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1. Introduction

1.1. Fetal movements — general aspects

Fetal activity is one of the first signs of fetal life perceived by the pregnant woman.
The first written report on fetal movements (FM) might date back to biblical times
with the description of Rebekah’s twin pregnancy, about which it was said “the
children struggled together within her” (Genesis 25:22) (1).

Passive unstimulated activity starts as early as 7 weeks of gestation and
becomes more sophisticated and coordinated by the end of pregnancy (2). The
movements can be visualized with the aid of ultrasound , and the development of the
movement pattern in the intrauterine environment of the fetus can be followed
throughout the pregnancy (3). Up to about 20 weeks of gestation the entire fetus can
be visualized within the field of a single real-time array transducer. This allows for a
quantification of FM and a detailed evaluation of the movement quality (3). It is not
possible to visualize the entire fetus after about 20 weeks of gestation, and small
movements might go unnoticed. However, real-time ultrasound scan observations
have been and are still the most accurate method of assessing fetal body movements
for research purposes (4).

Pregnant women are usually able to sense FM at 18 — 20 weeks of gestation
(5); multiparous can, however, feel the movements from 16 weeks of gestation (6).
The movements are at first weak and can be difficult to distinguish from intestinal
activity. As integration proceeds, the movements become more complex, regular, and

sustained.
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In general, FM can be divided into two categories: generalized and small
movements (6). Generalized FM are usually perceived by the mother and include
movements such as stretching, kicking and rollovers. The small movements, which
are not perceived by the mother, include activities such as grip movements,
nonnutritive sucking, tongue protrusion, flexing and stretching of fingers and toes,
and breathing movements (6). Perceived fetal activity in late gestation is related to the
strength of the generalized movements. Vigorous or sustained activity results from
combined lower limb and trunk motion and is commonly referred to as stretching,
kicking, and rollovers (6;7).

Several research groups have described the onset and development of FM,
classifying them according to patterns (4;8). De Vries et al. were one of the first
groups to classify various spontaneous patterns of movement between 7 and 19 weeks
of gestation using ultrasound observations (4;8;9). General movements of the head,
trunk, and extremities first appear between 8.5 and 9.5 weeks of gestation. During a
60-minute viewing period, a fetus is described as being active for about 14% of the
time. By 14-19 weeks of gestation, the fetus is very active, with the longest period
without general movements lasting only 5-6 minutes (4). A decrease in the frequency
per hour of generalized or gross movements at 24 -32 weeks of gestation has been
noted by several authors (10;11). There is a conflict of opinion regarding the
difference between the second and the third trimesters in the quantity of general
movements experienced. It has been suggested that as a fetus approaches term, the
activity level plateaus (10;11) or decreases either slightly or considerably, depending
upon the author (12;13). This could be due to several confounding factors such as
large inter-individual variability in the quantity of FM, fetal activity cycles, and

variation in the methodology used (12). Rayburn et al. suggested that the change in

14



Decreased fetal movements in late pregnancy — importance today?

the pattern of FM during the last trimester is the result of a combination of improved
coordination due to fetal neurological maturation (14), reduced amniotic fluid volume,
and increased fetal size (6). However, the same authors and others have proposed that
as the pregnancy proceeds, the weekly number of FM increases, reaching their peak
sometime between 29 and 38 weeks of gestation (6). Sadovsky et al. reported that the
quality of movements changes with gestational age, whereas the proportion of strong
and rolling movements increases until 37 weeks of gestation. The proportion of weak
movements exhibited the opposite developmental trend (15). Previous reports also
suggest that there are significant diurnal variations in normal fetal activity that change
gradually with gestation (16;17). Periods of quietness and activity are prolonged with
gestation (14). Although the movements might be sensed differently by the mother,
there is no evidence that activity is reduced towards term in normal healthy pregnancy

during the active periods (17;18).

1.2. Maternal perception of FM and factors influencing the movement pattern

A range of methodologies have been used for objective measurements of FM, but
every method has its limitations and a gold standard is difficult to define. Maternal
perception of FM arises first and foremost as a result of pressure against body-wall
structures, and thus the mother’s perception reflects gross FM or limb movements
(16;19). The reported mean proportion of movements perceived by the mother and
documented during ultrasound monitoring at the same time has ranged from 37% to
88%, increasing with the strength of gross movements and contributing parts involved
(20-28). A common factor in these studies is that the mother is lying down and

focusing on fetal activity, which constitutes the only situation in which maternal
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perception and objective measures of FM are strongly correlated with actual fetal
activity. In other settings, both the actual frequency of movements as well as the
mother’s ability to perceive them are influenced by factors such as activity and
exercise (29), anxiety (30), administration of corticosteroids (betamethasone and
dexamethasone) (6;31-33), blood sugar (34), intrauterine growth restriction (19;35),
maternal position (36), major fetal malformations (37;38), obesity (39), placenta
localization (16), smoking (40), sedating drugs (6), stress (41), and sound and
vibroacoustic stimulation (42;43). Parity has not been found to affect maternal
perception of FM in the third trimester (16). Although multiparous might be able to
perceive FM earlier in pregnancy than primiparous, the latter reach the perception

level of the former relatively early in the third trimester (17).

1.3. Decreased fetal movements

Throughout history, maternal perception of FM has been a reassuring sign of fetal
well-being, while the absence of FM has been regarded as a reason for alarm.
Although a lack of FM was proposed by Raynalde as a sign of intrauterine death as
early as 1545 (44), the view on the clinical importance of FM throughout the centuries
has been conflicting. In the late 19th century, the need for objective measures led to
the use of tambours (45) and auscultation of “bruit de choc foetal” (46;47). While
some researchers argued that FM were not clinically significant, others believed they
demonstrated good health (1). Research on FM in the 20th century was scarce before
the introduction in the early 1970s of two-dimensional ultrasonography, with the
ability to produce a number of images per minute rendering this tool able to provide

real-time imaging. This made it possible to observe the fetus in its own intrauterine
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environment (9), and early reports by Mathews (1972) (48) and Sadovsky and Yaffe
(1973) (49) suggest that FM are valuable indicators of fetal well-being (1;50).

Fetal activity
Stress
Chronic respiratory and nutritive insufficiency

Primary adaptive response
* Decreased fetal growth rate

Secondary adaptive response
Fetal energy conservation
Decreased fetal movement
Decreased fetal heart rate reactivity
Circulatory redistribution
Falling cerebral flow impedance
Rising umbilical and aortic impedance
Fetal growth preferred over placental growth
Increased efficiency of placental exchange
Polycythemia
Y Greater 0, carrying capacity
fetal movements Progressive decompensation
Hypoxia—s= respiratory acidosis —smetabolic acidosis
High impedance in fetoplacental and systemic circulation
Absent end diastolic flow in umbilical arteries
Declining amniotic fluid volume —a oligohydramnios
established role as an Loss of fetal movement
Loss of fetal heart rate reactivity and variability
Persistent late decelerations
f Agonal pattern

Death

serves as an indirect
measure of the
function and integrity
of the developing

central nervous

system. Decreased

(DFM) have a well-

adaptive response to ¥

suboptimal
Figure 1. Doppler velocimetry for fetal surveillance. Adverse perinatal outcome and fetal hypoxia. In
Maulik, D (ed) Doppler ultrasound in obstetrics and gynecology, 1997; 349 New York, Springer Verlag.
intrauterine Copyright©1997 Springer-Verlag.

Note that the depicted sequence is an approximation and the actual course may vary depending upon the
characteristics of the chronic deprivation and the individual fetal ability to cope.

environments
(figure 1), which are mostly due to uteroplacental insufficiency and might lead to
either acute or chronic fetal hypoxia (51). The fetal physiological response to hypoxia
is a dose-dependent redistribution of oxygenated blood to the essential organs: the
brain, heart, and adrenals glands (52). This “’brain-sparing” is accompanied by general
energy saving — which means less or no FM (53-55). Thus, in its early stages DFM is
an adaptive and protective reflex, while in later stages it could represent a final
decompensation that is associated with increasing injury. Episodes of low fetal

activity are normal in healthy fetuses when related to diurnal variations that change
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gradually with gestation (16;17). However, they might be a sign of fetal compromise
and be associated with a wide variety of pregnancy pathologies (7;56-59). Possible
causes for decreased fetal activity might be linked to the mother and/or the baby and
include abnormal amniotic fluid, fetal abnormalities, reduced maternal perception,
and fetal complications/fetal compromise (38;60). The inter- and intra-individual
differences between the fetuses, as well as the perception of individual mothers, are
probably the major component of the variations in FM and the source of the challenge
of what constitutes a decrease in fetal activity. However, knowledge of those
pregnancies that are more likely to be affected by DFM within a total population and

their increased risk of adverse pregnancy outcomes is limited.

1.4. DFM and the risk of adverse outcomes

Maternal reporting of DFM is a frequent reason for unplanned health consultations
throughout the third trimester, and a common challenge in obstetric care — the
frequency ranges from 4% - 16% of all pregnancies in various populations (1;61) and
6% in a recent study (62). In pregnancies deemed to be at high risk, a reduction in FM
is associated with various pregnancy pathologies (1;49;63). However, most
consultations regarding DFM occur in low-risk pregnancies. Women with concerns
about DFM often reportedly constitute a heterogeneous group, and health care
professionals have had changing views on whether a subjective maternal perception of
DFM is sufficient to identify risk. Even though smaller studies indicate increased risk,
the proportion of cases of DFM with known complications before being examined for
DFM has yet to be established (1). This could conceal that mothers with known-risk

pregnancies are vigilant to fetal FM and thus more prone to report DFM. If so, a
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higher frequency of adverse outcomes in this group might be a self-fulfilling
prophecy. One of the largest and most often referred to study to date (n=425),
indicates that outcomes are better in pregnancies with DFM in than in control
pregnancies (60). However, some of the core outcomes were not reported (e.g., fetal
growth restriction, FGR), and the most severe cases of DFM (i.e., absence of FM)
were excluded. The reduced risk of preterm birth (PTB) was probably attributable to a
large proportion of cases of DFM only being present at term (i.e., they were not
eligible for assessing the risk of PTB). In addition, the cases in the present study were
also capture retrospectively by diagnosis, which could lead cases of DFM being
identified as those left with no better diagnosis after examination for DFM. A similar
criticism can be applied to many previous reports.

