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1  |  INTRODUC TION

Congenital heart disease (CHD) affects approximately 1% of all in-
fants and about 25% of cases are severe. In Norway, 125 infants are 
born with severe CHD each year.1 Severe CHD is still a major cause 
of infant deaths worldwide and one of the main causes of mortality 

in countries with high socio-demographic indexes.2 Particularly 
close follow up is recommended for infants with persistently low 
oxygen saturation, staged surgery or residual cardiac impairment.3 
In Norway, about 10% of infants with severe CHD die within the 
first 2 years of life.3 Research has shown that 29% of these deaths 
occurred unexpectedly and that 60% happened after gradual 
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Abstract
Aim: This national study focused on the individualised Heart Observation (HOBS) 
mobile phone app, which helps the parents of infants with severe congenital heart 
disease (CHD) with discharge preparations and decision making at home.
Methods: We enrolled two groups of parents from 2021 to 2023, during their child's 
initial hospitalisation at Oslo University Hospital, Norway. Measurements were car-
ried out at baseline and one and four months after discharge. The study examined 
73 mothers, who assessed the usefulness and stress-related impact of either printed 
materials or the HOBS app, as the fathers' responses were insufficient.
Results: The HOBS app was significantly more useful than the printed information, 
with regard to discharge preparations, follow up at home and ongoing decision mak-
ing, particularly if the infants had sustained cardiac impairment. The average total 
usefulness scores were 23.9/35 (95% CI 21.6–26.1) versus 17.0/35 (95% CI 14.1–20.0), 
respectively. Initial stress significantly decreased from baseline in both groups and 
elevated awareness of deterioration did not increase stress in the HOBS group.
Conclusion: Mothers who used the HOBS app found it significantly more useful than 
the controls who received printed information, particularly if their infant had sustained 
cardiac impairment. Elevated awareness of deterioration did not increase stress.
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deterioration at home.3 Adverse outcomes have not been confined 
to specific diagnostic groups and have extended beyond those cur-
rently receiving home monitoring.3

Giving birth to a child with CHD causes stress and anxiety for 
their parents.4 The anticipated maternity period is replaced with 
uncertainty, heart surgery, intensive care and concerns about the 
future. Parents have been reported to have higher levels of anxiety, 
depression and stress than other parents.5 These increased stress 
levels relate to a combination of the child's increased care require-
ments and the need for increased vigilance. Studies have stated that 
monitoring symptoms should be balanced and not excessive, so that 
family life can be as normal as possible.6,7

Discharge preparations and tools that provide support by bal-
ancing vigilance and normalisation may increase safety for vulner-
able infants and keep parental stress at a manageable level. Studies 
have shown that, despite good results for morbidity and mortality, 
home monitoring of infants with a single ventricle or post cardiac 
surgery did not reduce parental stress.8,9 Mobile phone apps have 
the potential to ensure good-quality discharge preparations and 
support the decisions made by the parents of a diverse group of 
infants with CHD.10 However, mixed results regarding stress re-
duction have been reported by the parents of infants with less 
severe CHD.11–13

Oslo University Hospital is a national specialist centre for all pae-
diatric cardiac surgery in Norway. A project group from the specialist 
centre developed the Heart Observation (HOBS) mobile phone app 
with parents and local healthcare professionals.14 We hypothesised 
that using the HOBS app would be more useful than the existing 
printed information and would not increase parental stress. A fea-
sibility study showed that parents found that HOBS was a useful 
tool that made them feel confident.15 The aim of this controlled trial 
was to compare how useful HOBS was when it was compared with 
standard care using printed information and to assess the effects 
that the app had on parental stress.

2  |  METHODS

This national study was conducted from 7 June 2021 to 6 May 2023 
with two different groups of parents and measurements at three 
time points (Figure 1). We identified the parents of all infants with 
severe CHD who were treated at Oslo University Hospital before 
being transferred to one of the 19 local hospitals for follow up. They 
were recruited if their infants were under 3 months of age, had se-
vere CHD and had been born at more than 33 completed weeks of 
gestation. Other anomalies or genetic or chromosomal conditions 
could be present.16 The exclusion criteria were primary arrhythmic 
diseases, the parents' inability to read, write or speak Norwegian and 
no access to a smartphone.

