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Abstract

Background: Perinatal depression, especially minor depression, is common during pregnancy and is likely to continue
into the postpartum period. It may impair the mother’s health, the infant’s neurodevelopment, and the mother-infant
relationship. Screening for perinatal depression is recommended; however, there is no consensus on how to treat
depressive symptoms while simultaneously supporting the mother-infant relationship. Ultrasound examination has been
shown to improve maternal-fetal attachment among pregnant women. Our aim is to develop a four-dimensional (4D)
based interactive ultrasound intervention and test whether it relieves minor depressive symptoms and improves maternal-
fetal attachment. Previous studies show that supporting the mother-infant relationship aids in relieving maternal
depression. Until now, few studies have combined pregnancy ultrasound and psychological support.

Methods: A controlled randomized setting was designed to assess whether interactive 4D-ultrasound intervention would
decrease maternal depressive symptoms, strengthen maternal-fetal attachment, and mother-infant relationship. An
obstetrician and a psychologist specialized in infant mental health conduct the interventions. The focus is to jointly observe
the behavior of the fetus according to the mothers’ wishes. Altogether, 100 women scoring 10–15 on Edinburgh Pre-/
Postnatal Depression Scale (EPDS) and with singleton pregnancy are recruited using a web-based questionnaire. Half of the
participants will be randomized to the intervention group and will undergo three interactive ultrasound examinations. The
primary outcomes are a decrease in perinatal depressive symptoms assessed with EPDS and an increase in maternal
attachment. The maternal attachment was assessed using the Working Model of the Child Interview (WMCI), the Maternal
Antenatal Attachment Scale (MAAS), and the Maternal Postnatal Attachment Scale (MPAS). Secondly, we hypothesize that if
the intervention decreases prenatal depressive symptoms and improves prenatal attachment, the decrease in depressive
symptoms and improvement in mother-infant relationship is seen postnatally.

Discussion: Ultrasound is widely used during pregnancy. The interactive approach is unique and may be feasible as part of
routine screenings and maternity clinic visits. Intervention that decreases depression and simultaneously supports maternal-
fetal attachment would be a valuable addition to the treatment of minor depression among pregnant women.
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Introduction
Background and rationale {6a}
Perinatal depressive symptoms are a significant health
problem affecting both mothers’ and infants’ well-being. Ac-
cording to systematic reviews, the global prevalence of peri-
natal depression varies between 8.5 and 11.9% [1, 2]. The
incidence in the Finnish population is between 7 and 13%
[3–5] and is 14.5% internationally [6]. The use of different
instruments and cut-off points to assess depression may ex-
plain the varying results [7]. In a Finnish cohort sample,

24% of pregnant women reported moderate levels of depres-
sive symptoms throughout their pregnancy [8]. The preva-
lence of minor depression during pregnancy has not been
studied as systematically as major depression, even though
minor depression may be more common [9, 10]. Maternal
depressive symptoms during pregnancy tend to remain
stable and continue into the postpartum period [1, 11–15].
Maternal perinatal depressive symptoms have an adverse

effect on the early mother-infant relationship through three
components: pre- and postnatal attachment, mental repre-
sentations and parent-infant interaction behavior. Maternal
prenatal depressive symptoms have a negative association
with attachment to the unborn infant [13, 16–19], which,
in turn, predicts low maternal involvement in the mother-
infant interaction [20, 21]. Prenatal depressive symptoms
have also been shown to be risk factors for suboptimal
postnatal maternal attachment [13, 22]. It has been found
that pregnant women at the most risk of low levels of at-
tachment are depressed and have negative feelings toward
the upcoming birth and parenthood [19]. Furthermore,
various studies have shown that prenatal depression dis-
torts the mothers’ representation of the infant and their
own upcoming motherhood, which, in turn, predicts dys-
functional postnatal mother-child interaction [23–25]. Pre-
natal representations of pregnant women have been shown
to remain quite stable from pregnancy to the postnatal
period [26–28]. Maternal depression predisposes the infant
to several adverse neurodevelopmental risks [29–31]. A
Finnish longitudinal study suggests an additive effect of
maternal pre- and postnatal depressive symptoms on child
neurodevelopment [32].
The fetal effects of antidepressant medication used

during pregnancy should be taken into account. For
example, fetal exposure to selective serotonin reuptake
inhibitors (SSRIs), which are commonly used
antidepressants [33], is associated with neonatal
maladaptation [34] and increased rates of depression in
early adolescence [35]. The literature has consistently
highlighted the importance of identifying women at risk of
perinatal depression by screening depressive symptoms
and determining effective and individual prevention
strategies [11, 25, 36, 37]. However, a decrease in a
mother’s depressive symptoms alone does not necessarily
improve parenting or the infant’s well-being [38–41].
Some evidence indicates that relationally focused treat-
ments may be more effective than traditional treatments
in treating maternal depression [38, 42]. Supporting the
mother-infant relationship makes it possible to decrease
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maternal depression [13, 43, 44]. Thus, early interventions
supporting the mother-infant relationship or parenting
should be available in primary health care [45, 46] and
should start before birth to improve the child’s subsequent
development of the child [43, 47].
Ultrasound examinations have a beneficial impact on