Among the most common reasons for critique of care by audits of stillbirth
performed by multi-professional are misdiagnosis and mismanagement of FGR, and
reports of DFM (64;65). The most frequently reported associations between DFM and
adverse outcomes is that between infants who are small for gestational age (SGA) and
FGR (5;33;58;61;66-73). FGR in the third trimester represents severe risk for death,
injury, and permanent disability (74-76). About half of unexplained stillbirths have a
birthweight less than the 10th percentile when corrected for gestational age and
parental characteristics (77). In support of the association with DFM, growth-
restricted fetuses exhibit significantly lower activity rates than fetuses with normal
growth at all gestational ages, when evaluated by ultrasound (78-80), and almost
always display a dose-dependent reduction in FM during hypoxia (55;80-83). Other
adverse outcomes or conditions during pregnancy that are associated with DFM are
congenital malformations and chromosomal abnormalities (3;84;85), fetomaternal

transfusion (86), intrauterine infections (87), low Apgar scores and acidemia (55;88),
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low birthweight (3;85), hypoglycemia (3;85), oligohydramnios (89-91), PTB
(3;61;71;72;85), perinatal brain injury and disturbed neurodevelopment (92;93),
threatening preterm labor (3;85), umbilical cord complications and placental
insufficiencies (3;71;85), and emergency deliveries, inductions of labor and cesarean
sections, stillbirth, and neonatal deaths (49;61;69;72;88). After excluding women
electively delivered by induction of labor or cesarean section, Valentine and
coworkers (1986) reported an increase in the incidence of preterm labor among

women presenting with DFM preterm (prior to 37 weeks) (33).

1.5. Management of DFM

Existing guidelines for the management of routine antenatal care from the UK
(National Institute of Clinical Excellence) and in Norway focus on demedicalization
of pregnancy, with reduced frequency of standard antenatal visits and fewer screening
tests (94;95). In this way, pregnant women will assume more responsibility for their
baby’s health, but the optimal information and tools that would empower them to do
so and provide awareness to act on signs of complications have not been identified.
The guidelines for uncomplicated pregnancies provide little guidance on DFM for
pregnant women and their care providers (96;97). No evidence-based guidelines for
the management of DFM exist, controlled trials are lacking, and evidence for various
management plans is scarce (7;98). While they acknowledge the importance of DFM
by recommending that women should be informed about the need to contact health
care professionals if they perceive DFM, few, if any, provide further guidance as to
how to define or manage DFM (94;99;100). Consequently, management varies

significantly, ranging from the use of the nonstress test (NST) or cardiotocography
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(CTGQ) as the sole screening tool (61), to hospitalization for clinical examination of all
women with DFM for CTG every 8 hours for 48 hours, ultrasound examination
including a structured biophysical profile, umbilical artery Doppler, Kleihauer-
Betke’s test, maternal hemoglobin testing, amnioscopy if more than 37 weeks of

gestation, and repeated antepartum testing after discharge (7;61;68;71;98;101).

1.6. FM assessment and fetal movement counting

Maternal perception of FM is the oldest screening tool for assessing fetal well-being.
It is a universally implemented self-screening method that can be administered and
interpreted individually by all pregnant women, with or without the participation,
support, and guidance of health care professionals (61). Maternal vigilance toward
DFM and prompt maternal action might prevent adverse pregnancy outcomes, as
excessive delay in maternal reporting of DFM is associated with prenatal deaths
(58;69;102).

A much-debated issue is whetever women should routinely receive uniform
information about FM, and whether this should include formal fetal movement
counting (FMC) (103). The concept of FMC is based on the presumption that the
maternal perception of FM reflects fetal activity, or at least gross fetal body or limb
movements (103). FMC is a method used by the mother to quantify FM. While early
reports by Sadovsky and Yaffe (49), Pearson and Weaver (69), and Leader et al. (104)
suggest that such counting is valuable in evaluating the antepatum condition of the
child, others have doubted these conclusions (1).

Various methods of maternal counting with different alarm limits have been

published (1;7;57). Two main categories of counting methods exist, using either a
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“fixed time” or “fixed number” approach. The “Daily Movement Count” (49) reflects
12 hours of maternal FMC through both rest and daily activities i.e., “fixed time”.
This method was later modified to a shorter and repeated interval of counting (1). The
“Count to ten” or “Cardiff” method measures the time it takes to feel ten movements,
i.e., “fixed number” (105). The latter method is the most user-friendly, since a shorter
time is needed to perform counting for normal pregnancies. This counting method
were the mother is lying down focusing on FM has also been shown to have the
highest compliance and acceptance rates (57;106;107).

The daily routine of briefly monitoring fetal activity could provide guidance
and support to the pregnant mother, encouraging vigilance and daily attention to their
pregnancy, using fetal activity as a sign of well-being (103). While this formal self-
screening tool appears to be popular among pregnant women (108;109), it has
experienced fluctuating popularity and support among health-care professionals over
the last few decades (1). One in six Australian obstetricians, and one in three UK
obstetricians believe that maternal screening of FM is of no benefit (96), and many
contemporary guidelines for antenatal care in the UK and Norway state that “routine
movement counting” in normal pregnancies should not be offered (94;100;110). In
contrast, the USA has several guidelines on FM, two of which recommend formal
FMC for normal pregnancies (111;112). This variation in clinical practice might be
attributable to differences in the interpretation of published data on DFM.

There have been many attempts to establish a definition of DFM based on a
given cut-off value, and around a dozen kick charts and limits have been published
(103). However, with the large normal inter- and intra-individual variability in FM, no
specific alarm limit has so far proven superior to the mother’s subjective perception of

reduced fetal activity (1;98;113). The only definition of DFM based on focused
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counting data in a total population that has subsequently been tested as a screening
tool in a total population, is the rule of “ten movements within 2 hours” in a study by
Moore and Piacquadio (114). This is currently the method of FMC recommended by
the American Academy of Pediatrics and the American College of Obstetricians and
Gynecologists (99). Many other formal definitions of DFM have been proposed, most
of which are based on counting through both rest and activity (1;103;115). However,
the most important clinical definition and understanding of DFM is still the mother’s

own perception of a decrease in FM (1;98;113).

1.7. Effects of increased maternal awareness toward FM in populations

Even though the effectiveness of formal FMC and distinct alarm limits has been
disputed, the majority of populations in which increased awareness, vigilance, and
FMC have been introduced have seen reduced rates of stillbirth (1;102;103;114).
Four controlled trials (one randomized) have compared FMC versus no FMC and
suggest that there is a benefit of FMC in reducing the risk of stillbirth (102;114;116-
119). Two of these trials were conducted in total populations (114;119), while two
were conducted in mixed low- and high-risk populations within single institutions
(116-118). Three studies (Neldam 1983, Westgate and Jamieson 1986, Lobb et al.
1985) based their alarm limits on the Daily Movement Count data, while one utilized
the “count to ten” or “Cardiff” method of Pearson and Weaver 1976 (69) (Moore and
Piacquadio 1990) (114). The first study, by Westgate and Jamieson published in 1986,
was performed in New Zealand (in 1981-1984). Comparing FMC versus no FMC,
they reported a relative risk of stillbirth of 0.76 (95% confidence interval (CI) 0.55 -

1.04), and 0.56 (95% CI 0.35 - 0.90), respectively, for stillbirths perceived as having
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been avoidable (119). The second study, by Moore and Piacquadio, was conducted in
the USA in 1989 and 1990, and found that the comparable risks of stillbirth were 0.42
(95% C10.23 - 0.76) and 0.25 (95% CI1 0.07 - 0.88), respectively (114;120). Both
studies were conducted in total populations and as prospective cohorts with a control
period followed by an intervention period. The study by Steen Neldam published in
1986 (50) and the study by Lobb and coworkers in 1985 (116) were both conducted in
mixed low-and high-risk populations within single institutions. Even though the study
by Neldam is the only randomized controlled trial (RCT) to date of antepartum testing
of any kind versus no testing that has found reduced mortality, it has been found by
some researchers to be methodologically substandard since the randomization
procedure was based on the mother’s initial even or odd booking number when
included in the study (57). However, the relative risks of stillbirths and avoidable
stillbirths in that study were reported to be 0.25 (95% CI 0.07 - 0.88), and 0.27 (95%
CI 0.08 - 0.93), respectively. The study of Lobb and coworkers compared two units at
Liverpool Maternity Hospital in the UK with “competing” protocols based on a pre-
existing difference in protocol. The unit using FMC reported relative risks of stillbirth
to be 0.92 (95% CI 0.6 - 1.35) and 0.86 (95% CI 0.49 - 1.52), respectively, for
stillbirths perceived as avoidable (116).

The encouraging results from previous studies of whole populations have,
however, been overshadowed by the negative findings from a large multicenter cluster
RCT reported by Grant and coworkers in 1989 (102). That study failed to demonstrate
the same benefit of counting using a kick chart for all pregnancies versus only for risk
pregnancies in the same population (102). This is the most referred-to and influential
publication on maternal counting, and as such is often cited as evidence against FMC

(1;94;100). Still, the trial had a number of limitations (1;57). Of greatest importance is
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the issue of contamination between the groups through the use of “within-hospital”
clusters in which pregnant women in the same community were either urged to
perform FMC or informed in writing that they were included in an FMC study and
that they were not supposed to count FM. The problem of contamination is
compounded by the use of kick charts for control-group women, on the basis of
clinical discretion, as a part of the trial design. While no difference was shown in the
stillbirth rate across the study groups, the overall late-gestation stillbirth rate fell
during the study period from 4/1000 to 2.8/1000 (1;102).

The lowered overall stillbirth rates seen in the observational cohorts and
during the cluster RCT might be equally attributed to increased awareness and
vigilance as the actual FMC methods and alarm limits. Indeed, the cluster RCT used
extreme limits (ten movements in 10 hours for 2 days or no movements for 1 full day)
and based their “count to ten” method on the mother’s perception through the day, and
not on focused counting while lying down. Thus, the women took 162 minutes to
count ten movements versus the average of 20 minutes reported in focused counting
(17;114;121). Despite the extreme nature of such limits, they are still widely used
(111). Today, there is no evidence that formal FMC, with its fixed alarm limits, is
superior to maternal common sense, and thus no evidence to support the introduction
of such counting in any total population using the existing alarm limits of FMC (103).
However, promoting awareness by recommending that women count FM on a daily
basis in the third trimester could provide additional awareness and be a supportive
tool in the individual pregnancy that helps the expectant mother to identify significant
changes. Nevertheless, the establishment of a single, definitive limit, which would
arguably be better than maternal perception of DFM, is precluded by inter-individual

variations, and does not exist (3).
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2. Aims of the study

The overall aims of this thesis were:

II.

