent category include parental role alteration in the PCICU,
which occurs when parents feel unable or do not know how to care for their hospitalized
infant. Additional parent factors include sex/gender, age, race, ethnicity, and underlying
tendencies towards anxiety (e.g. trait anxiety) may also influence their experience of stress
in the PCICU.

The aim of this study was to explore depressive symptoms and factors influencing
depressive symptoms in postpartum mothers of infants admitted to a PCICU within the first
week of life prior to undergoing cardiac surgery. Variables were chosen based on the PCICU
Parental Stress Model (Fig. 1). Specifically, the purpose of this study was:

1. To describe the magnitude of depressive symptoms and the rate of likely clinical
depression in the PCICU.

2. To determine whether differences exist in reported depressive symptoms
depending on infant and maternal characteristics.

3. To measure the perceived stressors for mothers whose infants are awaiting
cardiac surgery in the PCICU.

4, To explore the relationships of maternal perceptions of stressors, trait anxiety,
and perceived maternal-infant attachment on maternal depressive symptoms.

This is a secondary analysis of a pilot study that enrolled 30 mothers of infants undergoing
neonatal cardiac surgery and admitted after birth within the first week of life to a PCICU
(citation in press, blinded for peer review). The study was conducted between January 2018
and January 2019 in a large free-standing children’s hospital in a metropolitan area in the
northeastern United States. The original study tested a skin-to-skin care intervention in
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mother-infant dyads in the PCICU. All data for this secondary analysis were baseline data of
mothers collected prior to any intervention. Mothers were approached for informed consent
if their infants were full term at birth, greater than 2500 gs, not receiving end of life care,
and admitted to the PCICU for neonatal cardiac surgery with no other genetic or congenital
abnormalities. Mothers were at least 18 years of age and English-speaking. Baseline
measures were obtained from mothers on perception of stress, perceived attachment, and
symptoms of anxiety and depression. The investigation conforms with the principles
outlined in the Declaration of Helsinki#! and received approval by the hospital’s institutional
review board.

Variables and measures

The Center for Epidemiological Studies-Depression (CES-D)*2 is a well-established
instrument measuring depressive symptoms that also provides a cut-off for likely clinical
depression versus not depressed. The instrument contains 20 items and asks subjects to rate
on a 4-point Likert scale how often they have experienced symptoms associated with
depression in the past week.42 Total scores are summed and have a possible range of 0 to 60,
with scores greater than or equal to 16 indicating risk for likely clinical depression. The
CES-D also has excellent validity and reliability and has been used across a range of
populations. 4344

The Parental Stressor Scale: Infant Hospitalization (PSS:1H)*? is a 22-item instrument with
established validity and reliability that measures maternal perception of stressors, including
the infant’s appearance and behavior, the sights and sounds of the ICU environment, and
parental role alteration. Subjects rated each experience on a 5-point Likert scale based on
how stressful each experience was perceived from “not at all stressful” to “extremely
stressful.” Mean scores could range from 1 to 5 with higher scores indicative of greater
perceived stress. The PSS:IH has been successfully used to assess the perception of stressors
in mothers of children with CHD.39:46

The State Trait Anxiety Inventory (STAI*’ is another well-established, valid, and reliable
instrument that contains two 20-item subscales: State-Anxiety scale and Trait-Anxiety. The
State-Anxiety subscale measures the magnitude of anxiety symptoms subjects feel at any
current moment. The Trait-Anxiety subscale measures a subject’s tendency towards anxiety
and has excellent test-retest reliability. Subjects rank each item on a four-point Likert scale
from 1 (not at all) to 4 (very much so). The total scores of the State-Anxiety and Trait-
Anxiety subscales are calculated by summing the items of each subscale separately. Scores
can range from 20 to 80 with higher scores indicative of greater anxiety. For this study, and
as posited by the PCICU Parental Stress Model, state-anxiety scores were used to measure
the stress response of anxiety symptoms in mothers. trait-anxiety scores were used to
measure a mother’s tendency towards anxiety, which may influence a mother’s stress
response.