maternal-fetal attachment [48–51] in low-risk pregnancies.
Especially, three-dimensional (3D) and four-dimensional
(4D) ultrasounds can enhance mental images about the fetus
and increase bonding [52, 53]. There are few studies on
combining pregnancy ultrasound and psychological support
[54–59]: these interventions are based on an ultrasound
consultation method, where the fetus is observed with the
mother-initiated interaction [54]. A study involving a small
group of women with low-risk pregnancies found that par-
ticipation in ultrasound consultation could improve mater-
nal attachment and decrease general anxiety symptoms [55].
Intervention in parenting using interactive 4D ultrasound
with a focus on mentalization among substance-abusing
pregnant women showed high attendance in intervention
visits compared with routine care [58]. The way in which
ultrasound examinees comment on and interpret the ultra-
sound images and fetal actions influences parents’ prenatal
mental representations of the fetus [60]. Routine ultrasound
examinations provide pregnant women a step toward par-
enthood and a possibility to see the fetus [61] and reduce
their worried state of mind [62].
Using interactive ultrasound, we conducted a qualitative

study to map the experiences of women at risk of preterm
birth. The pregnant women’s experience of the intervention
was that it made the fetus more real, strengthening their
feelings of attachment to their fetus [59]. The interactive
ultrasound intervention has the potential to strengthen
maternal prenatal attachment and representations and
decrease anxiety and depression. Pregnancy ultrasound may
thus be used as a tool for assessing fetal risks, but also an
instrument in prenatal psychological interventions.

Objectives {7}
Aim
The primary aim of the present study is to evaluate, whether
interactive ultrasound decreases perinatal depressive
symptoms by increasing maternal attachment. The
secondary aim is to evaluate whether interactive ultrasound
improves also postnatal mother-infant interaction.
The specific hypotheses are as follows:

1) The intervention decreases prenatal depressive
symptoms and improves the attachment to the fetus.
a) The mothers in the intervention group will have

fewer depressive symptoms after intervention
than before the intervention.

b) The decrease in depressive symptoms will be
greater in the intervention group than in the
control group.

c) The improvement of prenatal attachment from
the pre-intervention to the post-intervention
time will be greater in the intervention group
compared with the control group.

d) The mothers in the intervention group will have
a more balanced attachment representation
after the intervention than before the
intervention.

e) The change from non- balanced to balanced
attachment representations will be greater in the
intervention group than in the control group.

2) If the intervention decreases prenatal depressive
symptoms and improves prenatal attachment, the
effect prevails postnatally and improves mother-
infant interaction.
a) The decrease in the depressive symptoms

remains in the intervention group 4 to 5 months
old.

b) The mothers in the intervention group will have
a stronger attachment to their infant when the
child is 4 to 5 months old.

c) The quality of mother-infant interaction will be
higher in the intervention group than in the
control group when the child is 4 to 5 months
old.

Moreover, we will explore the effect of the
intervention on various forms of maternal psychological
distress. However, too little is known about the
trajectories of pregnancy-related anxiety in low-risk pop-
ulations to state a hypothesis about this. For perinatal
outcomes such as preterm birth (< 37 gestational weeks,
[gwks]), intrauterine growth restriction (IUGR), and low
(< 2.5 kg) birth weight at delivery, the power of the sam-
ple is likely to be too low to gain significant differences
between groups.

Trial design {8}
The study design is a randomized controlled trial utilizing
an intervention group and a control group. Only the
intervention group will participate in three interactive
ultrasound examinations. All the data collection measures
will be done for both intervention and control groups.
Also, the attachment representation interviews about their
mental health representation of their unborn baby and
relationship with the baby will be done twice during the
pregnancy for both groups. The trial design is described in
the research chart (Appendix 1).
Pregnant women with depressive symptoms are

recruited by an advertisement shared on social media by
the women’s clinic of Turku University Hospital and by
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brochures distributed at routine ultrasound scans. The
advertisement includes a link to an electronic Edinburgh
Pre-/Postnatal Depression Scale (EPDS)-questionnaire.
The research team’s doctoral student contacts by phones
eligible women, who have provided their contact
information, to recruit them.
Those women who agreed to participate in will receive

informed consent and the first set of questionnaires by
e-mail. During this first contact, the research doctor also
schedules the first attachment representation interview
with the participants and does a clinical interview to as-
sess the severity of depression. The informed consent
forms are signed and collected before starting the first
attachment representation interview.
The attachment representation interviews are

conducted twice with all the participants between 25
and 35 gwks. Randomization to intervention and follow-
up groups occurs after the first attachment representa-
tion interview. The participants in the intervention
group will receive three interactive ultrasound
examinations.
The mother-infant interaction is video-recorded from

all participants when the baby is 4–5 months of age.
Background information is collected by means of an

electronic questionnaire during the first study visit.
Information about depressive and anxiety symptoms, as
well as feelings of attachment, is collected by means of
electronic questionnaires at three time points: in
connection with the attachment representation
interviews during pregnancy and the interaction
observation visit when the baby is 4–5 months old. The
information about the participants’ previous psychiatric
diagnoses and pregnancy data are collected from
electronic medical records. Prenatal care continues as
usual.