To describe the epidemiology of maternal concerns regarding DFM and the
risk of adverse outcome, and to evaluate the risk of adverse outcome related to
maternal characteristics and maternal care-seeking behavior among affected
women. To describe the management provided and the concern associated
with DFM before any intervention.

To evaluate the effect of a clinical improvement intervention that aims to
reduce the risk of adverse outcomes by implementing guidelines for
management and provision of information on fetal activity in a total

population.

The specific aims of the individual substudies were as follows:

Paper I: To identify women affected by DFM in a total population, the risk of
adverse outcomes, and the management provided.

Paper II: To determine whether clinical characteristics of women in
uncomplicated pregnancies presenting with DFM would help target subgroups
of women at the highest risk. Furthermore, whether DFM in complicated
pregnancies identified additional needs for intensified management.

Paper III: To examine two cohorts of women with DFM before and during two
consensus-based interventions aiming to improve care through: (1) written
information to women about fetal activity and DFM, including an invitation to
monitor FM, and (2) guidelines for the management of DFM for health care

professionals.
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e Paper IV: To evaluate an intervention of implementation of uniform

information on fetal activity to women during the antenatal period.
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3. Materials and methods

Two data sources were used for the papers reported in this thesis. Data from the Fetal
Movement Intervention Assessment (Femina) study were used in papers I-IV, and
data from the cross-sectional study were used in papers I and IV. Both studies have
been described in detail in each paper in this thesis - this chapter provides an

overview.

3.1. The Femina study

Women with a singleton

pregnancy of at least 28 weeks gestation or more who reported a concern for DFM
(either by spontaneous reporting or upon questioning) and women with a stillborn
infant were registered prospectively for quality-assurance purposes at 14 delivery
units in eastern Norway and the city of Bergen. The registrations were a part of the
international collaboration, Femina. The pregnant population from the 14 hospitals
has an annual birth rate of about 33,000 covering both urban and rural districts.
Recurrent visits (from which a previous consultation for DFM was already registered)
were excluded as we intended to report the number of women newly reporting DFM.
The outcome of these pregnancies was our primary outcome, and these were the
numbers needed to report outcomes (per pregnancy, not consultation, because this
would introduce duplications and dependent data to the analysis).

There was a dual capture of deaths in the Femina study. Primarily, deaths were
registered retrospectively by clinical study site coordinators (midwife or obstetrician)
reporting births, deaths and causes of death monthly from the clinical logs and
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hospital records. All hospitals provided monthly reports. In addition, women
presenting with a complaint of DFM were captured prospectively, prior to the
registration of outcome,to ensure completeness of data, but stillbirths not initially
identified by DFM were excluded, as were pregnancies with a gestational age under
28 weeks and multiple pregnancies.

To ensure unbiased registrations for quality assurance-purposes, maternal
consent was not sought. Key components of quality in health care is to ensure that
health care is delivered consistently (to all patient groups alike), and that health care
counteracts disparity by being accessible to all (122). To make sure the quality
assurance had the ability to measure these aspects of quality in health care delivery, it
was organized as local data collections in the individual hospitals. Only unidentifiable
data was sent to the project coordinators. The most vulnerable minorities in our
population are typically also the ones that health care fail to provide quality care
(123). The choice to collect data without maternal consents was based on consensus
among participating hospitals, consistent with Norwegian legislation at that time, and
approved by the Regional Committees for Medical Research Ethics (REK. Ref. no. S—

04018).

3.1.1. Data collection

The overall registrations started in June 2004 (by April 2005 all 14 hospitals were
included) and ended in March 2007. The routine provision of information about fetal
activity, including an invitation to monitor FM, and guidelines for management of
DFM, were implemented in November 2005. The data presented in papers I and II
were based on registrations taken during the preintervention period, from June 2004 to

October 2005, while the data presented in papers III and IV were based on a
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registration period that included 7 months of baseline observation followed by 17
months of intervention: from April 1, 2005 to March 31, 2007.

In Norway, almost all pregnant women attend the antenatal program, which is
free of charge and is covered by the public health care services. The place of birth is
arranged antenatally, in most cases the woman delivers at the local hospital, but she
can apply for another delivery ward. The community midwives and general
practitioners are in charge of the antenatal program, and without the possibility to
perform a NST or ultrasound examinations locally, they usually refer the concerned
mothers to the nearby hospital with a maternity ward. Hence, the pregnant women in
Norway typically contact maternity wards directly (often the delivery ward where
they plan to give birth) with any acute concerns for DFM. There are no private
delivery wards in Norway. Women fulfilling the inclusion criteria were registered
prospectively by their caregiver at the time she presented at the hospital. Pregnancy
outcome was collected independently from the medical files after delivery by a study
coordinator at each hospital. Data were anonymized and submitted to the study-
coordinating centre.

Since there is no general consensus on any quantitative limit between ‘“normal” and
“abnormal” fetal activity for health care providers or the pregnant woman in Norway
(115), a DFM-case was defined as any woman presenting with concerns for DFM,
irrespective of whether this was based on her subjective opinion or it emerged during
an antenatal visit for other reasons. DFM reported during visits for other pregnancy
complications, and pregnancies in which any complications or anomalies were noted
and indicated as preexisting on the data-collection form were defined as “DFM in a

complicated pregnancy”.
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Comparisons of Femina data with data from the Medical Birth Registry in Norway
(MBRN)

In addition to the original registrations, the numbers of births and stillbirths from the
study population were obtained from the MBRN (124) to assess overall trends in
stillbirth, for the most updated period available: April 2005 to December 2006. The
final data set from the MBRN for 2007 in Norway was completed and released in
December 2009.Upon receipt of these complete data we found discrepancies upon the
data we had previously received from and published (paper I1I)). The MBRN
performed an inquiry into the two data deliveries, and on February, 17, 2010, the
MBRN issued a public report (Vollset, 29" of January 2010; available on request
from the MBRN) which rectified the first set of data we had used (discussed further in

section 5.6).

3.1.2. Outcome measures

Outcome measures for papers I - [T were
based on data provided on the Femina
registration forms.

“Maternal characteristics and potential risk
factors for DFM” were dichotomized as
follows; advanced maternal age (> 35 years),
overweight (defined as a pre-pregnancy body
mass index, BMI, of > 25 kg/m?), smoking
habits, primiparity (primiparous versus

multiparous), and fetal gender.
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“Maternal behavior” (timeliness of maternal help-seeking behavior) was measured as
expectance/ time lapsed before contacting health professionals if the woman
perceived absence or DFM; dichotomized at > 24 hours with absent FM and > 48
hours with DFM (58;102). The circumstances under which the women’s concerns
were presented were also registered. The covariates related to “maternal care-seeking
behavior” in paper II were stratified according to expectance/the amount of time that
lapsed before contacting health professionals. This stratification was based on
previous knowledge of the impact of maternal expectance (considered seriousness)
and frequent used advice of fetal surveillance (58;102). Maternal behaviors were
stratified as follows;

e 1:>24 hours with absent FM with no preceding decrease in fetal activity.

e 2:>24 hours with absent FM with a preceding decrease in fetal activity of >

48 hours.

e 3:>12 hours with absent FM without a preceding decrease in fetal activity.

4: <12 hours with absent FM without a preceding decrease in fetal activity.

5:> 48 hours with DFM without a perceived absence of fetal activity.

6: < 48 hours with DFM without perceived absence of fetal activity before

contacting health professionals.

“Outcomes related to pathology detected and pregnancy outcomes” were as follows:
e All deaths from 28 completed weeks of gestation or if no available ultrasound

data, based on last menstrual period (LMP), autopsies and other clinical

information of the timing of death (this included all antepartum, intrapartum,

and neonatal deaths in the delivery room, although as only one such neonatal
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death was included, all deaths are described in short as stillbirths in the
following).

e Severe neonatal depression, defined as an Apgar score <3 at 5 minutes
postpartum. Symptoms of multi-system organ failure and pH < 7 in the
umbilical artery or fetal capillary scalp, if obtained.

e PTB (28°-36° weeks, only live PTBs included).

e FGR (< 10th percentile of birth weight adjusted for gender and mother’s
height, weight, parity, and ethnicity) (125).

o Fetal reassuring heart rate tracings judged clinically as non-reassuring and
leading to intervention in labor.

e Oligohydramnios defined as an amniotic fluid index of <5 cm or at < 2.5th
percentile, and polyhydramnios defined as an amniotic fluid index of > 25 cm
or at > 97.5th percentile.

“Management by health care provider” included investigations undertaken for reduced

FM, interpretation, and consequences (follow-up).

3.1.3. The quality-improvement intervention

Femina differs from most other research efforts in that it did not only involve
“classical” epidemiological and intervention studies, but at the same time the
collected data were utilized for such research so as actually identify improvement
opportunities and improve the quality of care and management of pregnancies. While
research should primarily provide aggregated data and results that are valid for any
similar population, quality-improvement should provide data and results that are valid

for the individual participating institution. Yet, the data and results regarding the
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effects of quality improvement should provide research-quality data for other
institutions to evaluate and consider.

The aims of the quality-improvement initiative were to increase focus on fetal
activity, to provide standardized best knowledge information about fetal activity to the
health care providers and to the pregnant population in order to secure timely
identification of risk pregnancies for optimal observation and treatment, and finally, to
provide uniform management guidelines based on consensus on the best available
knowledge. When we initiated our study, there were no universally accepted
guidelines for the management of DFM. Although several studies had presented
guidelines for management, including NST, and ultrasound and Doppler examinations
(61;68;71;99;101), most of these recommendations were based on limited evidence.
An initial survey of all 55 birth clinics in Norway found a wide range of definitions of
DFM used to inform women, varying from three kicks per hour to an absence of
activity of more than 24 hours (115). There were large variations in the examinations
that were performed, and how and to what extent these risk pregnancies were
identified in the population. Similarly, there was no information as to what extent
pregnant women had been given the information needed to enable them to seek
adequate assistance and whether they received sufficient information to avoid
unnecessary repeated consultations. There were variations as to what extent their
concerns were evaluated by telephone contact alone, as well as to the time women
waited before contacting health care professionals, and how much time passed

between that contact and receiving the needed attention, examinations, and care.