Mothers’ perceptions of attachment to their infants was measured by the Maternal
Attachment Inventory (MAI). The MAI is a self-report instrument with 26-items that
measures mothers’ feelings of attachment towards their infants and has been used in studies
of mothers of infants with CHD.48-50 Mothers rate each item on a 4-point Likert scale.
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Scores are generated by summing item responses, with higher scores indicating greater
feelings of maternal-infant attachment. The MAI has a total sum range of 26 to 104.

Baseline demographic and clinical characteristics of mothers were summarized among the
full sample. Frequencies of categorical measures were computed, as well as the means and
standard deviations of continuous measures. For each demographic and clinical category,
mean and standard deviation CES-D score were computed and t-tests were used to assess
whether mean CES-D score was significantly correlated with each characteristic. Mean and
standard deviation for PSS:IH survey items were presented as ordered by items’ mean value.
Mothers’ mean state and trait anxiety measures were compared using a paired samples £test.
Bivariate associations were assessed between each predictor of interest and the continuous
CES-D score outcome using spearman correlations. Predictors which exhibited a significant
association with CES-D score at the alpha=0.05 level were included in a multiple linear
regression model. To assess whether data satisfied assumptions of multiple linear regression,
histograms and normality plots were produced and assessed, and Shapiro Wilk and
kolmogorov smirnov tests were conducted. Variance inflation factors were computed and
assessed to address model assumptions of collinearity. Adjusted analyses were performed to
assess potential confounding regarding the relationships between each predictor of interest
and the CES-D outcome. All data were analyzed using SPSS version 25 for Windows.

Mean infant age at the time of this study was 2.87 days (SD=1.43). All infants were full-
term with an average birth weight of 3323 gs (SD=604), and were admitted to a PCICU after
birth for neonatal cardiac surgery. Diagnoses of single (47%) and two (53%) ventricle
physiology were equally represented in the sample. Eighty percent (n = 24) were diagnosed
with CHD prenatally. Detailed infant demographics were reported in the parent study
(blinded citations).

Mothers were an average of 29.5 years old (SD=5.29). Half (50%) of mothers delivered via
cesarean section (Table 1). The sample was relatively homogeneous with respect to race and
ethnicity with a majority White (70%) and non-Hispanic (72%). Approximately three-
quarters were married (77%) and just over half had obtained at least a college degree
(53.3%). Mothers with only one child represented 40% of the sample, and 60% had more
than one child.

Mean scores on the CES-D were 15.70 (SD=8.53), with response scores ranging from 5 to
33. Forty-seven percent of mothers reported symptoms of depression that were at or above
the cut off for likely clinical depression.

Depressive symptoms as measured by the CES-D were significantly higher among mothers
identifying as White and/or non-Hispanic. Mothers of infants admitted with a postnatal
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diagnosis also reported significantly higher CES-D scores than mothers of infants who were
prenatally diagnosed (Table 2). No association was found between depressive symptoms and
other characteristics including mode of delivery, infant birth weight or gender, and class of
defect (Tables 2 and 3).

Mothers’ mean state-anxiety was 49.40 (SD=12.62) and mean trait-anxiety score was 36.4
(SD=8.78). State anxiety scores were significantly higher than trait-anxiety scores
(p<0.001). Maternal attachment as measured by the MAI revealed scores ranging from 97 to
104, the maximum possible score for the instrument, and averaged 101.73 (SD=2.288).
While trait-anxiety and maternal attachment were not significantly associated with report of
depressive symptoms, state-anxiety was significantly associated with CES-D scores (Table
3).

Total scores for the PSS:IH averaged 3.30 (SD=0.95). When comparing PSS:IH composites,
mothers identified their infant’s appearance and behavior as the greatest source of stress (M
= 3.71; SD=1.08), followed by parental role alteration (M7= 3.29; SD=0.93), and the sights
and sounds of the ICU (M= 2.50, SD=0.95). The top five mean-ranked PSS:IH items were
(Table 4): “Seeing your child in pain”, “Seeing your baby have problems breathing”, “Not
being able to protect your baby from pain and painful experiences,” “Not being able to
comfort or help your baby,” and “Not being able to hold your baby.”