Methods: participants, interventions, and
outcomes
Study setting {9}
In Finland, over 99% of all pregnancies are monitored in
Healthy Maternity Clinics [63] that are part of the basic
healthcare arranged by the municipalities. The clinics
provide screening for fetal chromosomal abnormalities
at the end of the first trimester and for severe structural
abnormalities between 19 and 21 gwks, as well as offer
family support, with attention to relationships and
parenting. Risk pregnancies are also referred to
maternity outpatient clinics in hospitals. Deliveries and
conditions requiring emergency care are treated in
hospitals as well. The Finnish health care system
supports women experiencing miscarriage, stillbirth, or
adverse pregnancy outcomes [64]. The perinatal
mortality rate in Finland was 0.4% in 2019 [65].

This study is carried out at the Hospital District of
Southwest Finland, at the maternity clinic of Turku
University Hospital, and in collaboration with the
Department of Psychology, University of Turku. This
tertiary level hospital offers extensive specialized health
care services to the residents. There are approximately
4000 births annually; in 2020, there were 3811 births
[66].

Eligibility criteria {10}
The inclusion criteria are as follows:(1) 10–15 points on
the EPDS, (2) singleton pregnancy, (3) over 18 years of
age, (4) body mass index under 35, and (4) fluency in
the Finnish language.
The exclusion criteria are psychotic and self-

destructive symptoms. The use of antidepressant medi-
cation is not an obstacle to participation.
The women are recruited after the routine screening

for severe structural abnormalities between 19 and 21
gwks offered by the municipalities. Severe structural
abnormalities are an exclusion criterion.

Who will take informed consent? {26a}
An information letter, which can be found on the
project’s webpage is emailed to the women who have
completed the depression screener through the webpage.
The graduate students in psychology collect the
informed consent forms from the participants at the
beginning of the first study visit, which is the
attachment representation interview.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
These are not applicable. No biological specimens are
collected in this study.

Interventions
Explanation for the choice of comparators {6b}
The Finnish Institution for Health and Welfare (THL)
recommends that the Healthy Mother Clinics screen for
depressive symptoms using EPDS at 13-18 gwks. If the
EPDS score is 13 or more, THL recommends that the
pregnant woman should be referred to the general prac-
titioner in a Healthy Mother Clinics for further assess-
ment. If the total score is 10–12 points, the EPDS
should be repeated within 2-4 weeks. In case of self-
destructive thoughts, immediate help should be orga-
nized, also on call [67]. All the pregnant women are
screened for depressive symptoms using the EPDS in the
communal Healthy Mother Clinics. The pregnant
woman’s mood should also be assessed by observation
and discussion [68].
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Intervention description {11a}
The method is pregnancy ultrasound combined with an
interactive approach; a joint observation of the fetus
based on the woman’s wishes. An obstetrician, a
specialist in maternal-fetal medicine, and a psychologist
specialized in psychotherapy and infant mental health
jointly conduct the intervention. Three intervention
visits are carried out between 25 and 33 gwks because
the visibility of the fetus decreases after 33 gwks.
The focus of the ultrasound examination is to follow

the fetal activities inside the womb, to work with mental
images regarding the fetus and the pregnancy, and listen
to the woman expressing her thoughts regarding the
fetus. In the beginning, the obstetrician ensures that the
pregnant woman understands the images on the screen.
Thereafter, the obstetrician, the psychologist, and the
woman jointly watch what the fetus does during the
examination. Observations are made on what is seen on
the screen and on fetal activities taking into account the
woman’s reactions. The sonographer and the
psychologist avoid making any interpretations about the
fetus or its behavior. Rather, they comment on the
behavior as it is happening. The aims are to facilitate
and emphasize pregnant women’s own perceptions of
the fetus. With 4D ultrasound, it is possible to see the
fetus’ face and facial expressions and discuss these with
the mother. The intervention visits follow a structured
course (Appendix 2. The course of intervention visits).
The examination lasts approximately 40 min, and the
women participate alone without the presence of the
fetus’ father. The ultrasound examinations are
videotaped for later analysis.
The other parent may join the ultrasound examination

once after the actual intervention to see the fetus.