With all this in mind, and on this background, 14 delivery units in eastern Norway and

the city of Bergen were engaged in a quality-assessment intervention of management
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and outcomes of pregnancies presenting with DFM. Our observations prior to the
intervention indicated significant differences in management between hospitals - none
had provided the women with written information — and there were indications of co-
variation between management and pregnancy outcomes (61). Almost all hospitals
routinely performed an NST, about half performed ultrasound scanning, and some
carried out umbilical artery Doppler examinations (61). The risk of adverse outcomes
increased with the severity (perceived absence of DFM) and the duration of DFM.
Undesirable behavior was frequent, with one-third of the women not presenting
before an absence of FM was perceived: one-quarter of these women waited for more
than 24 hours before contacting health care professionals (paper I). Among the 14
participating clinics, the women received a wide range of advice in terms of the
normal frequency of FM: varying from 25 kicks per hour to 3 kicks per 24 hours (79).
Women who received such information regarding fetal activity during pregnancy
seemed to be more concerned about FM, but showed no improvement in pregnancy
outcomes (115).

Based on these significant differences, our quality-improvement intervention
aimed to improve care through two consensus-based interventions: (1) establishing
guidelines for the management of DFM for health-care professionals, and (2)
providing written information to women about fetal activity and DFM, including an

invitation to monitor FM.
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Development of guidelines

A systematic review of all currently published
literature was undertaken to determine the optimal
management for women with DFM. A group of
experts together with Chairs of midwifery and
obstetrics of all participating hospitals and developed
a best-knowledge- and consensus-based approach to
the best-practice management of DFM and the

information provided to pregnant women. In our

own quality assessment of care prior to the
Flow chart provided at each delivery ward included in
. . . . the study, guiding health professionals how to handle
intervention, NST and ultrasound examination women with DFM

were found to be the most useful tools for fetal surveillance in DFM, while an
umbilical artery Doppler examination failed to add significant information among
3014 cases of DFM. Ultrasound scanning was, beyond comparison, the most
important tool, being the source of information in 86.2% of cases where abnormalities
were detected (98).

Our results are consistent with the evidence for antepartum testing in other
high-risk pregnancies. The use of NST/CTG as the sole screening tool in risk
pregnancies has largely been abandoned. Although studies are old, the likely benefit
effect, if there is one, would discourage such practice (126). The use of a Doppler
evaluation of flow patterns in umbilical arteries in risk pregnancies has been indicated
to reduce mortality, but there is no evidence of benefits when FGR and hypertensive
disorders are excluded (127). This finding is supported by Dubiel et al., among others,

who found no additional benefit of Doppler in the evaluation of DFM (5). The use of
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ultrasound for the initial assessment of growth and liquor volume in pregnancies at
risk of FGR remains unchallenged as the optimal standard (98).

In brief, our implemented guidelines recommended: a standard clinical evaluation for
all women reporting DFM, an NST, and an ultrasound scan to quantify FM, amniotic
fluid volume, and fetal anatomy and growth. Consensus included that all pathologies
or other reasons for further follow-up found at the initial examinations should be
according to the existing evidence-based guidelines for that specific condition (95). A
mother presenting with a concern of DFM was to be examined within 2 hours if
absence of FM was suspected, otherwise within 12 hours (flow chart) (guidelines

published in detail) (98).

Kicks count (Tell Trivselen) — information about FM including an invitation to
monitor fetal activity

We developed a brochure of information

that aimed to increase maternal

awareness and vigilance to significant

decreases in fetal activity, and to aid

health-promoting behavior. This was

provided as part of the routine

information given to women at the

standard ultrasound assessment at 17-19

weeks of pregnancy (to which 98 % of

the population adhere). At the same time as the intervention started all general
practitioners, midwives, specialist and antenatal care centers were informed either by

writing or by a visit from one or two members of the study group, at least once. In
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addition to Norwegian, the brochure was available in Somali, Urdu, English, Turkish,
and Arabic which were considered to be the languages covering the majority of the
non-Norwegian speaking group of pregnant women with communication difficulties
in Norwegian and English,

and shown in previous

studies to be disadvantaged

in pregnancy outcomes

(123). Provided in the

brochure was information

on expected normal fetal

activity (19), differences in perception related to different fetal activities (19) and
maternal position (36), the inter- and intra-individual variation between fetuses (128),
lowered ability to perceive fetal activity among obese women (39), the effect of
smoking on fetal activity (129), interpretation of variation in fetal activity, and
instructions on when to contact health-care professionals if experiencing DFM (114).
The purpose of our study was not to study the use of kick chart per se. However, an
invitation to use a kick chart was included as both a supportive tool for maternal daily
awareness and recognition of change in FM and to contribute to research on maternal
perceptions of FM. The kick chart and the instructions on how to use it was a
modified version of a “count-to-ten” chart (114), which did not include the standard
table to note time to count, but instead included a visual chart for drawing a graph of
the baby’s activity level (the visual impression of such a graph was thought to be
more intuitive and educating than a table of numbers) (107). The suggested alarm
limits for contacting health care professionals were based on the literature, consensus

among all participating hospitals, and data from Femina during the preintervention
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period. The woman was informed that her subjective assessment of a decrease in fetal
activity was the most important marker of DFM — taking priority over all formal
limits.

Furthermore, the brochure included certain “rules of thumb” about fetal
activity. The primary indicator of DFM was defined as her perception of a major and
lasting reduction in the normal activity of the baby. The invitation to use the included
kick chart was meant to be a guide to help the women to identify DFM. The woman
was advised to contact health care professionals for further examinations in the
following situations: 1) never to wait to the next day if the baby did not kick for 1 day
or, 2) if the baby kicked less and less in the course of a day/days, or 3) if she felt less
than ten FM in 2 hours at a time of the day when the baby was usually active, and she
perceived this as a reduction. If in doubt as to what characterized “normal” activity
versus DFM, the woman was advised according to the most validated definition for
focused counting (99;114); a healthy baby very rarely produces less than ten
movements over a 2 hours period when it is usually active. If the woman sensed a
persisting decrease in activity during the day, she was advised to contact the maternity
ward. The informational brochure on FM for the mothers and new guidelines for
health care professionals were implemented in November 2005 in all hospitals

included in the Femina trial.

3.2. The cross-sectional study

All Norwegian-speaking mothers with a singleton live-born baby delivered in the
third trimester were invited to answer a structured questionnaire anonymously at the

maternity ward before discharge. Each institution was asked to recruit all deliveries
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for a period of one week or a minimum of 50 deliveries if this number was not
achieved in one week. The questionnaire was designed specifically for these studies as
there are no published validated tools for maternal awareness and concerns about fetal
activity available, and no normative standards exist. The questionnaire included
descriptive information about the mother, mode of delivery and the newborn baby,
and focused on maternal awareness of FM, concerns during the pregnancy due to
DFM, and her subsequent behavior if concerned about a decrease in movement.
Statements were in the form of the so-called four-response Likert scale, ranging from
“totally agree” to “totally disagree”, in addition to an “I don’t know” alternative.
Wherever relevant, questions were used with “yes”, “no”, and “I don’t know” as

answering alternatives. Details of the validity and reliability of the questionnaire and

results from the baseline survey are presented elsewhere (79).

3.2.1. Outcome measures

The primary outcome measure in paper IV, “maternal behavior”” before and after the
introduction of the intervention, was measured and dichotomized as described above
for papers I and III (58;102). “Maternal awareness “of fetal activity was measured by
self-reported maternal assessment of the degree to which she paid attention it.
“Maternal concern” was measured by the mother’s description of whether she had
been concerned about DFM as “often”, “now and then”, “seldom”, or “never”,
dichotomized to being concerned twice or more versus being concerned once or
never. “Pregnancy outcomes “ for women with DFM were stillbirth, SGA infant with

a birthweight lower than 10th percentile (adjusted for fetal gender and mother’s

height, weight, parity and ethnicity) (125) as a marker of long-standing fetal
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compromise (40;80), and emergency cesarean section as a marker of low fetal
reserves in labor (130). The FM “counting group® included women who used the FM
chart more than once a week, as opposed to the others, referred to as the noncounting
group. “Receiving information” was based on maternal self-reporting of their
recollection of having received information from antenatal care providers about fetal

activity.

3.3. Statistical analysis in papers I-1V

All statistical analysis were performed with SPSS version 14.0 (paper IV) and 15.0
(SPSS, Chicago IL, USA) using cross tabulations, with ¥ tests and logistic
regressions to find crude (unadjusted) and adjusted odds ratios (OR) with their 95%
CI. In analysis where logistic regression analysis were used, variables with a p value
of < 0.2 in the univariate analysis were entered into a multivariate model, followed by
a backward stepwise model excluding the nonsignificant variables. The final model
was tested for goodness-of-fit. The level of statistical significance was set at p< 0.05.
For associations between DFM and the risk of adverse pregnancy outcomes (paper 1),
all women presenting with a perception of DFM were compared to pregnancies never
examined for DFM collected as a cross-sectional sample (reference group). Among
pregnancies that were uncomplicated until registration for DFM, cases with normal
outcomes (birthweight between the 10th and 90th percentiles, term delivery, and
liveborn infant) were compared to cases with adverse outcomes for associations
between maternal characteristics, maternal care-seeking behavior, and the risk of
adverse outcomes in uncomplicated pregnancies (paper II). In addition, all
pregnancies with known complications prior to their complaint of DFM were studied

separately (paper II). Women reporting DFM prior the intervention period were
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compared with women with concerns of DFM during the intervention for associations
between the quality-improvement intervention and pregnancy outcomes (papers I1I
and IV). The cross-sectional populations before and during the intervention were
compared to detect probable associations between maternal characteristics, concerns,
and awareness (paper IV). Although there were no differences in potential maternal
case mix prior to and during the intervention period, all outcomes in papers I (Table I
and III), IT (Table 1), III (Table 1), and IV (Tables 2-4) were adjusted for potential
confounding factors - such as maternal age, BMI, smoking habits, and primiparity - in
the multivariate analysis due to prior knowledge of their impact on pregnancy
outcomes and health-promoting behavior. Maternal country of origin was only
adjusted for in the multivariate analysis in paper IV, with the sub-groups Western
(women born in Western Europe, North America and Oceania) and non-Western
(women born elsewhere). Outcomes in paper II (Table 1) were also adjusted for
maternal expectance (maternal care-seeking behavior) before contacting health care
professionals, and stratified according to our stratification scheme. Cross tabulations
with y? tests were used when estimating frequencies of cases categorized according to
maternal risk factors and care-seeking behavior and for associations between new
findings detected when examined for DFM in uncomplicated versus complicated
pregnancies (paper II).