CES-D depression scores were significantly associated with measures of hospital related
stress on the PSS:IH including: Parental Role Alteration (p<0.001, spearman r= 0.749),
Infant Appearance and Behavior (p<0.001, spearman r= 0.722), and Sights and Sounds of
the ICU (p<0.001, spearman r= 0.645), such that mothers who endorsed higher levels of
stress on these composites also reported higher depressive scores.

In recognizing that our sample size does not provide us enough power to adjust for all
predictors of interest and potential confounding factors in a single multivariable model,
adjusted analyses were conducted separately for each predictor of interest. Race, ethnicity,
and pre/postnatal diagnosis were identified as potential confounding factors, as they
exhibited significant associations with mothers” CES-D scores (Table 2). As trait-anxiety
and maternal attachment were not significantly correlated with depressive symptom scores,
only the PSS:IH subscales were included in the final multiple linear regression model to
examine the relationship between hospital related parent stress and depression scores. Each
predictor of interest (each PSS: IH subscale) remained a significant predictor of CES-D
when adjusting for each variable identified to be a potential confounding factor. In the final
model, the PSS:IH subscales explained 62% of the variance in maternal report of depressive
symptoms as measured by the CES-D, while parental role alteration alone was a significant
predictor (p<0.0001) (Table 5).
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Discussion

The current study adds to a growing body of literature identifying high levels of stress,
anxiety, and depressive symptoms in mothers of infants with CHD. To our knowledge, this is
the first study to examine the relationship of stressors influencing depressive symptoms in
mothers of infants with CHD admitted to the PCICU awaiting surgical intervention. Similar
to what has been reported for participants in studies that measured maternal depression upon
diagnosis of the infants’ CHD,87 close to a procedure,®! or during hospitalization,® our
sample of mothers reported high rates of likely clinical depression at almost 50 percent.
Most importantly, the current study revealed that nearly two-thirds of the variance in
depressive symptom scores was explained by perceived stress in the form of parental role
alteration.

In previous research, parental role alteration has been described as a central experience of
mothers of infants in the PCICU as well as the neonatal 1CU.26:52-55 parental role alteration
has also been shown to predict State-Anxiety scores in mothers of infants in the PCICU after
surgical intervention3® and has been associated with depressive symptoms in mothers of
premature infants.56:57 These findings are critically important as current PCICU care
practices can be targeted to promote the maternal role and reduce experiences of parental
role alteration with the goal of reducing maternal anxiety and depressive symptoms.
Parenting in the critical care environment is inherently stressful with restrictions on how and
when mothers can touch, feed, care for, and comfort their infants. Pediatric cardiovascular
nurses in the PCICU can reduce parental role alteration by facilitating partnership with
mothers in both basic (e.g., skin-to-skin care, holding, feeding, diaper changes, bathing) and
medical (e.g., oral care, obtaining vitals, facilitated tucking during stressful care) care.
Nurses are uniquely positioned to champion family-centered developmental care practices
that promote the parental role and can empower mothers to protect, comfort, and care for
their infant in the PCICU.

While there have been very few interventional studies targeting mental health in mothers of
infants with CHD,8 one study providing a phased, individualized intervention to parents of
infants in the neonatal intensive care unit, including infants with CHD, was able to reduce
symptoms of anxiety and depression in mothers at hospital discharge.>® Utilization of
similar strategies in the PCICU, such as family-centered developmental care practices,
28,60,61 that encourage mother-infant interaction and facilitate maternal partnership in care
may reduce symptoms of depression and anxiety, facilitate the maternal-infant bond, and
lessen the overall stress mothers report experiencing.

Consistent with previous research,52 depressive symptoms were correlated with current
symptoms of anxiety (state-anxiety), but not with a mother’s tendency towards being
anxious (trait-anxiety). Mothers in the current sample reported mean state-anxiety scores
that fall in the 87th percentile of normative values for females of child bearing age.#” These
findings suggest that any mother, regardless of baseline tendency towards anxiety, may be at
risk for experiencing symptoms of anxiety during their infant’s admission. Additionally,
mothers identified numerous stressors associated with their infant’s hospitalization on the
PSS:IH with mean total scores indicating moderate levels of stress. As found in other
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samples of mothers of infants with CHD, 3946 Infant Appearance and Behavior was ranked
as most stressful, followed by Parental Role Alteration, and the Sights and Sounds of the
ICU. Rank order of PSS:IH items from most to least stressful was consistent with past
research by Lisanti and colleagues3® in which the top stressors focused on infant pain and
the inability of mothers to provide comfort or care for their infant. These findings provide
additional support for the PCICU Parental Stress Model that identifies infant pain as a
perceived stressor for mothers as well as the parental role alteration that arises when mothers
are not able to help, comfort and hold their infant.

