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Rapid genomic sequencing (rGS) is being increasingly used in neonatal and paediatric intensive care units. While there is emerging
evidence of clinical utility and cost-effectiveness, concerns have been raised regarding the impact of delivering genomic results in
an acute care setting. To help investigate these concerns, we analysed survey data collected from caregivers whose children had
received rGS through a national rapid genomic diagnosis program. The impact of rGS on families was assessed through the
PedsQL2.0 Family Impact Module and the State-Trait Anxiety Inventory (STAI-6). Sixty-one parents/carers completed the survey
during the study period (response rate 48%; 61/128). Mean parent and family functioning was reduced in this sample, reflecting the
stressful conditions facing families with critically unwell children. We found caregivers whose children had received a diagnostic

result through rGS reported a reduced family relationships score compared to caregivers of children who did not receive a
diagnosis. These findings have implications for genetic counselling practice in this setting.

European Journal of Human Genetics (2022) 30:1036-1043; https://doi.org/10.1038/s41431-022-01140-8

INTRODUCTION

Rapid exome sequencing (rES) and rapid genome sequencing
(rGS) (collectively known as genomic sequencing) are increasingly
being integrated into neonatal and paediatric intensive care.
Genomic sequencing is more effective at diagnosing rare diseases
than other approaches, such as microarray, and can result in
improved clinical management [1-3]. Previously, the time taken to
generate results from genomic sequencing limited its role in acute
care settings, and clinicians had to rely on other, sometimes
invasive diagnostic tests. Rapid genomic sequencing offers the
opportunity to bring the benefits that genomics has realised in the
ambulatory setting into acute medical care. However, this shift
brings with it unique challenges for genetic counselling, where
processes may not have been developed to accommodate short
timeframes to diagnosis [4].

Time is an essential factor when treating critically unwell
children in neonatal and paediatric intensive care units (NICU and
PICUs). A fast diagnosis may facilitate tailored, life-saving
treatments [5, 6]. In cases where the diagnosis is associated with
a poor prognosis, this knowledge may help reduce the number of
painful investigations, and allow for re-direction to palliative care
[5]. Even when rES/rGS does not lead to a diagnosis it can still
positively impact clinical management by reducing the need for
other investigations [7]. As is true for genomic sequencing
generally, results from rES/rGS can be useful both for improving

understanding of rare disease [8], and for allowing parents to
make informed future reproductive decisions.

There is also emerging evidence of the cost-effectiveness of rES/
rGS [9, 10], and its use in paediatric acute care is being trialled
and/or implemented in multiple healthcare systems worldwide,
including in the US [11-14], the UK [15], Australia [7], Canada [16],
Hong Kong [17], China [18], the Netherlands [19], and Poland [20].

While there is evidence of clinical benefit, clinicians and
bioethicists have raised a number of concerns around the use of
rES/rGS in paediatric acute care [5]. One concern is that delivering
a genomic diagnosis in the intensive care setting may be
particularly disruptive for families. The newborn period is a crucial
time for child-caregiver bonding and learning an infant has a life-
long genetic condition during this period may be harder to
process for caregivers, compared to when children are older
[5, 21]. Results from testing may also lead to other negative
psychosocial outcomes for both the parent(s) and the child, such
as self or partner blame or detrimental impacts on family
relationships [21].

CONTEXT

To investigate whether such hypothetical concerns are realised in
practice, data were drawn from a survey of parents of critically
unwell children who were part of the Australian Genomics Health
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Alliance Acute Care Genomics study. The Acute Care Genomics
study evaluated the feasibility of delivering ultra-rapid exome
sequencing (urES) at scale in the Australian public healthcare
system [7]. Paediatric patients with suspected monogenic condi-
tions admitted to intensive care units across 12 hospitals
underwent urES as a trio where possible; the median age was
28 days old (the majority being infants in the NICU) and the
average turnaround time from sample receipt to sequencing
report was three days [7]. A molecular diagnosis was established in
51% of the participants. urkS results influenced clinical manage-
ment in 76% of patients who received a diagnosis and 11% of
those who did not receive a diagnosis (e.g. through ruling out
certain genetic diagnoses) [7].