The power of the sample size in each paper was calculated using the software

http://biostat.mc.vanderbuilt.edu/twiki/bin//view/Main/PowerSampleSize.
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3.4. Ethical approval

The studies were approved by the Regional Committees for Medical Research Ethics
(REK. Ref. no. S-04018) and Personal Data Act, and advised by The Norwegian Data

Inspectorate.
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4. Summary of results

4.1. Paper |: Maternal characteristics and pregnancy outcomes in women

presenting with DFM in late pregnancy

The aim of this study was to identify maternal characteristics in women presenting
with DFM in a total population, the risk of adverse outcomes, and the management
provided. A total of 2374 singleton, third-trimester pregnancies presenting with a
perception of DFM were registered from June 2004 through October 2005.
Pregnancies never examined for DFM were collected as a cross-sectional sample from
the same population (references, n = 614). We found that DFM mothers were more
often smokers, overweight and primiparous. Of the women presenting with DFM,
32% of the women presented with perceived absence of FM, of which 25% waited for
more than 24 hours without any movements. Abnormal findings were identified in
16% of the examinations. Being affected by DFM resulted in an adverse pregnancy
outcome in 26% of the cases, including PTB and FGR. An intervention or repeated
consultations were performed in 41% of the cases, including 14% admissions to
maternity ward. None of the included hospitals had written guidelines for the
management of DFM. We found that a perception of DFM was significantly
associated with adverse pregnancy outcomes such as PTB, FGR and stillbirth.

Guidelines for management and information to pregnant women were needed.
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4.2. Paper Il: Concerns for DFM in uncomplicated pregnancies — increased risk

of FGR and stillbirth among women being overweight, advanced age or smoking

The main objectives of this study were to identify whether clinical characteristics of
women in uncomplicated pregnancies presenting with DFM would help target
subgroups of women at the highest risk. Furthermore, whether DFM in complicated
pregnancies identifies additional needs for intensified management. A total of 2374
pregnancies presenting with a perception of DFM were registered between June 2004
and October 2005. Among pregnancies that were uncomplicated until registration for
DFM, cases with good outcomes (birthweight between the 10th and 90th percentiles,
term delivery, and live born child) were compared to cases with adverse outcomes.
We found that in uncomplicated pregnancies with DFM, maternal overweight,
advanced age and smoking identified subgroups of cases at increased risk of FGR and
stillbirth. Maternal care-seeking behavior did not modify this risk. DFM of longer
duration, and in particular the perceived absence of movements, identified cases at
increased risk of stillbirth, irrespective of other maternal characteristics. Primiparity
was not associated with increased risk, despite delayed reporting of DFM.

When women with complicated pregnancies reported DFM, additional indications for
follow-up were found in one-third of cases. Maternal overweight, advanced age,
smoking, and the duration of the perceived decrease of FM were in conclusion clinical
characteristics that helped identifying pregnancies that should be targeted for
intensified management of their complaint of DFM. We found that time mattered and

that knowledge based-information is needed to improve fetal health.
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4.3. Paper I11: Reduction of late stillbirth with the introduction of FM

information and guidelines — a clinical-improvement intervention

Original and published paper:

In this clinical-quality improvement intervention we intended to examine to cohorts of
women with DFM before and during two consensus-based interventions aiming to
improve care through: (1) written information to women about fetal activity and
DFM, including an invitation to monitor FM, and (2) guidelines for the management
of DFM for health care professionals. All singleton, third-trimester pregnancies
presenting with a perception of DFM were registered, and outcomes collected
independently at all 14 hospitals. The quality-assessment period included April 2005
through October 2005, and the two interventions were implemented from November
2005 through March 2007. The baseline versus intervention cohorts included: 19,407
versus 46,143 births, respectively, and 1215 versus 3038 women with DFM,
respectively. Reports of DFM did not increase during the intervention. The stillbirth
rate among women with DFM fell during the intervention from 4.2% to 2.4%, (OR
0.51, 95% CI 0.32-0.81) and 3.0/1000 versus 2.0/1000 in the overall study population
(OR 0.67, 95% CI 0.48-0.93). There was no increase in the rates of PTB, FGR,
transfers to neonatal care or severe neonatal depression among women with DFM
during the intervention. The use of ultrasound in management increased, while
additional follow-up visits and admissions for induction were reduced. It was
concluded that improved management of DFM and provision of uniform information

to women during pregnancy was associated with fewer stillbirths.
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Correction: Reduction of late stillbirth with the introduction of FM information

and guidelines — a clinical-improvement intervention

In a subsequent study intending to replicate and validate the original estimates of
effects on mortality in the total population in an independent data collection (MBRN)
we found the original MBRN data were flawed. Subsequently a full validation of
deaths in both Femina and the MBRN was performed. In this validation we found two
duplicates in the Femina material. Still, the effect estimate in the Femina dataset in the
total population remained virtually identical at OR 0.7 (OR 0.69, 95% CI 0.50-0.96).
We found that, due to comparability issues in the lowest gestational age groups (28 to
31 weeks), valid and comparable replication opportunities in the combined and cross-
validated material of MBRN and Femina were best in smaller subsets (32+ weeks) of
the original data collection. The effect estimates in this group were nearly identical at
OR 0.7 in both the Femina dataset, MBRN and combined and cross-validated dataset,
and thus replicated the estimate of the total cohort, however with CI’s above one.

We concluded that although the validation procedures lent support to the original
effect estimates, data collections in Femina and the MBRN were similarly incomplete.
When all possible comparisons on total mortality were taken into account — both in
the original Femina data collection and in all comparisons with the MBRN — all
comparisons were at borderline significance (upper limit of 95% CI’s closely below
or above one, slightly versus not significant), and we therefore suggested cautiousness

in interpretation of the exact effect estimate and called for further studies and RCTs.
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4.4, Paper 1V: Implementation of uniform information on fetal movement in a
Norwegian population reduced delayed reporting of decreased fetal movement

and stillbirths in primiparous women — a clinical quality improvement

The study aimed to evaluate an intervention of implementation of uniform
information on fetal activity to women during the antenatal period. In a prospective
before-and-after study singleton, third-trimester women presenting DFM in the third
trimester across 14 hospitals in Norway were included. Outcome measures were
maternal behavior regarding reporting of DFM, concerns, and stillbirth. In addition,
cross-sectional studies of all women giving birth were undertaken to assess maternal
concerns about fetal activity, and population-based data from the MBRN. Pre- and
post-intervention cohorts included 19,407 versus 46,143 births and 1215 versus 3038
women with DFM. We found that, among primiparous women with DFM, a reduction
in delayed reporting of DFM (>48 hrs) OR 0.61 (95% CI 0.47-0.81) and stillbirths OR
0.36 (95% CI 0.19-0.69) was shown in the post-intervention period. No difference
was shown in rates of consultations for DFM or maternal concerns. Stillbirth rates and
maternal behavior among women who were of non-Western origin, smokers,
overweight or >34 years old were unchanged.

Implementation of uniform information on fetal activity for women in the third
trimester was associated with less primiparous women with delayed reporting of
DFM, and less stillbirths were recorded for primiparous women reporting DFM. The
information did not appear to increase maternal concerns or rate of consultation. Due
to different imperfections in different clinical settings, further studies in other

populations replicating these findings were required.
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Following on our validation of the material, no corrections were submitted for this
publication, as the overall results were given only with reference to the corrected
material while all new analyses in this material were unaffected by the two duplicates

found during validation with the MBRN.
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5. Discussion

This thesis is based on four original papers whose overall aim was to improve insight
into DFM in late pregnancy. Femina is the first report to describe women with DFM
in Norway, and it involves a large prospective and population-based cohort of women
with DFM. When we started our study, there was no doubt that a reduction in fetal
activity was associated with severe adverse outcomes in risk pregnancies (1;49;63).
However, since there was controversy regarding whether women in low-risk
pregnancies presenting with DFM should be considered as risk pregnancies, and if so,
for what reason, our research focused on identifying these women, their increased risk
of adverse outcomes, and the management provided. In addition, we assessed whether
certain clinical characteristics would help us to target subgroups of women with DFM
in uncomplicated as well as complicated pregnancies, at the highest risk. Furthermore,
the effects of a clinical-improvement intervention, involving implementing guidelines
for patient management and routinely providing uniform information about fetal
activity to pregnant women, were assessed. Methodological aspects of the study as

well as the results of each paper are discussed in this section.

5.1. Methodological considerations - Femina

Study

Measurement errors, both random and systematic, can influence the results of a study.
Random errors are reduced primarily by enlarging the sample size (131). A reduction
of random errors will improve the study’s precision. Systematic errors occur when

measurements differ from the truth in a systematic way (132). These are more
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difficult to detect and cannot be analyzed statistically because all data are erroneous in
the same direction. A reduction in systematic errors will improve the validity of the

results.

Random errors

Random errors, or poor precision, are the entirely arbitrary divergence of a
measurement (in either direction) from the true value. These are actually nothing more
than variability in the data that we cannot readily explain (132). Random errors occur
in the process of selecting study subjects who are always a figurative sample of a
larger population, and can never be completely ruled out. Random errors are primarily
reduced by enlarging the sample size (131). Femina involves a large population-
based cohort and random errors are thus unlikely to threaten the general applicability

of the results.

Systematic errors- (bias)

A study can be biased because of the way in which the subjects have been selected
(selection bias), the way the study variables are measured or classified
(misclassification), or because of some confounding factors that are not completely

controlled (confounding).

Selection bias

Selection bias is a systematic error in a study that can stem from the procedures used
to select subjects and from factors that influence study participation. This occurs when
the association between exposure and disease differs for those who participate and

those who do not participate in the study (133). As a result, the observed occurrence
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of diseases and the relationship between exposure and disease will differ from the true
values in the population. In our study, such bias could have been introduced by health
care professionals including cases affected either by registration fatigue over time or
increased enthusiasm by the general awareness caused by the intervention. However,
this would probably neither affect the results on outcome rates in the total population
nor the outcomes among cases with DFM. Only a systematically skewed registration
toward more or less severe cases of DFM would affect these results, and our design
separating inclusion from outcome registration would counteract such effects.

Deaths were registered by a duplicate approach in Femina. Primarily, a study
coordinator (midwife or obstetrician) at each site reported births, deaths and causes of
death monthly after extracting and validating these data from the clinical logs and
medical records. There were no missing monthly reports. In addition, stillbirths were
captured prospectively by the attending obstetrician or midwife registering women
who presented with a complaint of DFM, prior to the diagnosis and registration of
outcome. However, misregistrations may occur as human failure always is a potential
source of missed or erroneous key variables such as vital status, dates, gestation,
birthweight or plurality. Such bias may then affect the robustness of the data in the

study.

Misclassification

Errors in the measurement of outcome might occur in a study, which could lead to
misclassification of participants with the respect to their exposure status and/or
outcome (disease). In other words, some might be labeled as “exposed” (or as a

“case”) when they were actually “unexposed” (or a “noncase”) (132).