Parents knew which study group they were assigned to before 
agreeing to participate. Both of the child's parents provided written, 
informed consent and both received links to the questionnaires via 
text messages. These were sent at baseline, which was after their 

child's diagnosis or surgery, and then one and four months after dis-
charge (Figure 1).

2.1  |  Group allocation and implementation

Randomisation was not possible due to the complex nature of the 
intervention and the need for follow up at local hospitals. There was 
a high probability of the intervention becoming contaminated in 
the hospital setting, if the parents in the control and interventional 
groups discussed the study or healthcare professionals adapted new 
routines for discharge preparations. That is why we chose to include 
the participants in two subsequent groups in a pragmatic controlled 
trial.

The control group were recruited first, from 7 June 2021 to 10 
May 2022, and they received the My Heart Binder, which has been 
part of the department's standard care since 2011 (Appendix S1).17 
This was given to them by the nurses before they answered the 
baseline questionnaires (Figure  1).17 The binder contained paper-
based information about their child's diagnosis, medication and post-
operative care. It also covered the possible consequences of their 
condition, what to look for and where and when to call if necessary. 
The material was individualised to each patient by the first author. 
The nurses also provided standard care and guided the parents at 
their child's bedside by following a discharge checklist.

The intervention group were recruited from 16 May 2022 to 6 
May 2023. They downloaded the HOBS app and received a brief 
introduction from the lead author (EHJ), who is a specialist nurse, on 
how it could be used. She also helped them to personalise the app by 
guiding the settings about their child's diagnosis, treatment and any 
monitoring and equipment they needed. This happened before they 
answered the baseline questionnaires (Figure 1). This provided the 
parents with a personalised set of observations to define the child's 
baseline information. The app also provided information adapted 
to their child's care needs, questions to help the parents assess the 
infants' condition at home and a personalised discharge checklist 
(Appendix S1). The intervention included support from healthcare 

Key Notes

•	 We compared how useful mothers found traditional 
printed information or the Heart Observation (HOBS) 
mobile phone app when their children had severe con-
genital heart disease.

•	 Mothers found the HOBS app significantly more useful 
for discharge preparations, follow up at home and on-
going decisions than those who received printed infor-
mation, particularly if their infant had sustained cardiac 
impairment.

•	 Elevated awareness of deterioration did not increase 
stress levels in the HOBS group.
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professionals. The nurses also provided bedside support and ex-
plained to the parents how they could observe and assess their child 
using the app. They were also encouraged to request any guidance 
they needed.

The app has six main interactive features: my child, information, 
contacts, discharge checklist, assessment and a summary function 
displaying former assessments (Appendix  S1). A previous study 
has described the HOBS features and the results of a feasibility 
analysis.14

2.2  |  Outcomes

2.2.1  |  Demographics and health information

The family's demographic information were registered at inclu-
sion. This included the parents' age, marital status and educa-
tion and how many siblings their child had. The specialist nurse 
(EHJ) collected the child's detailed medical information from the 
electronic patient records. Then she, and a cardiologist (HH) who 
was blinded to the group allocation, categorised all the infants in 
the control and intervention groups into two subgroups, based on 
their present and future medical needs. The first group comprised 
those who had completed their treatment. They included those 
with surgically corrected lesions, such as coarctation of the aorta, 
transposition of the great arteries and anomalous pulmonary ve-
nous connection. This group had all shown satisfactory postop-
erative development. The second group comprised infants with 

sustained cardiac impairment, such as significant residual defects, 
complex anomalies with planned or expected cardiac surgery and 
those who required medication after 1 month. The parents of 
the infants in the second group received extra information about 
symptoms and how to interpret and act on the signs of heart fail-
ure or cyanosis.3 This information was incorporated into the writ-
ten material or the HOBS app, as appropriate.

2.2.2  |  Usefulness and use of interventions

The parents were asked to answer seven questions about the per-
ceived usefulness of the interventions during their child's discharge 
and at home (Table 2). The questions were developed for the study, 
based on the aims of the interventions, and the wording was thor-
oughly evaluated by the research group.18 The answers were pro-
vided by using a five-point Likert scale, ranging from one for not at 
all to five for a very high degree. The total usefulness score ranged 
from 7 to 35. Parents could choose not applicable, if appropriate, to 
ensure the validity of the questions.18 Cronbach's alpha was 0.88, 
which showed high internal consistency.