Survey data relating to parental experiences and outcomes
were published, showing low decisional regret across all
respondents, and higher empowerment in parents whose child
received a genetic diagnosis [22]. Interviews with a subset of
parents showed they found the process intensely stressful, yet
they appreciated receiving access to a new technology [23]. To
address potential ethical concerns relating to parent-child
bonding, family relationships, and family functioning, here we
report additional survey data relating to parental health and
anxiety, as well as parent and family functioning.

SUBJECTS AND METHODS

Survey invitations were sent to 128 families (one survey per family) via
email >12 weeks after they had received the results of their child’s urES
test; 97 received the full survey (those whose child was alive at time of
invitation) and 31 received the shortened version (those whose child was
deceased at time of invitation). Surveys collected from parents whose
children underwent urkES between March 2018 and February 2020 were
included in the analysis. Survey invitations were not sent if parents showed
signs of being in high distress as assessed by the clinical team (12 families),
parents lacked sufficient English comprehension (15 families), or parents
declined to leave contact details (12 families). Data were collected through
the REDCap survey collection tool, hosted at the Murdoch Children’s
Research Institute [24].

The survey used a combination of validated instruments and custom
questions. The scales included in this analysis are a selection of scales
from the PedsQL2.0 Family Impact Module, and the State-Trait Anxiety
Inventory (STAI-6). These scales assessed the impact of the testing process
on parent and family functioning, family relationships, and parental
anxiety. Questions about parental health and relationships, and their
perceptions of their child, were also included.

The PedsQL2.0 Family Impact Module was only shown to parents whose
child was still alive at the time of survey invitation. Scores for this scale are
out of 100, with a higher score indicating higher levels of parent and family
functioning [25]. Parent functioning was assessed using two sub-scales
(from a possible total of six in the module). The communication sub-
scale (3 items) assesses how well parents feel they can communicate with
other people (e.g., doctors). The worry sub-scale (5 items) assesses the level
of worry parents have (e.g., about their child’s treatments, reactions of
others, and their child’s future). Family functioning was assessed using two
sub-scales: daily activities (3 items, covering problems with daily activities,
such as household tasks) and family relationships (5 items, covering level
of stress, conflict and communication difficulties between family
members).

The STAI-6 was also only shown to parents whose child was still alive at
the time of survey invitation. The STAI-6 assesses the level of state anxiety
(how one feels at the time of completing the survey) [26]. Scores range
from 20 to 80; scores =50 indicate elevated state anxiety.

Means are presented with standard deviations and differences in means
are presented with 95% confidence intervals (Cls). Associations between
the quantitative data were assessed using t-tests, linear regression, one-
way ANOVA and x? or Fisher's Exact tests (due to small sample size). Power
calculations were performed to assess likely significance of observed
results. Some variables — such as age of child at consent for urES or gross
family income - were collapsed into binary variables for analysis; this is
noted where applicable. Qualitative data from free-text responses were
analysed by HBS and DV using content analysis [27].
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RESULTS
Sixty-one caregivers completed the survey during the study
period (response rate 48%; 61/128). Among the respondents, 66%
(n = 40) of infants were alive at the time of survey invitation, with
34% (n=21) deceased. Slightly more than half (n=31, 51%)
received a diagnosis. See Supplementary Table 1 for demographic
information of survey respondents.

Some questions were not answered by all respondents, hence
the total sample for each result is presented below.

Altered thinking about the child (n = 60)

Most parents (n = 41, 68%) indicated that the rapid result had not
altered their thinking about their child; 23% (n = 14) indicated that
it had and 8% (n=15) were unsure. Receiving a diagnosis was
more likely to be associated with altered thinking about the child
compared to no diagnosis (p = 0.001).

Comments provided in the free-text components of the survey
give us some insights into the ways in which the rapid results
altered parents’ thinking about their child. For one parent, the
result forced them to acknowledge that the condition was genetic,
and this fact changed their thinking. For other parents, the change
in their thinking was positive; the result made them more
confident in their child’s health or allowed them to think about
what their child requires now and into the future. One parent
indicated that “...by ruling out a number of possibilities it has given
me more opportunity to get to know & appreciate my baby without
getting caught up in labels & diagnosis.” [Respondent #11, child did
not receive a diagnosis]. Two parents who reported altered
thinking discussed both positive and negative impacts of the
results.