53



Julie Victoria Holm Tveit

In Femina, the intervention might have increased awareness of FM among health-care
professionals, and the proportion of women classified as a “case” (woman with DFM)
might have changed. However, there is no reason to believe that such
misclassification has taken place, since the rate of women referred from primary
health-care during the intervention period did not increase and the well-known
association between FGR and DFM remained unchanged throughout our period of
observation. Furthermore, the diagnosis of DFM was based on a subjective maternal
perception of DFM irrespective of whether this was based on her subjective opinion
or emerged during an antenatal visit for other reasons. Since definition of DFM
remained unchanged throughout the whole study period, it is unlikely that DFM was
misclassified. However, since there is no universal definition of DFM, such a concern

can vary among individuals and both under- and over-reporting is possible.

Recall bias

Recall bias arises when case subjects are more likely to overestimate or underestimate
their exposure than controls. If an exposure is more likely to cause a disease, then case
subjects might be more likely to recall or to exaggerate their past exposure than
controls, leading to an overestimation of the effect of the exposure on the disease. The
opposite effect occurs if case subjects tend to underestimate their exposure because
they feel guilty about it (132). In Femina, any concern regarding DFM was registered
prospectively. Recall biases as such among the exposed women are therefore not
likely. However, the study design leads difficulties in identifying an equally
unselected control group. DFM are not coded in either the electronic medical files of
the Norwegian hospital system or in the MBRN, and there is no International

Statistical Classification of Diseases and Related Health Problems (10th Revision)
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code for DFM. Identifying a nonexposed/reference group requires maternal consent
and participation, and the use of a cross-sectional sample questionnaire with
retrospective questions to these women could have introduced recall bias. The
participation rate could be skewed by women with a particular interest in fetal activity
(typically those who have experienced some concern for DFM) being
overrepresented. This could, in turn, cause an underestimation of the true results in
our study. Yet, since the incidence of adverse outcomes in the nonexposed/reference
group was low, it is reasonable to believe that the impact of recall bias would be low

(79).

Confounding

Confounding refers to a mixing or mudding of effects that can occur when the
relationship we are interested in is confused by the effect of something else (132). All
outcomes in our statistical multivariate analysis were adjusted for possible
confounding factors. The potential effect of confounding was therefore considered to
be low in our study. However, in research there are always possible existing

confounding factors that are difficult to either rule out or imagine.

Loss to follow-up

Losses to follow-up reduce the numbers supplying information, and thus slightly
weaken the analysis slightly (134). In our study, the loss to follow-up rate was low,
2.2% prior to versus 2.1% during intervention, and mainly due to birth at another

hospital (none were deaths), and therefore not related to the outcome being studied.
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5.1.1 Femina: a clinical quality improvement — a multi-intervention bundle

Our quality assessment was conducted as a multi-intervention bundle that aimed to
improve the in-hospital management of DFM, including clinical examination, the use
of NST and ultrasound, recommended time-lines for health care professionals, and
excluding the use of Doppler examination. It included general information about fetal
activity, recommendations for maternal care-seeking, several rules of thumb for
recognizing DFM, even though it was not a study to evaluate the use of a kick chart
per se, it included an FM chart as a supportive tool. It also included awareness among
health care professionals, since all obstetricians, general practitioners, community
midwives, and others contributing to antenatal care in our population were informed
in writing about the ongoing intervention. While the design of RCTs remains the gold
standard for studying the effects of interventions, observational studies remain a rich
source of information in situations where an RCT simply cannot be performed for
practical or ethical reasons, or is counterproductive. Femina was conducted at all
hospitals located in the eastern part of Norway, and an RCT of either information or
vigilance was neither wanted nor feasible within our single local population.
Implementing only parts of the bundle as a response to the findings of our own
quality-assurance data prior to the intervention was not an option in our high-resource
setting with a highly educated population. It was considered unacceptable to inform
women about DFM without securing professional management of DFM according to
the consensus of best practice. It was equally considered unacceptable to perform
quality assurance of management of DFM without informing the women to the best of
our knowledge about their important role in identifying and reporting DFM.
Performing this as an RCT would have to be achieved through randomization of

entirely separate populations — which would probably not only be an immense task,
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but it would probably also require participating hospitals,health care professionals and
total populations to be willing to be randomized to no interventions to improve
information, despite obvious unwanted performance in the population. Also in terms
of the DFM management the initial quality assurance study found that most large
university clinics and leading authorities in the field already had a customary clinical
management close to the consensus-based guidelines used in this project. It would
probably not have been possible to obtain consensus from hospitals to reduce their

level of care to study the effects in an RCT.

Observational studies do not provide estimates of effectiveness with the same degree
of evidence as RCT. To improve the quality and evidence of effectiveness or
causation provided by observational studies, the GRADE (135) and STROBE (136)
tools have identified several virtues of observational studies that provide higher
quality evidence which link closely with the Bradford Hill criteria for causation

(135;137). These include;

e Large population based cohort

e Hard outcomes

e A low “loss to follow-up rate”

e No recruitment bias

e Adjusting for plausible confounders

e Time series analysis
The Femina study was therefore designed to provide the opportunity to collect such
data needed for the highest possible observational evidence. We aimed to perform our
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quality improvement project in a large population-based cohort, measuring hard
outcomes such as stillbirth and keeping identifiable files in hospital to minimize loss
to follow up. We also aimed to include patients prior to registration of outcomes to
avoid recruitment bias, collect core health indicators to adjust for confounders and

follow the intervention in a time series.

5.2. Methodological considerations — the cross-sectional study

Systematic errors

Selection bias

As discussed in section 5.1, participation in cross-sectional studies could be skewed
by women with a particular interest in fetal activity — typically those who have
experienced it —being overrepresented. However, since the number of adverse
outcomes in the nonexposed group was low, it is reasonable to assume that the impact

of recall bias would be reduced (79).

Recall bias

Retrospective completion of the questionnaire could have introduced recall bias, since
women with adverse outcomes (such as SGA) might believe (in hindsight) that they
must have experienced DFM, affecting their reporting of their awareness of FM.
However, as discussed in paper IV, only 16 fetuses (1.1%) were diagnosed as growth
restricted by examination because of DFM, 35 babies (2.2%) had a birthweight of less
than 2500 g, and 53 babies (3.8%) were born preterm (79). It is therefore reasonable
to assume that this low rate of adverse outcomes would reduce the impact of recall

bias on the mothers’ reporting of their awareness of fetal activity.
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Response rate

A low response rate in cross-sectional studies has an impact on the validity of the
results. In our study, the response rates in the in cross-sectional groups was
intermediate (60.4% and 66.3%, paper IV). However, analyzing the hospitals in the
cross-sectional group prior to the intervention with a low versus a high response rate
did not disclose any differences in covariates or outcome measures. In addition,
independent data from the MBRN confirmed that the population in the nonexposed
group was comparable to the rest of Norway (79;124). However, this was considered

as one of the limitations of the cross sectional study.

Confounding
All outcomes were adjusted for potential confounding factors. However, as discussed
above, there are always possible existing confounding factors that are difficult to

either rule out or imagine.

5.3. Frequency of DFM

Maternal reporting of DFM is a frequent reason for unplanned health consultations
through the third trimester. We found that respectively 6.3% and 6.6% of women
before and during the intervention, presented with a concern about DFM. The
frequency of DFM in our data appears to be in accordance with those of previous
studies, ranging from 4% to16% in various populations (1;61;71). However, codes for
visits due to consultations for DFM in the electronic medical files of the Norwegian
hospital system are lacking: thus, no validation of the completeness of registrations of

cases of DFM was possible with the anonymity of files used in this study. However,
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since the registrations were conducted in a total population without maternal consent
the frequencies in our population may, in all probability, reflect the real frequencies of
consultations in the population.

There is no doubt that the management of women presenting with DFM is a
challenge in antenatal care and consumes significant health-care resources. With
frequencies of women with DFM ranging from 6.3% to 6.6%, around 4000
Norwegian women are examined for DFM each year. To reduce both underreporting
of significant changes and overuse of time-consuming and frequently unnecessary
investigations among these women, universally accepted guidelines for the
management of DFM and the routine provision of uniform information to pregnant

women are needed.

5.4. Maternal reporting of DFM in a total population and the risk of adverse
pregnancy outcomes (paper I)
Some subgroups of pregnant women, such as mothers of advanced age, who are
overweight, and who smoke, or primiparous, are known to be at increased risk for
adverse outcomes, but not to the extent that they are defined as high-risk pregnancies
in the guidelines for antenatal care in either Norway (95) or the UK (110;138). We
observed that these same groups of women are more likely to present with DFM, and
when affected, the risk of adverse outcomes such as FGR and PTB increased twofold
and fivefold, respectively (paper I).

Our results are consistent with those of previous studies. Smoking during
pregnancy has been linked to various adverse outcomes, and the pathophysiological
mechanism suggested includes reduced uteroplacental blood flow and fetal hypoxia,

which explain the decrease in FM (40). Being overweight is known to be hazardous to
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the pregnant women and their fetus, and there are reports of increased adverse
outcomes in overweight women with a BMI of 25 to 29.9. kg/m* (39). The association
between primiparity and increased risk of perceiving DFM has been demonstrated
previously and indicates that primiparous might perceive less FM early in the third
trimester, but that they relatively quickly reach the level of multiparous (17). An
increased risk for PTB among women affected by DFM is consistent with previous
results from Valentine and her coworkers (33). Even though several subsequent
studies have failed to detect such an association (60;68;71), these studies have
included all their cases including those presenting at term and thus not at risk of PTB.
When including only the at-risk population, some of these studies would have found
an association (111). Bekedam et al. and Gangnon et al. have shown that growth-
restricted fetuses move less than appropriately grown fetuses and that their
movements are qualitatively abnormal (35;81). This would explain our findings,
suggesting that women with DFM have a doubled risk of FGR. Valentine et al. also
found the same association between DFM and an increased risk of birthweight <2500
g or birth of SGA infants (33).