Criteria for discontinuing or modifying allocated
interventions {11b}
No modifications have been made so far. All participants
receive the same intervention treatment; three
interactive ultrasound examinations lasting
approximately 40 min each. In case of a pregnancy
complication, the woman is referred to a clinical check-
up. Also, in case of fetal demise, an obstetrician is con-
tacted immediately. Interactive ultrasound examinations
are conducted in the same outpatient clinic where risk
pregnancies are monitored. The obstetricians, who are
specialists in maternal-fetal medicine are also employees
of the women’s clinic in Turku University Hospital.

Strategies to improve adherence to interventions {11c}
The three intervention teams each comprise a
psychologist and an obstetrician. All interventionists
receive training in the interactive approach. The
structure of each session is described, and key themes of

the sessions are listed. Intervention teams meet together
frequently to review the video-recorded intervention ses-
sions in order to enhance adherence to the course of the
intervention visits.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Prenatal care continues as usual. Other support or
therapeutic treatments are also allowed.

Provisions for post-trial care {30}
No provisions for post-trial care are necessary.

Outcomes {12}
The primary outcome of the study is perinatal
depressive symptoms analyzed as a change in the EPDS-
mean score from before the intervention to after the
intervention, maternal attachment, and prenatal
representations before and after the intervention. The
secondary outcomes are maternal-infant-relationship-
related outcomes; maternal pregnancy-related psycho-
logical distress, and mother-infant interaction. The sec-
ondary outcomes are analyzed with both quantitative
and qualitative methods.

Participant timeline {13}
The participant timeline is described in Appendix 1.
which is a research chart.

Sample size {14}
The study aims to compare changes in EPDS scores
between two independent groups. A mean decrease of
three points in the EPDS score is considered clinically
relevant and used for power calculations. A standard
deviation (SD) of 3.5 points in the EPDS score used in
power calculations was based on earlier studies in the
Finnish population showing an SD of 3.7–4 [25]. A
power analysis using a statistical power of 80% and a
significance level of 0.05 (two-tailed) showed that 50
subjects are needed in both groups. Because of an
estimated attrition rate of 10%, 60 subjects for both
groups are currently being enrolled. Randomization was
performed with random permuted blocks, using block
size 10. The SAS® was used to generate the
randomization (Version 9.4 for Windows).

Recruitment {15}
Pregnant women with depressive symptoms are
recruited by an advertisement repeatedly shared in social
media by the Department of Obstetrics and Gynecology
in Turku University Hospital and by brochures
distributed during routine ultrasound scans. The
recruitment advertisement includes a link to the
research project’s web page, where the pregnant women
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can fill out an electronic EPDS questionnaire and
provide their contact information. The research team’s
doctoral student phones those women who have
received 10-15 points on the EPDS questionnaire in
order to recruit them. During the first contact, the doc-
toral student ensures that the women meet the inclusion
criteria, interviews them with Structured Clinical Inter-
view for Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV-TR (SCID), and makes an appoint-
ment for the first attachment representation interview
(Working Model of the Child Interview [WMCI]). The
doctoral student also contacts the women who have re-
ceived 16 or more on the EPDS questionnaire or re-
ported suicidal thoughts in order to identify their need
for support.
Due to the COVID-19 pandemic, the recruitment was

suspended from March 16 to September 22, 2020, but
has continued since then.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization for the intervention and the control
groups was performed with random permuted blocks,
using block size 10. SAS® was used to generate the
randomization (Version 9.4 for Windows, SAS Institute
Inc., Cary, NC, USA), and programming was done by a
biostatistician.

Concealment mechanism {16b}
The randomization list is kept in a locked place to
which only the study group has access. After the first
attachment representation interview, the interviewer
looks at a separate randomization list to find out the
group to which the participant is assigned and reveals it
to the participant. Two graduate students of psychology
carry out the interviews, which are scheduled according
to the gestational weeks of the participants.

Implementation {16c}
A biostatistician carried out the allocation sequence
before the start of the present randomized study. The
doctoral student contacts potentially eligible women to
recruit them, ensures that they meet the inclusion
criteria, conducts an SCID interview, and makes an
appointment for the first attachment representation
interview. The graduate students of psychology conduct
the first WMCI- interview, they then look at the
allocation sequence to find out the group the participant
is assigned. Two graduate students work on the project
simultaneously and have received training to follow the
study protocol.

Assignment of interventions: blinding
Who will be blinded {17a}
Blinding of the coders of the representation interviews
and the mother-infant interaction is important for avoid-
ing bias. However, two coders who rate the attachment
representation interviews are not completely blinded, be-
cause one of them is a member of the intervention team.
To avoid bias, the coder who rates the second represen-
tation interview does not know the group to which the
participant belongs. However, the participants may talk
about the intervention visits during their post-
intervention interview, thus revealing their group
allocation.
Similarly, the coders of the mother-infant interaction

situations are not completely blinded. Oner is the main
coder, doing 100% of the codings, and is not completely
blinded to the sample because she has interviewed some
participants and may thus know their study group status.
However, the reliability coder, who does 25% of the cod-
ings overlapping those done by the main coder, is com-
pletely blinded for the group status.
The participants know to which group they belong,

which is also a potential source of bias. However, in the
informed consent form, they are not exactly told about
the primary outcomes of the study.