“I did have a grief reaction and still have a big fear of the
unknown as the prognosis can be quite poor... It did make me
worry for his future, but also prepared me for challenges he
may face, and how | can optimise his developmental potential.”
[Respondent #30, child received a diagnosis]

Of the parents who stated the results had not altered their
thinking of their child, many expressed that the nature of the
results would not affect their love and/or support for their child.

“Waiting for results for <our son> did make us terrified for his
future however we decided, no matter what, our son would
write his own story and we would just be there to love and
support him every step of the way.” [Respondent #15, child did
not receive a diagnosis]

One of the parents from this group expressed mixed emotions
about the impact of the information they received.

“I still wish we had the opportunity to prevent him entering
this world and living the life we would have never hoped for
him. However, knowing what his limitations are will ensure that
we can provide better care for him now that he is here and
there is no other choice.” [Respondent #1, child received a
diagnosis]

Parent and family functioning (PedsQL2.0 Family Impact
Module) (n = 39)

Those whose child received a diagnosis had a decreased
family relationships score (a sub-score of family functioning)
compared to those whose child did not receive a diagnosis, p =
0.039, Fig. 1. There were no associations between age of child at
consent and Family Impact Module scores. The mean family
functioning scores can be seen in Fig. 2, and the mean sub-scores
in Fig. 3.
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Fig.1 The mean family relationship sub-scores, categorised by whether urES resulted in a diagnosis. *Mean difference 15.5 points (95% Cl:

0.8, 30.2), p =0.039.

State anxiety (STAI-6) (n = 39)
The mean score of respondents for the STAI-6 was 52 + 13.1 out of
80. Most respondents (n = 26, 67%) had elevated state anxiety.
Increased levels of state anxiety were significantly correlated
with increased levels of worry (* = 0.39, p < 0.0001) and problems
with communication (r*=0.35, p=0.0001) as assessed by the
PedsQL2.0 Family Impact Module sub-scores. Increased levels of
state anxiety were also slightly correlated with decreased family
functioning (* =021, p=0.0031). There was no association
between state anxiety and the child’s result.

Parent relationships and health
Parents generally indicated they experienced low levels of conflict
with their partner (Fig. 4), with over 60% (23/38) indicating they
experienced no or little conflict, and just over 10% (4/38) indicating
they experienced ‘a lot of conflict’. Similarly, most parents indicated
satisfaction with their relationship with their partner (Fig. 5), with
61% (23/38) being either ‘very satisfied’ or ‘satisfied’. There was no
association between spousal conflict and the child’s result.
Parents (n=34) were asked to rank 'how good or bad your
health has been over the past 4 weeks’ on a scale of 0-100, with
100 being the ‘best health state you can imagine’ and 0 being the
worst. Participants were not guided whether this rating should be
specific to physical health, mental health and/or general well-
being. The mean score for these respondents was 68 + 21 out of
100. Spousal satisfaction was positively associated with parent
health (p = 0.0124). The mean parent health score for those who
were ‘very satisfied’ with their relationship with their partner was
743+21, compared to 25+7.1 for those who were ‘very
dissatisfied’.

SPRINGER NATURE

DISCUSSION

The aim of this study was to explore concerns about the possible
effects of urkS in the paediatric acute care setting on family
relationships and functioning. We found that receiving a diagnosis
through urES is associated with a decrease in aspects of family
functioning and parents having altered thinking about their child.
Observations from this study are discussed below in the context of
potential clinical implications and limitations.

Our analysis found a significant association between receiving a
diagnosis from urES and a decreased family relationships score.
Research in other settings has found that diagnosing children with
an illness is associated with significant reductions in family
functioning and problems with family relationships [28]. Previous
studies have used a comparison between family functioning,
including family relationships, in children diagnosed with an
illness versus healthy controls [29]. However, these studies cannot
separate the effects on family relationships and functioning of
caring for a sick child versus the effects of actively receiving a
specific diagnosis. This leaves open the question of how receiving
a diagnosis affects family relationships and functioning, indepen-
dently from the effects of caring for a sick child. Our analysis
helped explore this question in an acute care setting. As only sick
children were considered for urES, and roughly half received a
diagnosis, the data collected for our study potentially provides a
way to distinguish the effects of receiving a diagnosis on family
relationships from the effects of caring for a critically unwell infant.
As our analysis found an association between receiving a
diagnosis and a decreased family relationships score, it provides
tentative evidence that, in an acute care setting, additional strains
on aspects of family functioning may be caused by receiving a
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Fig. 2 The mean family functioning scores, categorised by whether urES resulted in a diagnosis. Mean difference between groups is 15

points (95% Cl: —0.2, 30.2), p = 0.0527.