One of the largest and most often referred to study indicates no increased risk
of adverse outcomes among women with DFM in a total population (60): our findings
contradict this, and we propose that women in a low-risk population experiencing
DFM are significantly at risk for adverse pregnancy outcome and should be treated as

such.
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5.5. Concerns for DFM in uncomplicated pregnancies — maternal characteristics

and care-seeking behavior, and the risk of adverse outcomes (paper I1)

That maternal characteristics and care-seeking behavior can be used to identify
subgroups of women with DFM in uncomplicated pregnancies who should be targeted
for intensified management, has not been reported previously reported. Maternal
overweight, advanced age and smoking were found to identify subgroups of cases at
increased risk of FGR and stillbirth. This risk was unaffected by maternal care-
seeking behavior. Previous studies have indicated that overweight women might have
an impaired ability to detect FM (16). With increased risk and limited ability to
perceive changes in fetal activity, only the more dramatic changes might be felt by the
mother, and one would expect them to have fewer delayed reports of DFM without a
perceived absence. One would also expect them to be overrepresented among women
with DFM with worse outcomes than others due to their risk. These were indeed the
findings reported in paper II and also supported by our findings in papers I and IV.
However, since no measure for the quality or change in FM perceived by the mother
was included, our study could not fully explore such aspects of behavior. Still, our
data do strongly suggest that overweight mothers are at increased risk among women
with DFM, and that this is independent of their care-seeking behavior, which appears
to be good, although their ability to feel changes might not be.

Since DFM is associated with both maternal smoking and adverse outcomes,
these women might be expected to be more concerned about their pregnancy and
show a higher level of awareness. We have shown (paper IV) that smoking pregnant
women do not show a higher awareness toward FM and are no more concerned for
DFM than their nonsmoking counterparts. Even so, smokers are ultimately still

overrepresented among cases of DFM (paper I). This is consistent with the results in
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paper II showing that smokers exhibit no different care-seeking behavior than others,
but did have higher rates of adverse outcomes independent of their actions.

Advanced maternal age in our population was associated with low awareness
of fetal activity (paper IV) and a tendency to be underrepresented among women with
DFM (paper I). We found no differences in maternal care-seeking behavior between
cases of advanced maternal age and others (paper II). Overall, it might seem that the
mothers of more advanced age have less focus and concerns regarding fetal activity,
but when they perceive DFM they seek care like other expectant mothers, but have an
increased risk related to the inherent biology of high age, independent of their care-
seeking behavior.

Even though primiparous women were overrepresented among women
experiencing DFM (paper I), had significantly higher awareness of fetal activity, and
were in general almost twice as concerned for DFM as others (paper IV), they were
not associated with increased risk per se (paper II). The actual increased risk of
adverse outcomes in primiparity could therefore be a combination of the inherent
biology and delayed care-seeking. Maternal inexperience and uncertainty could
explain much of this when combined with inconsistent information from health-care
professionals about FM, leading to greater concern with no improved outcome (paper
V).

The finding that perception of DFM might identify additional indications for
intensified management in already identified high-risk or complicated pregnancies has
not been shown in any population based study. Additional findings were detected in
one-third of women with well-known complications presenting with DFM. Since
there are scarce clinical resources for DFM, identification of cases of DFM with the

highest risk should provide opportunities to guide research toward more targeted
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examinations relevant to DFM. Increased maternal awareness toward fetal activity
and advice from health care professionals might be of value in the management of
these high-risk pregnancies.

DFM of longer duration, in particular the perceived absence of FM, identified
cases at increased risk of stillbirth, irrespective of other maternal characteristics. The
association between an excessive delay in maternal reporting of a perception of absent
fetal activity and the risk of stillbirth confirmed by our data indicates an urgent need
for knowledge-based information to pregnant women. Maternal care-seeking behavior
is an important predictor of pregnancy outcome, and time matters. Still, the span from
the most obvious absence of FM to a more subtle perception of a reduction in fetal
activity makes it difficult to predict the severity of both the event itself and the risk
associated with it. Yet, at both ends of the scale our data indicate increased risk of
adverse outcomes — there is no clear-cut limit below which women presenting their

concerns for DFM are at the same risk as women without DFM.

5.6. Guidelines for the management of DFM and the provision of uniform
information to pregnant women as a part of the clinical quality improvement
intervention — considerations, consequences (papers 111 and 1V) and corrections
(paper 111)

The core concepts of GRADE, and it’s links to the Bradford Hill criteria, has been
developed to facilitate the understanding of causality in any evaluation of whether an
observed exposure (or intervention) is causally associated with the observed outcome
(135;137): Did the quality intervention work, or were the observed results unlikely to

be the consequence of the intervention?
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5.6.1. Considerations of the quality improvement intervention

To understand the effects of the quality improvement intervention, it is important to

examine the potential for improvement or harm of each part of the bundle:

1. Information and awareness regarding DFM:

All variations of this support of maternal self-screening (whether it is any use of
information, thumb rules, FMC, etc) remain pure screening tools that do not provide
any form of treatment or prevention that could change health outcomes — unless there
is an intervention associated with it. Based on our previous studies, and consistent
with literature, we found that Norwegian women were indeed identifying pregnancies
of increased risk when they reported DFM, but they presented their concerns to health
care providers with delays deemed to be adding unneeded risk. The findings that
women did reduce such risk behavior significantly and contacted health professionals
in a more timely fashion (paper IV) support a clear effect of the intervention. It may
also provide a plausible pathway for stillbirth prevention without modifying the
composition of the population of women presenting with DFM (which was not seen).
Potential side-effects would include that not only the natural cohort of DFM would
present in a more timely fashion, but also a larger proportion of the normal population
would present unneededly in what would not be identified as DFM even by mothers
of high awareness prior to the intervention. This would have caused the total
consultation rate for DFM to go up (which was not seen, paper III). It would also,
since FGR cannot be treated by any screening, dilute the well- known association
between FGR and DFM (FGR rates would decline, which was not seen) in the
absence of significant changes in the risk profile of the DFM cohort (as discussed in

section 5.1.). An increase in the FGR rate among women with DFM would,
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conversely, be a highly unexpected but positive change indicating improved detection

of FGR through awareness towards FM — but this was not observed (paper III).

2. Guidelines for health professionals:

The effects of the implementation of new guidelines were followed by several
indicators. Primarily the process indicators revealing whether there actually was an
uptake of the new guidelines. We found that there was an increased use of ultrasound
as intended. The new guidelines also promoted that there was no need for the frequent
use of routinely scheduled follow up or admissions for observation or delivery in
cases where no complications or objectively worrying symptoms were found despite
full examination according to guidelines. This was also seen in the results. We found
fewer planned follow up consultations and admissions for observation or delivery, and
further in the observation of a trend towards fewer PTB. The latter, PTB, is an
outcome that would only be amenable to change through iatrogenic effects and there
would be few biologically plausible reasons to suspect that either the screening part of
the intervention or the implementation of guidelines for clinical examinations in DFM
would have a directly causal effect on the rate of PTB. An increase in PTB (without a
significant change in the risk profile of the DFM patients) would have indicated an
adverse effect of the intervention by a change in behavior by health care professionals
towards more liberal elective deliveries in the preterm period. The fact that the
information part of the bundle, potentially leading to more timely reporting of a small
subgroup of DFM with a severely compromised fetus, could lead to an increase of an
even smaller group in need of close follow up or immediate delivery (even preterm) to

prevent stillbirth: This would not have any observable impact on the overall rate of
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follow up consultations, admissions and PTB in the total cohort of women presenting
with DFM — of which the vast majority would have no complications.

In all, the quality improvement intervention bundle — with a more timely
presentation of significant DFM without more consultations for DFM, reduced
associations with FGR or change in risk profile, and a better evaluation and detection
of compromised fetuses without an increased iatrogenic rate of PTB - seems to
provide a plausible background to understand the reduction of the stillbirth rate.

The concerns that the intervention would increase the use of health-care
resources and iatrogenic damage were not observed in our population. However, the
effect of the intervention on subsequent examinations was monitored continuously,
since significant changes/increases would have led to modifications of our

implemented guidelines.

5.6.2. Consequences of the quality improvement intervention:

As discussed above, the lowered stillbirth rate among women with DFM might, not
only be associated with improved quality of management of DFM, but just as likely
be a result of an increased maternal awareness, ensuring vigilance to FM on a daily
basis and improving the value of the existing “self-screening” performed by pregnant
women with or without a kick chart. Our suggestion of “alarm limits” for when to
contact health-care services was recommended as a rule of thumb only, and the
information that we provided to the pregnant women emphasized that their subjective
perception of a significant and sustained reduction in FM was the primary indicator of
DFM and cause to seek professional help (papers IIT and IV). However, if DFM was

perceived, these might have given those women useful limits and thereby contributed
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to a reduction in unnecessary expectance. Increased maternal awareness ensuring
vigilance to FM on a daily basis and improved self-screening for any significant
decrease or absence of FM could have contributed to the decreased stillbirth rates
among the primiparous observed during the intervention period (paper IV). The
reduced stillbirth rate might seem reasonable since the actual increased risk of adverse
outcomes in primiparity might be due their delayed care-seeking behavior (paper II).
Since primiparous women had a significantly higher awareness of fetal activity, and
were in general almost twice as concerned for DFM as others (paper IV), there are
reasons to believe that they might be more prone to change their behavior receiving
helpful information from health care professionals about FM.

Even though overweight women in the cross-sectional populations described
higher awareness of fetal activity, reported more concern because of DFM, and came
more often to the hospital during nighttime for an examination during the
intervention, we were not able to change their ability to identify and act on significant
decrease of FM. The stillbirth rates were not reduced. This is not surprising given that
their increased risk could be explained by the inherent risk of obesity independent of
their care-seeking behavior (paper II). With limited ability to perceive changes in fetal
activity only the more dramatic changes might be felt by the mother, which could
explain the increased risk for adverse pregnancy outcomes in these women.

Information about fetal activity provided in the brochure was more specific
than the previous information from our health authorities (100) and emphasized
maternal assessment of fetal activity relative to the activity pattern for her own child
(128). This was reflected in the mothers’ basis for their concern during the
intervention (as reported by women in the cross-sectional studies); mothers in the

intervention cohort did not report more frequent concern, but when they were
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concerned, this was more often related to the activity level earlier in the actual
pregnancy. They more often assessed that their perception of DFM was a true reason
for being concerned (their perception of DFM was not normal for their baby), which
was interpreted as increased confidence with their own assessment of their baby’s
activity level. Being concerned was associated with being examined at hospital both at
baseline and during the intervention. However, the rates of women who reported
being examined at the hospital remained unchanged. The provision of uniform
information with useful limits to pregnant women might have contributed to reduce
both the under-reporting of significant changes as well as overuse of unnecessary

time-consuming and frequently unnecessary investigations.