Procedure for unblinding if needed {17b}
This is not applicable. See the “Who will be blinded
{17a}” section.

Data collection and management
Plans for assessment and collection of outcomes {18a}
The study’s outcomes are assessed and collected using a
mixed-methods approach that comprises self-reported
and observation-based measurements. The data on the
self-reported measurements are collected using elec-
tronic questionnaires. The data on the observation-
based assessments are collected from video-recorded in-
terviews and interaction situations. Because of the
COVID-19-pandemic, the interviews may be carried out
with remote connections.
The data from the questionnaires are collected and

managed using the Research Electronic Data Capture
(REDCap) tools hosted in the University of Turku [69,
70]. REDCap is a secure, web-based software platform
designed to support data capture for research studies,
providing (1) an intuitive interface for validated data
capture, (2) audit trails for tracking data manipulation
and export procedures, (3) automated export procedures
for seamless data downloads to common statistical pack-
ages, and (4) procedures for data integration and inter-
operability with external sources.

Pulliainen et al. Trials          (2022) 23:313 Page 6 of 14



Data collection measures
The women’s background variables’ such as parity, age,
antidepressant medication, and care contacts within
healthcare are collected electronically by REDCap in
connection with other questionnaires before the first
attachment representation interview.

Prenatal and postnatal depressive symptoms
Prenatal and postnatal depressive symptoms are assessed
using the Edinburgh Pre-/Postnatal Depression Scale
(EPDS). The EPDS is a reliable, validated, and
internationally accepted 10-item self-rating instrument
for screening depressive symptoms, with the score ran-
ging from 0 to 30 points [7, 71]. For minor depression,
the lowest cut-off score is 10 points [7, 71, 72]. The cut-
off score for major depression varies from 13 points [73,
74] to 15 points [74]. In the Finnish cohort, the cut-off
score of ≥ 12 points is used for probable depression [75].
The higher the score, the higher the probability of clin-
ical depression.
The EPDS questionnaire is filled out electronically by

REDCap at three time points: in connection with the
two attachment representation interviews and the
interaction observation visit in the postpartum period.
During the recruitment phase, the first EPDS
questionnaire is filled out voluntarily on the project’s
web page by those women who are interested in
participating. After their recruitment, the participants
individually receive the links to the electronic
questionnaires.

Depression
Depressive symptoms are also evaluated by The
Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders (SCID). It is a
valid, diagnostic, and widely used semi-structured inter-
view designed to evaluate psychopathology categorically.
For example, it can be used to assess the severity of di-
mensions of depression [76]. The interview is reliable in
clinical screening as well as for research purposes and
can be conducted over the phone [77]. Only the depres-
sion module of the SCID is used in the present study.
The SCID is chosen to verify clinical depression and its
severity.
Using the SCID, the doctoral student conducts phone

interviews with eligible women upon recruitment.

Pregnancy-Related Anxiety
Pregnancy-specific anxiety is assessed with the
Pregnancy-Related Anxiety Questionnaire Revised
(PRAQ -R2) [78, 79], which is a validated and shortened
version of the 34-item PRAQ [80]. PRAQ-R2 is suitable
for use in pregnant women regardless of parity. It is a
10-item self-report scale that consists of three subscales:

(1) fear of giving birth, (2) fear of bearing children with
physical or mental handicapped, and (3) concern about
one’s appearance. Each item score ranges from 1 (defin-
itely not true) to 5 (definitely true). A higher score rep-
resents a higher level of anxiety.
The PRAQ-R2 is filled out electronically by REDCap

twice in connection with the representation interviews.
After their recruitment, the participants individually re-
ceive the links to electronic questionnaires.

General anxiety
General anxiety symptoms are measured with the
anxiety subscale of the Symptoms Checklist 90 (SCL-
90), which is a valid and reliable 10-item self-report,
with each item rated from 0 (not at all) to 4 (extremely)
[81]. It can be used in both clinical and research settings
[82].
The anxiety subscale of the SCL-90 questionnaire is

filled out electronically by REDCap twice, in connection
with the representation interviews. After their recruit-
ment, the participants individually receive the links to
the electronic questionnaires.

Prenatal maternal relationship with the infant

Prenatal attachment Prenatal maternal emotional
attachment is measured using the Maternal Antenatal
Attachment Scale (MAAS), which is a validated 19-item
instrument designed to evaluate prenatal attachment to
the fetus using the dimensions of “quality of attachment”
(10 items e.g. experiences of closeness, tenderness, pleas-
ure in interaction, distress at fantasized loss and concep-
tualizing the fetus as a “little person”) and “intensity/
time spent in attachment mode” (8 items, e.g., the
amount of time spent thinking about, talking to, dream-
ing about or palpating the fetus, quality of involvement
and intensity of preoccupation). One item (feeling
whether the fetus is dependent on the mother for its
well-being) is excluded from either dimension but is in-
cluded in the global score. A high combined score indi-
cates a strong attachment to and relationship with the
fetus [18, 83, 84].
The MAAS questionnaire is filled out electronically by

REDCap twice in connection with the representation
interviews. After their recruitment, the participants
individually receive the links to the electronic
questionnaires.