While child-specific factors such as disease severity have been associated with maternal
depressive symptoms in older children with CHD,12:13.51.63 gyr findings are consistent with
previous research that suggests severity of illness may be less meaningful when mothers’
infants are critically ill and awaiting open heart surgery.54.64 Our results also pointed to a
significant difference in depressive symptoms based on race/ethnicity, such that mothers
who identified as White and/or non-Hispanic reported significantly higher depression scores
than did those who self-identified as a racial/ethnic minority. This is inconsistent with
literature demonstrating racial/ethnic disparities in rates of perinatal depression regardless of
fetal health status®5:66 and may be a reflection of our relatively homogenous sample and the
small sample size of mothers from minority groups. Additional research exploring how
maternal, infant, and diagnosis-related factors influence maternal depressive symptoms is
warranted.

Unlike other studies that have found prenatal diagnosis as a risk factor for depression® or no
difference based on timing of diagosis,1? we found that mothers of infants who received
postnatal diagnoses of CHD reported significantly more depressive symptoms than mothers
who received prenatal diagnoses. This may be due to timing of assessment (first week versus
2-4 weeks into hospital admission), but may also reflect the differing experiences of pre-
and postnatally diagnosed mothers in our sample. Prenatally diagnosed mothers may also
have had more time to prepare themselves and their families for their infant’s birth, both
mentally and emotionally, but also logistically for the hospitalization. Prenatally diagnosed
infants were delivered in our institution, which may contribute to less mother-infant
separation in the first few days of life. They also receive comprehensive psychosocial
services prenatally as a standard of care. These experiences may have influenced maternal
depressive symptoms experienced in that group.

In terms of perceived maternal attachment, mothers in our sample reported attachment
scores that were very similar to maternal attachment in mothers of healthy infants.*® We
found no correlation between depressive scores and attachment in our sample of mothers.
This is inconsistent with previous research showing that perceived maternal attachment can
be negatively impacted by infant congenital anomaly and maternal depressive symptoms.*8
More research is needed in this area to better understand the relationships of perceived
attachment and depression.

Findings from this study highlight the need for universal parental mental health screening
upon infant admission to the PCICU, as has been advocated by others.1-3.15 Psychosocial
providers can focus on helping mothers navigate the stressors of the PCICU and adjust to
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their infant’s hospitalization by promoting effective coping skills and encouraging mothers

to prioritize self-care as needed. These and other practice changes that enhance the parental
role early and frequently throughout an infant’s hospitalization may be helpful in mitigating
maternal symptoms of depression and anxiety.

As the present study is a secondary data analysis of a pilot study with small sample size, it
must be recognized we were limited in our power to detect significant associations, as well
as our ability to adjust for all potential confounding factors in a single multivariable analysis.
Thus, we emphasize the need for these preliminary findings to be validated among a larger
sample. Moderate effect sizes were found in the regression modeling, which will inform
power analyses in future studies with greater sample sizes. The generalizability of this study
is also limited by the lack of a comparison group. Additionally, this study focused solely on
mothers of infants in the preoperative period. Literature surrounding stress and mental health
of parents of infants with CHD show fathers have differing experiences.>3:67 Future research
exploring anxiety and depressive symptoms and perceived stress should include fathers and
other caregivers.

Conclusions

This study adds to the current knowledge regarding the mental health mothers of infants
with CHD in the immediate postpartum period. Mothers are at risk for increased depressive
symptoms, which are influenced by their perceptions of altered parental role in the PCICU.
Pediatric cardiovascular nurses can support these vulnerable mothers through targeted care
practices that enhance parental role, screen to identify at-risk mothers, and promote coping
and overall wellbeing.
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Infant

Demographics
*  Gender

*  Timing of Diagnosis (Pre/Postnatal)
*  Birth weight

Severity of Illness

*  Class of Defect (SV vs BV)

Infant Appearance and Behavior

*  PSS:IH Subscale

Pare

Maternal Factors

Environment

¢ Race/Ethnicity

*  Mode of delivery PCICU Sights and sounds
*  Number of children *  PSS:IH Subscale

*  Trait Anxiety

Parenting Factors
*  Perceived Attachment
*  Parental Role Alteration, PSS:IH Subscale

Fig. 1.
Secondary Analysis Variables Based on the PCICU Parental Stress Model.
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Maternal demographics.