diagnosis, above that of caring for a sick child. One possible
reason for the difference in attitudes between parents who
received a diagnosis versus those who did not, is that receiving a
diagnosis may raise further questions and uncertainties and
necessitate further actions and decisions. This may make it harder
for parents to accept and give meaning to their situations (we
thank an anonymous reviewer for this suggestion). Further
research is required to confirm this association, including whether
it is observed in other settings, and for non-genomic diagnoses.

Our analysis provides some evidence regarding an emerging
concern for rES/rGS; that genomic results may lead to negative
impacts on child-caregiver bonding. Two related, but separate,
concerns have been expressed in the literature. The first is that
receiving a genomic diagnosis early in the newborn period may
be particularly distressing at the time when results are returned
because there has not been sufficient time for caregivers and
children to bond [5]. We investigated this concern within this
cohort by comparing family functioning (including family relation-
ships) and the age of the child when caregivers provided consent
for testing. If bonding mediates the impact of receiving results
through rES/rGS, then receiving a diagnosis when a child is days or
weeks old (when there has been little opportunity for bonding),
should be more disruptive than receiving a diagnosis when a child
is months or years old. Our study found no associations between
any scores from the Family Impact Module and age of child at
consent; therefore, we found no support for the idea that
returning rES/rGS results in the newborn period is more disruptive
than when children are older. However, it remains possible that an
association between age of child at testing and impact on family
functioning would be detected in a larger sample.

The second concern relating to rES/rGS and bonding is that
receiving a genomic diagnosis through rES/rGS may in

European Journal of Human Genetics (2022) 30:1036 - 1043

general disrupt bonding and have negative impacts on children
and families going forward [30]. The fact that we found an
association between a decreased family relationships score and
receiving a diagnosis through urES may support this concern, as
reduced quality of family relationships may disrupt bonding.
However, it is not clear that the association we found between
receiving a diagnosis and a decreased family relationships score
has a persistent effect on relationships. Pereira et al. [31], found no
persistent negative psychosocial effect on children and families
who underwent rGS, compared to other children and families in
the NICU who did not undergo rGS.

One reason why aspects of family functioning may be reduced
in parents who receive a diagnosis is that it leads to heightened
anxiety in caregivers and increased spousal conflict. However, our
analysis found no association between receiving a diagnosis
through urES and spousal conflict or state anxiety. An alternative
explanation is that receiving a genomic diagnosis changes
caregivers’ perceptions of their child, and this in turn could
reduce aspects of family functioning. We did find that receiving a
diagnosis through urES was associated with caregivers having
altered thinking about their child. This altered thinking may take a
variety of forms depending on the nature of the result provided by
urES. In some cases a diagnosis may remove parents’ hope that
their child will be completely ‘cured’, and that these current
challenges are temporary. Some of the qualitative responses
received support this interpretation, with respondents reporting
feeling fear for their child’s future. Furthermore, in non-acute
settings, the process of receiving news about a diagnosis of a
genetic condition in a child often involves parents transitioning
from ‘watchful waiting’ to ‘acceptance’ [32] over a period of
months or years. However, for many of the caregivers who
participated in our study, their ‘watchful waiting’ period would

SPRINGER NATURE
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Fig. 3 The mean scores across the four different scales of the PedsQL2.0 Family Impact Module that were assessed in this study (n = 39).
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Fig. 4 The degree of conflict with their partners our cohort reported experiencing (n = 38).

have been minimal, and the lack of this adjustment period may context might contribute to some parents experiencing what we
have contributed to any negative impact of receiving a diagnosis/ call ‘diagnostic shock'.