When they were discharged by the local hospitals, the parents 
in the control group verified which leaflets they had been given. 
We used electronic user logs for the different features used in 
the HOBS apps. These registered the parents' assessments, what 
information links they had received and tapped on, calls made to 
healthcare services from the application and the use of the dis-
charge checklist.

F I G U R E  1  Timeline for the interventions and questionnaires.
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2.2.3  |  Paediatric inventory for parents (PIP)

We used the PIP to measure disease-related parental stress.19 The 
PIP comprises 42 items within four domains: communication, emo-
tional functioning, medical care and role function. Parents indicate 
how often an illness-related event had occurred in the past 7 days, 
using the frequency subscale and a five-point Likert scale, ranging 
from one for never to five for very often. They also report how dif-
ficult that event was in the difficulty subscale, which uses a five-point 
Likert scale ranging from one for not at all, to five for extremely. Each 
subscale ranges from 42 to 210 and the sum of both subscales pro-
vides the total PIP stress score of 84–420. This instrument has shown 
good reliability and content validity and has correlated highly with 
state anxiety. However, no clinical cut-offs have been established.19

We translated the PIP from English to Norwegian for the present 
study, using acknowledged methods,20,21 and conducted extended 
validity analyses. Cronbach's alpha showed high internal consistency 
for the total PIP measurements: 0.96 at baseline and 0.97 for both 
1 month and 4 months after discharge. The values for the total fre-
quency scale were 0.91, 0.93 and 0.94, respectively, and they were 
0.95, 0.95, and 0.96 for the total difficulty scale.

The parents also answered questions about the planned and un-
planned use of healthcare services 4 months after discharge.

2.3  |  Statistical methods

The required sample size, based on the primary outcome of the PIP 
scores, was calculated for 1 month after discharge. Based on a sta-
tistical power of 0.80, a significance level of 5%, and a difference of 

20 in the total PIP difficulty scores, we needed to analyse data from 
52 families. We included 80 families, to allow for a 40% dropout rate 
during the study. An independent t-test was used to compare the 
differences between the groups, because the demographics, health 
information, usefulness responses and PIP scores were normally dis-
tributed. The chi-square test and Fisher's exact test were used for 
binary variables, as appropriate. A linear mixed-effects model was 
used to analyse the mean between group changes in the PIP. There 
were eight questionnaires, where less than 5% of the items were 
missing for a subscale. In these cases, we imputed the mean value 
for the remaining items in that specific subscale.22

2.4  |  Ethics

The study was approved by the Regional Committee for Medical 
and Health Research Ethics, South East, Norway (2019/1271), 
and the Hospital's Privacy Protection and Data security com-
mittee (19/23041) and it was registered at Clini​calTr​ials.​gov 
(NCT04315610). Both parents provided written, informed consent.

3  |  RESULTS

3.1  |  Participants

There were 40 families recruited to the standard care group and 40 
to the HOBS group (Figure 2). The mothers and fathers were both 
invited to take part, but there was a high dropout rate among the 
fathers and the final analysis only comprised data from the mothers. 

F I G U R E  2  Trial flow chart of mothers, 
with adjusted response rates for each 
questionnaire.

http://clinicaltrials.gov
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Figure  2 shows the dropout rates for each questionnaire. Four 
families in the HOBS group and three in the control group did not 
respond to any of the questionnaires and were excluded from the 
demographic and health information analyses (Table 1). This meant 
that the analyses were based on 36 mothers using the HOBS and 37 
mothers using the standard printed information.

3.2  |  Demographics and health information

All the infants who were included had severe CHD, according to the 
International Paediatric and Congenital Cardiac Code.23 The HOBS 
intervention group had more complex CHD diagnoses and signifi-
cantly more cardiac impairment, due to their CHD after discharge, 
than the control group. In addition, the HOBS group received more 
cardiac medication, underwent more palliative surgery, had longer 
local hospital stays and used feeding tubes more frequently after 
1 month (Table 1). The HOBS group also had more unplanned hospi-
tal admissions and more planned visits with community nurses than 
the control group. There were no registered deaths. There were two 
unplanned admissions in the control group, one due to COVID-19 
and the other due to the respiratory syncytial virus. There were 10 
unplanned admissions in the HOBS group, including three for urgent 
cardiac catheterisation, three for nutrition issues, one for COVID-19 
and one for the respiratory syncytial virus. The last two had other 
respiratory problems, such as bronchomalacia. The HOBS and con-
trol groups were similar when it came to all the other parameters, in-
cluding parental age, marital status, education and siblings (Table 1).