Attachment representations Prenatal attachment
representations are assessed using the Working Model
of the Child Interview (WMCI) [85]. This semi-
structured interview systematically explores the parents’
thoughts, feelings, and perceptions at the moment and
in the future, about their fetus and relationship with
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their expected baby. This study uses a prenatal version
of the attachment representation interview [28]. The in-
terviews are conducted and recorded in either a labora-
tory or a home setting. Because of COVID-19
restrictions, remote interviews are also allowed, which
are conducted with safe online conferencing and record-
ing software. The interviews are carried out by the
graduate students in psychology, who are trained in the
interview protocol.
From the recorded interviews, representation narratives

are evaluated according to the WMCI coding manual [86].
First, the narrative is evaluated with six qualitative scales
(Richness of Perceptions, Openness to Change, Intensity
of Involvement, Coherence, Caregiving Sensitivity, and
Acceptance) and two content scales (Infant Difficulty and
Fear of Infant’s Safety). The quality and content scales are
coded with a Likert-type scale ranging from 1 to 5 [86].
Subsequently, the narratives are categorized into balanced,
disengaged, and distorted representations. Disengaged and
distorted representations can also be classified as non-
balanced representations.
Two trained coders who have attained an appropriate

level of reliability in their training, with more than 80%
agreement between the trainer and the trainee, analyze
the attachment representation interviews.
The graduate students in psychology conduct the

representation interviews twice at gestational weeks 25
and at 33–35.

Postnatal mother-infant relationship

Postnatal attachment Postnatal maternal emotional
attachment is measured using the Maternal Postnatal
Attachment Scale (MPAS), which is a validated 19-item
postpartum counterpart of Condon’s MAAS [84]. It mea-
sures the mother’s reported feelings about her infant by
three factors: (1) quality of bonding, (2) absence of hostil-
ity, and (3) pleasure in interaction [87]. A higher score in-
dicates a more adaptive mother-infant bonding style [87].
The MPAS questionnaire is filled out electronically by

REDCap in connection with the postpartum interaction
observation visit. After their recruitment, the
participants individually receive the links to the
electronic questionnaires.

Mother-infant interaction The quality of the mother-
infant interaction is assessed using the Parent-Child
Early Relational Assessment (PCERA) [88, 89], a video-
observation method. The interaction situations are re-
corded by the graduate students in psychology 4–5
months postpartum. In the current study, the mother-
infant interaction is video-recorded during a free-play
session using a standardized set of toys. The videos are
recorded in a laboratory setting to standardize the

environment. The situations are analyzed according to
the PCERA manual [89], which consists of 65 independ-
ent items: 29 parental, 28 children, and eight dyadic
items. Ratings are based on a 5-min interactions se-
quence. The items are scored from 1 to 5; scores 1 and
2 represent an area of concern, 3 denotes an area of
some concern, and 4 and 5 signify an area of strength.
Two trained coders who have achieved an appropriate
level of reliability, with more than 80% agreement with a
trainer of the method, analyze the quality of the inter-
action according to the manual. The method has good
factorial validity and evidence for convergent and dis-
criminant validity as well [88, 90].

Plans to promote participant retention and complete
follow-up {18b}
Participant retention can be strengthened by phone calls
or short message service as needed.

Data management {19}
A data file description is required by the Ethics
Committee of the Hospital District of Southwest Finland
in order to obtain research permission. The participants’
files are preserved separately from the research data in a
secure place. The participants are assigned ID codes that
will be used for data storage and analysis. The research
data are pseudoanonymized: the recruitment log of the
participants is used to undo the ID codes and is kept
separately from the data files. The form data are stored
in REDCap [70], which, in turn, is stored in a secure
network drive of the University of Turku. The
videotapes are stored in a secure online storage of the
University of Turku.
The University of Turku automatically provides copies

of the research data into three independent servers
when the data are stored. The servers also function as a
data backup system. Only the members of the study
group have access to the data. Access to the storage is
controlled by the principal investigator of the study.
Access also requires a personal username issued by the
University of Turku. The allowed access to the data is
issued only for the active research period. The principal
investigator keeps a record of those who have active
access to the data. All the data will be disposed of 10
years after the last publication.