result. While a sudden diagnosis or illness can occur in many areas However, altered thinking can also take positive forms.
of medicine, the very young age and rapid time to result in this Caregivers in our cohort described how finding a cause for their

SPRINGER NATURE European Journal of Human Genetics (2022) 30:1036- 1043



H. Bowman-Smart et al.

20—
15

n=13 (34.2%)

n=10 (26.3%)
< 104
5-
[r=2(53%)| [r=2(5.3%)]
0 - B =
Very dissatisfied Dissatisfied Mixed Satisfied Very satisfied

Level of satisfaction
Fig. 5 The level of satisfaction with their relationship with their partners our cohort reported experiencing (n = 38).

child’s condition may have allowed them to accept the illness,
envision a path forward, and understand their child’s needs.
Furthermore, other research has indicated that parents generally
respond positively to receiving results from rapid genomic
sequencing. Hill et al. report that in a sample where the median
age of the child was 2.5 months, parents viewed a diagnosis from
rapid genomic sequencing positively [30]. Cakici et al. found
similar results in their study where the median age of infants was
four days, and also that parents who received a diagnosis were
more likely to perceive the results as useful [33]. The qualitative
responses recorded in our study illustrate the diverse ways in
which parents make meaning in response to rapid genomic
results.

Although caregivers in this cohort reported low decisional
regret [22], our analysis creates a more detailed picture of what a
family might experience and what additional supports might be
required. The observation that aspects of family functioning is low
in groups receiving a diagnosis through urES in paediatric acute
care may help inform genetic counselling practice in this and
other settings, with regard to the potential need for additional
counselling and/or supports to be offered to parents who receive
a diagnosis in their child via genomic testing [34]. Furthermore,
caregivers may benefit from increased support and counselling;
genetic counsellors could alert parents during pre-test counselling
to the potential impacts of this experience on their family
relationships, and also explore parent feelings and relationships
post-test to identify and recommend appropriate external and
longer-term supports. While it may not be possible nor practical to
discuss all potential outcomes of genomic testing during pre-test
counselling in acute care settings, this study emphasises the value
in exploring and managing parental expectations.

LIMITATIONS

Although being critically unwell was a requirement for all children
in this study to receive urES, it is not clear whether the group of
children who received a diagnosis were equally as unwell as
children who did not receive a diagnosis at the time the survey
was completed. Some children in the group who did not receive a
diagnosis had transient problems which had resolved by the time
caregivers completed the survey. Conversely, some of the children
for whom a diagnosis was received were able to be offered better
treatment plans based on their diagnosis. It could be that

European Journal of Human Genetics (2022) 30:1036 - 1043

underlying differences in average health, or differences in clinical
management, between the two groups contributed to differences
in family relationships scores.

Furthermore, we did not separate families where a diagnosis
defined a treatment pathway for the child, versus those where a
diagnosis did not define a treatment pathway. The impact of a
diagnosis on family relationships and parent and family function-
ing may be different in those groups, and larger cohorts will be
necessary to determine this.

Further limitations of this study include the small sample size
and restricted eligibility criteria, in particular the restricted
application of some elements of the survey. Parents who were
experiencing high distress (as assessed by the clinical team), who
did not have sufficient English comprehension, or who did not
leave contact details, were not sent a survey invitation. This may
also have contributed to selection bias and impacted our findings.
Further research on these phenomena in the excluded demo-
graphic groups, with a larger sample size would be useful for
expanding upon our findings.

CONCLUSIONS

This exploratory study provides important insight into the possible
effects of urES in the paediatric acute care setting on family
relationships and functioning. The findings have implications for
genetic counselling practice and future research. The results from
this study suggest that healthcare professionals involved in the
provision of urES in paediatric acute care should be aware of the
possibility of ‘diagnostic shock’, and provide families appropriate
pre-test counselling with extra psychological support following
result return. These data also support previous work outlining the
challenges faced in genetic counselling practice in acute care
settings compared to traditional ambulatory settings [4, 34, 35].
Importantly, health professionals such as genetic counsellors need
to be aware of the potential for family relationships to be
impacted and/or parents to have altered (positive or negative)
thinking about their child after receiving a genetic diagnosis in
their child.

DATA AVAILABILITY
Data generated as part of this study are available from the corresponding author on
reasonable request.
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