3.3  |  Implementation and use of interventions

After initial treatment at Oslo University Hospital, both groups 
were followed by a total of 19 local hospitals. Infants in the control 
group were discharged to 14 different local hospitals and the HOBS 
group to 16 different local hospitals. Both groups received their in-
terventions based on an intention to treat basis and the percentage 
that completed these ranged from 83–100% (Appendix  S3). The 
HOBS logs showed that the overall use of the core features ranged 
from 75% to 94%. Just over three-quarters (76%) of the 36 mothers 
completed the HOBS' assessments during the study period a me-
dian of four times. These decreased to 42% of users and a median 
of two times between one and four months after discharge.

3.4  |  Usefulness

The response rate for questions related to usefulness was 81% 
(30/37) in the control group and 86% (31/36) in the HOBS group 
(Table 2). The average total scores for usefulness were17.0 points, 
with a 95% confidence interval (CI) of 14.1–20.0 for the printed in-
formation, and 23.9 points (95% CI 21.6–26.1) for the HOBS app, 
which was significantly higher (p < 0.001). The high usefulness scores 

correlated with the total number of assessments (p = 0.006) and the 
links that were used (p = 0.029) in the HOBS group. Usefulness cor-
related with cardiac impairments after discharge in both groups 
(p = 0.028) and the mothers of infants with cardiac impairment found 
the HOBS app significantly more useful than the mothers who used 
the standard care binder (p = 0.035).

3.5  |  Disease-related parental stress

The univariate analysis of the PIP scores showed no differences 
in stress between the groups at any time point (Table 3). High PIP 
scores at 4 months correlated significantly with sustained car-
diac impairment after discharge (r = 0.65, p < 0.001). The increased 
disease-related stress burden on the mothers of infants with cardiac 
impairment, along with the significantly skewed distribution of these 
infants between the intervention and control groups, required strat-
ification. Linear mixed models were then used to compare mothers 
in each severity group over time. The linear mixed effect models 
showed consistent, but not significantly lower, PIP scores in the 
HOBS group, but no significant change in the mean scores between 
the groups over time (Figure 3).

4  |  DISCUSSION

This study showed that the mothers of infants with severe CHD 
found the HOBS mobile phone app significantly more useful than 
the mothers who used the standard care binder of information. 
This applied to the discharge preparations, support at home, situ-
ations where mothers were uncertain about deterioration and 
when to contact healthcare professionals. Sustained findings also 
indicated that using HOBS did not increase maternal stress, de-
spite its increased and structured focus on symptoms that indi-
cated deterioration.

4.1  |  Improved discharge support

It is important for parents to be prepared when an infant with severe 
CHD is discharged from hospital after initial treatment. Using the 
HOBS app significantly improved the outcomes of discharge support 
that were measured in the mothers. This improvement may stem 
from the integrated features in HOBS that educate parents and im-
prove their understanding and assessment of their child's condition. 
A specialist nurse helped the parents to set up the child's baseline 
data on the HOBS app and this provided them with a reference point 
for new, structured assessments after discharge. This is important, 
because it probably made the parents more aware of what was nor-
mal for their child.

The embedded checklist in the HOBS app may have initiated 
more conversations about the child's discharge and improved the 
mothers' confidence. Parents in the control group, who just received 
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TA B L E  1  Characteristics of the families and infants and their use of healthcare services.

Characteristics of respondents Control group Intervention group p value

Parents and family situation

Age (years), mean (SD)

Mother (n = 35/n = 33) 31.2 (5.4) 31.1 (5.1) 0.914

Father (n = 33/n = 33) 32.3 (5.1) 33.8 (5.2) 0.247

Education after primary school in years, mean (SD)

Mother (n = 35/n = 33) 6.5 (3.3) 5.4 (2.6) 0.123

Father (n = 33/n = 33) 4.8 (2.5) 5.0 (3.3) 0.706

Married or cohabitating, n (%) 37 (100) 36 (100)