Confidentiality {27}
See the “Data management {19}” section.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}.
These are not applicable. No biological specimens are
collected in this study.
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Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The categorical variables of the study are characterized
using frequencies and percentages. Continuous variables
with means and SDs or medians with ranges and/or
25th and 75th percentiles are used. Age is summarized
with the mean and the range.
If the assumptions for parametric analyses are met, the

mean change of the EPDS score over time is analyzed
using a linear mixed modeling approach for repeated
measures. Then, the time point is considered as a
within-factor and the treatment intervention as a be-
tween factor-effect. The effects of the participants’ back-
ground variables’ parity, age, antidepressant medication,
care contacts within healthcare, and so forth, are also
tested. The time point x intervention interaction de-
scribes whether the mean changes over time differ be-
tween the groups. The covariance structure of the
unstructured (UN) and the compound symmetry (CS) is
tested. The differences (together with 95% confidence
interval [CI]) between the groups are also estimated at
each time point, as well as within-group changes. Trans-
formation for the EPDS or for other outcomes can be
performed before analyses, if needed. The assumptions
of parametric tests are checked using studentized resid-
uals for justification of the analyses. Other numerical
variables, mean change of MAAS, MPAS, SCL-90, and
PRAQ-R2 score over time, are analyzed in a similar way.
P-values less than 0.05 are considered statistically

significant (two-tailed). Statistical analyses are performed
using SAS System for Windows, Version 9.4 or later
(SAS Institute Inc., Cary, NC, USA).

Interim analyses {21b}
These are not applicable. No interim analyses will be
done in this study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
The sample size and the subgroups are small.
Preliminary analyses are conducted to find out if there
are statistically significant differences within and
between the study groups.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Because of the relatively small sample size, imputation
will not be carried out.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}
Metadata can be published on the project’s web-page
without compromising the participants’ data protection.

The metadata includes information on what kind of data
has been collected, on what date, from whom, and how.
Requests for collaboration are encouraged.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
This is not applicable. The authors of the protocol
coordinate this study.

Composition of the data monitoring committee, its role
and reporting structure {21a}
The study group is independent.

Adverse event reporting and harms {22}
The doctoral student of the research team continuously
follows up on the information collected from the
questionnaires and contacts the women who have
admitted to having self-destructive thoughts or plans or
whose score is ≥ 16 on the EPDS. She asks if they have
psychiatric or psychological support or whether they
have discussed the issue in the Healthy Maternity Clinic.
All the women are told about support providers verbally
by phone and with a care instruction letter by e-mail.
All the women whose EPDS scores are between 10 and
15 are also contacted because they are recruited for the
study.

Frequency and plans for auditing trial conduct {23}
The study group meets regularly to maintain the
consistency of the intervention delivery and the
interviews. The intervention visits are videotaped, and
the intervention delivery is monitored from the video
recordings of the meetings of the interventionists.
Separate supervisions are organized for the graduate
students of psychology to maintain the consistency of
the interview technique and to receive support.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}
Any changes in the study protocol must be accepted by
the Ethics Committee of the Hospital District of
Southwest Finland before enforcement.

Dissemination plans {31a}
The results will be published in an international open
access publication and will be linked to the project’s web
page, with a plain-language summary in Finnish. The
questionnaire results or the interview analyses will not
be reported to the participants personally.
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Discussion
Nonmedical and early relationship-focused therapies
should be available to treat prenatal depression because
supporting the mother-infant relationship makes it pos-
sible to decrease depressive symptoms, improve the sub-
sequent development of the child, and avoid the
negative effects of antidepressant medication on infants’
health [13, 34, 35, 43–46]. Psychotherapeutic and psy-
chosocial interventions are effective in treating perinatal
depression [91] but require special expertise and re-
sources. Moreover, the reduction in a maternal depres-
sive symptoms alone may not improve parenting or the
infant’s well-being [38–41]. Because fetal ultrasound has
been considered a promising method to support
maternal-fetal attachment [92], an ultrasound-assisted
intervention could be a low-threshold type of support
and easily feasible in maternity care. Therefore, an ultra-
sound examination used in an interactive manner may
be a potential and cost-effective way to support pregnant
women with minor or moderate depressive symptoms.
The strengths of our study are the mixed methods and

the longitudinal approach that continues into the
postpartum period. Furthermore, the multiprofessional
approach enables the support of pregnant women in
various ways. A weakness in our randomized controlled
trial may be the control group’s participation in the
attachment representation interviews, which can be
experienced as an intervention itself.
Our aim is to develop an intervention for pregnant

women with depressive symptoms using 4D ultrasound
in an interactive way. The interactive approach is unique
and could be integrated into maternity care with a

moderate investment. The core elements of the
intervention listening to the mother, personalizing the
fetus, and giving emotional support can easily be
implemented during routine screening and maternity
clinic visits. This intervention could serve as a means for
maternity care to help women suffering from minor
perinatal depression.

Trial
The protocol version number is five as of December 7,
2021. The first participant was recruited on September
19, 2018. By December 7, 2021, 66 participants have
been recruited. The recruitment will be completed
within 2 years.