Category n %
Marital Status Single 7 23
Married 23 77
Race Black or African American 4 13
White 21 70
Asian 1 3
Unknown/Other 4 13
Ethnicity 7 Hispanic or Latino 8 27
Not Hispanic or Latino 21 72
Level of Education ~ Graduated from high school 5 17
Technical/Vocational School 3 10
Partial college 6 20
College graduate 10 33
Master’s degree 5 17
Doctoral degree 1 3
Mode of Delivery ~ Vaginal 15 50
C-section 15 50

fDoes not equal 100% due to missing data.
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Table 2

Comparisons of maternal and infant factors with depressive symptoms.

N (%) CES-D Score M (SD)  p-value

Maternal Demographic Factors

Race White 21 (70.0%) 18.48 (8.39) .001
Non-White 9 (30.0%) 9.22 (4.55)

Ethnicity Hispanic 8 (26.7%) 11.75 (5.37) .048
Non-Hispanic 21 (70.0%) 17.52 (9.14)

Mode of Delivery Vaginal 15 (50.0%) 15.87 (7.87) 917
Cesarean Section 15 (50.0%) 15.53 (9.43)

Number of Children 1 child 12 (40.0%) 19.33(9.90) .055
>1 child 18 (60.0%) 13.28 (6.73)

Infant Demographics and Clinical Factors

Gender Male 20 (66.7%) 16.60 (8.49) 433
Female 10 (33.3%) 13.90 (8.77)

Class of Defect Single Ventricle 14 (46.7%) 15.57 (8.06) .940
Two Ventricle 16 (53.3%) 15.81 (9.19)

Timing of Diagnosis  Prenatal 24 (80.0%) 12.92 (6.66) <0.001
Postnatal 6 (20.0%) 26.83 (5.71)
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Table 3

Correlations of maternal and infant factors with depressive symptoms.

Summary Statistics CES-D Correlations

Mean £ SD Spearmanr  p-value

Maternal Demographic and Mental Health Factors

Maternal Age 29.50 +5.290 -0.036 .851
State Anxiety 49.90 + 12.617 .808 <0.0001
Trait Anxiety 36.40 £ 8.779 .187 .323
Maternal Attachment 101.73 +2.288 153 419

Infant Demographics

Infant birth weight 3323.13 + 604.088 .093 .623
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Table 4

PSS:IH rank order descriptive statistics.

Mean  Standard Deviation

Seeing your child in pain 4.08 1.152
Seeing your baby have problems breathing 4.04 1.107
Not being able to protect your baby from pain and painful experiences 4.00 1.145
Not being able to comfort or help your baby 4.00 1.134
Not being able to hold your baby 3.37 1171
When your child looks afraid, upset or cries a lot 3.70 1.235
Seeing your baby look sad 3.62 1.329
Not being able to regularly care for your baby 3.57 1.194
Being separated from your baby 3.50 1.137
Seeing your baby surrounded by machinery and having medical treatments 3.47 1.279
When your baby can’t respond to you 3.42 1.465
Seeing your baby with tubes or IV lines on him/her 3.37 1.189
Seeing a needle or tube put in your baby 3.35 1.198
The sudden sound of monitor alarms 3.17 1.392
Not having a chance to be alone with your baby 3.17 1.147
Not being able to share your baby with family and friends 2.87 1.306
The other sick children in the room 2.79 1.473
When other children in the hospital have a crisis 2.63 1.334
Monitors and equipment in the room 2.57 1.104
The large number of nurses, doctors, and other staff who work with your child  2.00 1.069
The needs of other parents in the hospital 1.60 .957

The nurses and other staff seeming closer to the baby than you feel 1.59 931
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