Having siblings in the family, n (%) 17 (49) 19 (58) 0.457

Child status n = 37 n = 36

Boy, n (%) 19 (54) 18 (50) 0.510

Birth weight in kg, mean (SD) 3.4 (0.7) 3.2 (0.6) 0.162

Gestational age in weeks, mean (SD) 38.3 (1.9) 38.3 (2.0) 0.144

Intrauterine diagnosis, n (%) 18 (48) 21 (58) 0.407

Diagnosis, n

Transposition of the great arterias 9 0

Coarctation of aorta 7 9

Tetralogy of fallot 4 3

Anomalous pulmonary venous connection 4 0

Complex transposition of the great arterias 3 4

Univentricular heart 0 4

Atrioventricular canal defect 0 4

Pulmonary atresia with ventricular septal defect 0 3

Double outlet of the right ventricle 0 3

Miscellaneous diagnoses 10 6

Treatment, n (%)

Surgery 28 (76) 29 (81) 0.614

Catheterization 4 (11) 4 (11) 0.967

Corrective surgery 24 (65) 17 (47) 0.129

Palliative surgery* 4 (11) 12 (33) 0.025

Waits for timing of surgery* 10 (27) 18 (50) 0.044

Receives cardiac medication* 13 (35) 22 (61) 0.026

Challenges after discharge, n (%)

Cardiac impairment after discharge 19 (51) 30 (83) 0.004

Need of gavage feeding at home 5 (14) 11 (31) 0.080

Comorbidity** 5 (14) 9 (25) 0.213

Hospital stay (days), median, (range)

At specialist centre 13 (2–59) 14.5 (3–77) 0.437

At local hospital 4 (1–26) 7 (0–144) 0.013

Use of healthcare services after discharge n = 24 n = 24

Unplanned admissions to hospital after discharge, n (%) 2 (8.3) 9 (37.5) 0.016

Planned consultations High (≥5) Low (≤4) High (≥5) Low (≤4)

Cardiologist 13 (54) 11 (46) 9 (38) 15 (63) 0.385

Liaison nurse 1 (4) 23 (96) 1 (4) 23 (96) 0.755

General Practitioner 1 (4) 23 (96) 1 (4) 23 (96) 0.755

(Continues)
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the printed information, did not have their own checklist and the 
nurses were responsible for completing the discharge preparations. 
The shift of responsibility, and the use of a structured tool in the 
HOBS group, may have increased maternal empowerment.10,15

4.2  |  Usefulness of interactive features

Going home with an infant who could deteriorate emphasises the im-
portance of understanding what signs to look for and how to recog-
nise them. The higher usefulness scores for the HOBS app at home, 
compared to the standard printed information, might be explained by 
the interactive features. These provided clear stepwise directions on 
how to observe and assess the infant's condition. The individualised 
list of signs to look out for were similar in both groups. However, when 
the parents used the printed information they had to search for more 
information themselves, whereas the recommended resources were 
integrated into HOBS. Other studies have stated that a video dem-
onstrating respiratory distress would be useful for parents and it was 
appreciated by many of the parents who used the HOBS app.15,24

Providing pictures may have made it easier to assess wounds 
using the HOBS app rather than the printed information.14 Obviously, 

parents who received the printed information lacked direct access 
to quality-assured educational videos and pictures. The easily avail-
able, interactive information and support that HOBS provided may 
have contributed to the improved use of information and decision 
support at home.14

In general, personalisation leads to better adoption of mobile 
health apps.25 One study, of the Healing Hearts at Home app, re-
ported that the parents of infants with CHD requested individually 
adapted information.11 In the present study, the parents in both 
groups received individualised information and the mothers found 
that it was adapted well to their child.

The mothers of infants with sustained cardiac impairment 
needed more information after discharge, more preparations before 
discharge and more information about symptoms to be aware of and 
observe. This was reflected in the higher usefulness scores from the 
mothers in both groups and the fact that they used HOBS more than 
the mothers of those whose child had completed treatment. That 
finding supports another study that reported that the use of the 
HOBS app differed according to disease severity.15 Nevertheless, 
the mothers of infants with cardiac impairment who used the HOBS 
app reported significantly higher scores for usefulness than the 
mothers who used the printed information.