Appendix 2
The course of the first intervention visit

1. The beginning:
� Ask, how has your (both fetus and pregnant

woman) day been?
� Ask, when has the woman seen her fetus last?
� Ask for the wishes regarding the ultrasound

examination: Is there something special, that you
would like us to look at together?

2. Viewing together with the pregnant woman:
� The gynecologist doing the ultrasound explains

to the woman what is seen on the screen and
makes sure, that the woman perceives the
picture of the baby well enough.

Appendix 1

Fig. 1 Research chart
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� Observing together the movements of the fetus’s
hands and feet, mouth (sucking, licking,
swallowing), and fetus’s face and facial
expressions.

� In general, the fetus is discussed as an individual
person.

� The gynecologist tells about the observations
only in a behavioral level (e.g., fetus puts her/his
hand on the cheek – not that fetus is described
as thoughtful). This way the mother has been
given space to create her own meanings to the
fetus’s behavior.

� Fetus’s position and the position of limbs can be
explored.

� Sensation of the movements can be asked, when
the fetus’s movements are seen on the screen.

� It is possible to ask what the mother thinks the
fetus is experiencing or feeling.

� To ask what feelings and emotions looking at the
fetus rise.

3. The end
� Is there something that you would like us to

look at together?
� How has it felt to look at your fetus this way?
� In the end, the gynecologist doing the

ultrasound explains without medical terminology
to the woman/mother/parents her perception of
the fetus’s well-being.

The course of the second intervention visit

1. The beginning
� Ask, how has your (both fetus and pregnant

woman) day been?
� Ask, what kind of thought did arise after the last

visit?
� Ask, has the woman seen her fetus in ultrasound

examination between the visits?
� Ask, how has the pregnancy gone?
� Ask for the woman’s wishes regarding the

viewing, is there something special, that you
would like us to look at together?

2. Viewing together with the pregnant woman
� Observing together the movements of the fetus’s

hands and feet, mouth (sucking, licking,
swallowing), and fetus’s face and facial expressions.

� Observation only in the behavioral level.
� Discuss together, how the fetus’s behavior is

similar or different compared to last visit.
� Observation of fetus’s position and the location

of fetus’s body parts in the womb.
� Ask the woman/mother if she feels the

movements when the fetus is visibly in motion
in the ultrasound.

� Focusing more to questions regarding what the
pregnant woman thinks her fetus is experiencing
or feeling. Ask, what makes you think so?

� Sometimes you can ask the woman to tell about
the feelings that looking the fetus arises.
� Thoughts about fetus’s personality?
� Especially, if looking arises negative emotions/

thoughts, ask the woman what makes her
think that way.

� If the woman is worried about something, the
worry is listened to and reacted to. It is also
important to tell the woman, if the answer is not
known.

� Pregnant woman’s positive observations will
always be shared.

3. The end
� Is there still something that you would like us to

look at together?
� How did it feel to look at the fetus?
� In the end, the gynecologist doing the

ultrasound explains without medical terminology
to the woman her perception of the fetus’s well-
being.

The course of the third intervention visit

1. The beginning:
� Ask, how has your (both fetus and pregnant

woman) day been?
� Ask, what kind of thoughts did arise after the

last visit?
� Ask, has the woman seen her fetus in ultrasound

examination between the visits?
� Ask, how has the pregnancy gone?
� Ask for the woman’s wishes regarding the

viewing, is there something special, that you
would like us to look at together?

2. Viewing together with the pregnant woman:
� Observing together the movements of the fetus’s

hands and feet, mouth (sucking, licking,
swallowing), and fetus’s face and facial
expressions.

� Observation only in the behavioral level.
� Discuss together, how the fetus’s behavior is

similar or different compared to the last visit.
� Observation of fetus’s position and the location

of fetus’s body parts in the womb.
� Ask the pregnant woman if she feels the

movements when the fetus is visibly in motion
in the ultrasound.

� Sometimes you can ask what the pregnant woman
thinks the fetus is experiencing or feeling.

� Sometimes you can ask the woman to tell about
the feelings that looking at the fetus arises.
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� If the pregnant woman is worried about
something, the worry is listened and reacted to.
It is also important to tell the woman, if the
answer is not known.

� Pregnant woman’s positive observations will
always be shared.

� It is possible to reflect together on woman’s
thoughts about the upcoming childbirth
� When thinking about pregnancy onwards,

how does it feel?
� What kind of birth do you wish for your fetus

and yourself?
� How are you expecting seeing your fetus?
� How is the fetus right after delivery?
� Has looking at the fetus with ultrasound

invited any reflections about how is the fetus
going to be like? If the mother describes the
fetus, it is possible to ask how do the
characteristics feel.

3. The end
� Is there still something that you would like us to

look at together?
� How have you experienced these visits?
� In the end, the gynecologist doing the

ultrasound explains without medical terminology
to the woman her perception of the fetus’s well-
being.
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