Characteristics of respondents Control group Intervention group p value

Community nurse 9 (38) 15 (63) 17 (71) 7 (29) 0.041

Unplanned consultations

Cardiologist 4 (17) 20 (83) 5 (20) 19 (79) 1.0

Liaison nurse 1 (4) 23 (96) 2 (8) 22 (92) 1.0

General practitioner 0 24 (100) 0 24 (100) 1.0

Community nurse 2 (8) 22 (92) 2 (8) 22 (92) 1.0

*Included in the group with infants with cardiac impairment. **Comorbidity includes prematurity, other congenital anomalies, such as airway, 
pulmonary, gastrointestinal, and genitourinary anomalies, and genetic syndromes.16

TA B L E  1  (Continued)

TA B L E  2  Perceived usefulness of interventions.

Possible score: 1–5 range 5–35

Control group 
(n = 30)

Intervention group 
(n = 31)

Mean (95% CI) Mean (95% CI) p

1. To what degree do you experience that the information in the binder/app is adapted to 
your child?

3.4 (2.9–4.0) 3.9 (3.5–4.3) 0.115

2. To what degree has the binder/app been useful to you during discharge from the hospital? 2.4 (1.7–2.9) 3.4 (3.0–3.8) 0.005

3. To what degree has the binder/app been useful after you came home? 2.5 (1.9–3.1) 3.6 (3.2–3.9) 0.005

4. To what degree, has the binder/app helped you making decisions in times of uncertainty 
or deterioration?

2.3 (1.6–3.0) 3.7 (3.0–4.3) 0.004

5. To what degree has advice in the binder/app been helpful about contacting healthcare 
professionals?

2.7 (2.2–3.3) 3.5 (3.0–4.0) 0.048

6. To what degree do you experience that the binder/app is available when you need it? 3.6 (3.0–4.2) 4.8 (4.6–5.0) <0.001

7. To what degree has the binder/app been useful in communication with healthcare 
professionals?

2.3 (1.6–2.9) 2.9 (2.3–3.5) 0.134

Total sum of usefulness 17.0 (14.1–20.0) 23.9 (21.6–26.1) <0.001
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4.3  |  Communication with healthcare professionals

Many mothers added contact numbers and made direct calls from the 
HOBS app. The same page provided advice on who they should con-
tact and in what circumstances. This may explain the high score for 
being able to contact healthcare professionals. However, the moth-
ers did not say that HOBS was more useful when communicating 
with healthcare professionals. This potential benefit may have been 
limited by the fact that the medical staff were unfamiliar with the 

application. Many local hospitals used HOBS for the first time during 
the study, which may have reduced its effect on communication.26

One potential advantage of digital solutions is the ability to share 
results from assessments, together with pictures and videos, with 
healthcare professionals.27 However, HOBS could not be used as 
a third-party app for digital communication with healthcare ser-
vices, due to information and security restrictions in Norway. In 
addition, features like this require well-organised and more or less 
continuous contact with healthcare professionals, which may not 

Control group Intervention group

p(n) mean SD (n) mean SD

At specialist centre (baseline)

PIPtotal (33) 225.2 49.3 (27) 220.0 48.3 0.678

PIPftotal (34) 119.4 22.7 (31) 117.0 22.0 0.661

PIPdtotal (33) 105.8 27.3 (27) 103.1 27.1 0.705

One month after discharge

PIPtotal (24) 177.3 58.2 (22) 178.1 41.6 0.922

PIPftotal (26) 94.6 27.7 (22) 97.8 19.5 0.669

PIPdtotal (24) 83.0 30.7 (22) 80.3 22.7 0.573

Four months after discharge

PIPtotal (21) 162.8 56.2 (18) 188.4 52.6 0.093

PIPftotal (22) 86.6 26.1 (20) 102.0 25.4 0.050

PIPdtotal (21) 75.9 30.0 (18) 88.9 29.0 0.113

Abbreviations: PIPtotal, paediatric inventory for parents total score; PIPftotal, paediatric inventory 
for parents frequency subscale; PIPdtotal, paediatric inventory for parents difficulty subscale.

TA B L E  3  Results of the Paediatric 
Inventory for Parents (PIP) questionnaire 
from mothers of all infants.

F I G U R E  3  Linear graphs showing the 
mean between-group changes in the PIP 
total over time, among the mothers of 
infants with cardiac impairment.
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be cost-effective in this population.9 Users of other digital support 
apps, such as WeChat, appreciated the direct communication with 
a CHD nurse, as well as the educational material.12 Despite this, the 
parents who used WeChat wanted to be able to digitally transfer 
pictures, videos and video communication as well as send text mes-
sages.24 The method that is chosen is a question of resources and 
local conditions and our study showed good maternal responses to 
an easily available solution.

4.4  |  Use and normalisation

The user logs showed that HOBS was mainly used for the first month 
after discharge and less frequently between one and four months. 
Assessments and information links were only used when needed, 
which corresponded to the findings of our previous feasibility study. 
Parents want a normal family life when possible15 and other studies 
have found similar priorities in populations with CHD.7,28 However, 
our concerns about the excessive use of the app, because of the 
increased availability, did not materialise. Other studies have con-
firmed that the frequent use of home assessments is not desirable, 
because they constantly remind users of their child's vulnerability 
and disease.25 Parental education before discharge may increase 
vigilance and give them the self-confidence they need so that they 
don't keep doing regular assessments. It may also ensure that they 
use the app when needed.28

4.5  |  Disease related stress and vigilance

Digital supportive apps have been shown to reduce stress and anxi-
ety in cases of mild CHD.12 However, home monitoring has not been 
associated with less stress and anxiety among the parents of infants 
with more complex malformations.9,28 Parenting infants with severe 
CHD and sustained cardiac impairment almost inevitably increases 
disease-related stress.7,29 When that was measured with the PIP in 
our study, it showed a borderline higher frequency of stress-related 
events in the HOBS group at 4 months. This was probably because 
infants in the HOBS group had significantly more cardiac impair-
ment, were waiting for surgery, had higher care demands and had 
more unplanned admissions. When we compared the mothers of 
infants with sustained cardiac impairment, there was no significant 
difference in maternal stress between the HOBS and control groups 
(Figure 3).

More of the frequent admissions among the HOBS group could 
be explained by exaggerated vigilance when using the application.6 
However, all the admissions were related to a specific illness that 
needed treatment and surveillance, reflecting higher morbidity in 
the intervention group. In summary, our study indicates that HOBS 
enabled mothers to monitor their infants at home without causing 
them extra stress.

4.6  |  Limitations

This study had several limitations. It was a non-randomised prag-
matic controlled trial that provided a complex intervention in a com-
plex setting. The intervention was implemented at a specialist centre 
and the infants were then discharged to local hospitals for further 
follow up. Variations in care and support at the different hospitals 
may have had an impact on the results and how well the intervention 
was used.25 However, both groups received the intended informa-
tion and most of the questions about usefulness were independ-
ent of local healthcare professionals. Complex studies like this may 
have the best internal validity if they are solely used in the environ-
ment that the application was designed for. Consequently, the find-
ings are not automatically transferrable to other settings without 
adaptations.30

Furthermore, the questions about usefulness were developed 
for this specific study. Questionnaires that have been devised by 
researchers may suffer from ambiguity and misinterpretation.18 In 
this study, the questions were based on a well-grounded concept 
and the aims of the interventions and the wording were thoroughly 
discussed in the research group. Nevertheless, we are not aware of 
any established alternative and the results agree with our earlier fea-
sibility study.14

To decrease the burden on the respondents during their 
child's admission to the neonatal intensive care unit, the first PIP 
measurement was carried out on the same day that the parents 
started to use the intervention. This may have had an impact on 
the mothers' responses. The results should be interpreted in light 
of the small sample size, the high attrition at 4 months and the un-
even distribution of infants with cardiac impairment in the groups. 
We have no reasonable explanation about why the infants in the 
HOBS group had more complex CHD and consider this unfortu-
nate distribution as incidental. This uneven distribution resulted 
in an underpowered analysis of stress and may have decreased 
the probability of discovering a true effect. Finally, we were only 
able to assess the mothers who used the HOBS app or the stan-
dard printed information, due to the high dropout rate among the 
fathers.

5  |  CONCLUSION

Mothers who used the HOBS app found it significantly more use-
ful for discharge preparations, follow up at home, ongoing decision 
making and contacting healthcare professionals than the controls 
who received printed information. This was particularly the case if 
their infant had sustained cardiac impairment. The structured paren-
tal education embedded in HOBS app, and its interactive features, 
may explain these benefits. This study indicated that most mothers 
who used HOBS managed to balance normalisation and vigilance 
without excessive stress.
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