5.6.3. Corrections in paper Ill: New data from the MBRN, comparisons, validation,

replication and conclusions

As indicated in our study protocol, we aimed to reproduce the effect estimates on
stillbirth rates from our population-based Femina data with fully independent MBRN
data. We published a partial comparison in paper III based on existing data at that
time, but the complete data set for Norway for 2007, needed for this final comparison,
was only released by the MBRN in December, 2009. Upon receipt of these complete
data discrepancies were found, and therefore the MBRN performed an inquiry into the
two data deliveries. On February, 2010, the MBRN issued a public report which
confirmed that the previous data set to our project was inaccurate — both in terms of
completeness and in terms of the plurality that included multiples while supposed to

include only singletons.
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The data we first received were already published in paper I1I, and therefore a
correction was published in BMC Pregnancy and Childbirth to correct the original

article accordingly (correction, paper III).

New data from the MBRN and cross-validation with Femina dat; limitations in
comparison

When these differences in the received data set were found, a full cross-validation of
the clinical Femina data collection against the MBRN data was initiated. However,
the Femina data and the data from the MBRN differed in some aspects: 1) Femina did
not register cases born after > 28 weeks if death occurred prior to 28 weeks. Time of
intrauterine death is not reported to the MBRN. 2) In Femina the clinicians reported
the best estimate of gestational age (combining clinical assessment, LMP, ultrasound
screening and autopsies). The MBRN is based on the LMP and ultrasound alone, and
3) Femina included immediate neonatal deaths in the delivery room, which would by
definition not be captured as a stillbirth in the MBRN. Thus, there were limitations in
how easily and completely these two datasets could be compared and validated
against each other. In their report the MBRN found that gestational age alone (which
was what the original and inaccurate file was built on) was insufficient to track third
trimester stillbirths due to missing data on gestation in the MBRN, and thus a direct
comparison with, and validation of, the complete Femina data collection (based on

gestation) could not be performed.
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Validation and replication of the Femina dataset and estimates; two approaches

We therefore proceeded with two approaches: 1) a validation of the Femina dataset,
and 2) a replication (validation) of the Femina estimates of reduced mortality in the
total population using subsets of MBRN and of the combined data sources.

In comparing the numbers in subgroups we found discrepancies between the MBRN
and Femina in the number of deaths registered, and due to the concerns this raised, the
Norwegian Institute of Public Health (NIPH) combined Femina and MBRN
registrations on day and hospital of birth, birth weight and gestational age to compare
case by case. The probability of identical details for all four variables in separate cases
was negligible in our setting — e.g. two deaths on the same day in the same delivery
unit only occurred once in our two-year study, and their gestation and weight differed.
We regarded a case to be validated if both datasets agreed. For the cases only found in
one of the datasets the hospitals in question were requested to re-confirm these cases
to the NIPH.

In part 1) we validated the Femina dataset using the MBRN data (and any re-
confirmations from hospitals) to secure that all deaths in Femina were in fact deaths,
and conversely that cases of DFM registered in Femina as live-borns were not among
deaths in the MBRN. Two duplicates in the Femina material were found by this
procedure: The dual prospective and retrospective capture of stillbirths in Femina,
described above, lead to two stillbirths being reported twice from different hospitals.
The two duplicate reports did not mention that the stillbirth had occurred in another
hospital, and slight differences in the details reported made them go unrecognized. In
all further results and discussions of them, these two duplicates have been excluded.

Excluding these two duplicates, the corrected and validated estimate of stillbirth
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reduction in the total population in our Femina dataset remained essentially identical
at OR 0.7 (OR 0.69, 95% CI 0.50 — 0.96 vs. the former OR 0.67, 95% CI 0.48 — 0.93).
In preparation for part 2) we compared two subsets (“Cat. 28”: > 28 completed
weeks of gestation and/or > 1000 grams birth weight, and “Cat. 32”: > 32 completed
weeks of gestation and/or > 1500 grams birth weight) of the Femina and the MBRN
datasets and found discrepancies in numbers. In the largest subset, Cat. 28, 10% of
stillbirths were not found in the MBRN, and 7% were not found in Femina. The
MBRN and other Nordic birth registries are often, for many good reasons, looked
upon as an international “Gold standard” for vital registries in terms of completeness,
even though our finding of 10% of stillbirths as either unreported or non-retrievable
from the MBRN is in line with previous findings (56). It is room to hypothesize as to
whether the design of dual prospective and retrospective capture of stillbirths in the
Femina data collection may have contributed to a slightly better capture (7% missing)
than the MBRN, and registrations of pregnancies rather than births have been
suggested to improve capture of adverse birth outcomes (139). However, this is only a
subjective conclusion. Both 7% and 10% are not considered as high as errors in
clinical research databases have shown to range between 2.3 to 26.9%, most of them
non-random, however, affecting the interpretation of the study results (140). Yet,
throughout the field of medicine, the reporting of the most severe adverse events by
health care professionals is hampered by numerous barriers, including human error,
practical or technical difficulties etc. (139;141;142). We observed that in the missing
reports to the MBRN, 28% of all missing reports came from one single hospital —
representing 28% of their third trimester stillbirths, and 38% of term stillbirths in that
hospital. In reporting to Femina we found no similar systematic misreporting by any

hospital, except that three deaths from one hospital in one month were missed,
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indicating an inexplicably flawed reporting for that specific month. Additional
stillbirths left unreported both to the MBRN and Femina cannot be ruled out, but there
is no data to support or refute this. Although possibly an ideal, the capture of 100% of
stillbirths including those not reported to the MBRN or Femina and potentially
misclassified as neonatal deaths or misclassified by diagnosis in hospital registries, ill-
registered birth weight or gestational age, or altogether unregistered home deliveries,
would not be doable within the limitations of medical research. If at all possible, it
would entail full disclosure of personal identifiers to the researchers involved, which
would only be possible by maternal consent and completeness would not be achieved.
Of the reasons discussed above, and for the purpose of replication and validation of
the effect estimate Femina, we regarded the combined datasets of the MBRN and
Femina as the best possible available source for replication of the effect estimates

from the Femina studies — despite the imperfections of each of the two data sources.

Comparability and sample size

In addition to the issue of individual completeness of the two datasets, there were two
more limitations to the potential for replication of the effect estimates in Femina:
Comparability and sample size.

The issue of comparability around the gestational age of 28 weeks between the
MBRN and Femina has also been discussed previously (section 3.1.), and this would
have the potential to provide invalid comparisons although the addition of a birth
weight limit (1000 grams) would improve this somewhat. The MBRN also reported in
their statement on the data deliveries to our project that the completeness of stillbirth
reports increased with gestation, an experience recognized in all settings (139). With

the existing limitations for comparisons at the limits around 28 weeks and 1000
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grams, the MBRN suggested in their statement to report cases of > 32 weeks and 1500
grams (Cat. 32) to minimize bias in comparisons. We agree that this would improve
comparability, and that this probably would represent the most robust data for
comparing the point estimates (odds ratios). Indeed, in evaluating the datasets for
comparisons we found that reporting of early deaths (28 — 31 weeks) to Femina
remained unchanged during the intervention (increased by 9%, 7 vs. 18 cases among
19035 vs. 44967 births) while reporting to the MBRN apparently increased by 80% (4
vs. 17 cases) — largely because 38% of deaths in the category 28 -31 weeks were not
reported to the MBRN in the period prior to the intervention (3 of 8 cases). In all — the
only significant discrepancies in effect estimates between the Femina data, MBRN
data and the cross-validated dataset were found among deaths from 28 — 31 weeks of
gestation deemed to be the least comparable portion of the datasets. Above 32 weeks
or 1500 grams, the estimates were virtually identical.

In terms of sample size, subsets of data collections cannot be used for a
complete re-analysis of the results in terms of both the estimate of effect and the
estimates of variance, CI’s and thus overall statistical significance. In our setting, it
would mean that the smallest subset (Cat 32) — although deemed to be the most
suitable for replication of the effect estimate — would be the least suitable for a
replication of the CI’s. Replicating the effect estimate between datasets is an essential
component of our understanding of the evidence for effect sizes in e.g. meta-analyses
of the Cochrane database (143). In performing these analyses in meta-analyses,
however, the value under scrutiny is the point estimate (in this case, odds ratio), and
the CI’s (as a measure of size and variation) are only included in this so-called
Cochran’s Q analysis of heterogeneity of meta-analyses for the purpose of weighting

the individual datasets proportion of the overall analysis. While CI’s are important
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measures in any setting or analysis, replications of effect size can provide substantial
support to an effect estimate even when each individual dataset may have insufficient
power to demonstrate significance by itself. The effect estimates in our replication in
Cat 32 were found to be OR 0.7 (Femina 0.74, MBRN 0.71, Cross-validated 0.72)
compared with the original OR 0.7 (Femina total 0.69) — in statistical terms virtually

identical.

Conclusions; neither of the datasets had optimal robustness, more studies needed
Yet, when taking all possible comparisons and data materials made available through
the Femina and MBRN datasets into account, all CI’s were borderline significant
(upper limit of 95% CI’s closely below or above 1, slightly versus not significant),
and effect estimates in the range of OR 0.7 to 0.8. We therefore concluded that
although the validation and replication procedures leant support to the original effect
estimates, and thus the overall conclusions of the study, neither the Femina nor the
MBRN data collections have optimal robustness, and we called for cautiousness in

interpretation of effect estimates and for more studies to confirm our findings.

5.7. Kick chart or not - does it cause anxiety and what are the benefits?

The ritual of daily movement counting might increase maternal awareness and
improve the mother’s perception of changes in fetal activity. However, since the
proportion of women using the chart in our population was relatively low (paper 1V),
it is more likely that these effects are attributable to increased awareness by the simple
act of receiving a chart, and not by actually using it. There is still no evidence that

formal FMC is superior to maternal common sense, and thus no evidence to support
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the introduction of such counting in any total population using the existing alarm
limits of FMC (103). Nevertheless, women do monitor FM and, irrespective of the
viewpoint of health-care professionals, guidance to improve awareness and
understanding of the significance of DFM is needed.

Promoting awareness by recommending women to count FM on a daily basis
in the third trimester could provide additional vigilance in the individual pregnancy
and help the expectant mother to identify significant changes. However, a single
defining limit which would be better than a subjective maternal perception of DFM
does not exist due to inter-individual variations (3).

Fear of increased maternal concern and anxiety (144) as well as increased
costs for examinations (96;111) might constitute some of the reasons why many
health-care professionals choose not to recommend an FM chart to their low-risk
patients. However, previous reports have indicated that FMC does not cause anxiety
(108), and another study even indicates that FMC could enhances the maternal-fetal
attachment (109).

The purpose of our intervention was not to study and evaluate the use of a kick
chart per se. However, it should be noted that the consultation rate did not increase
during the intervention and the use of a kick chart was associated with a reduced risk
of being examined in the hospital because of DFM (18% in the noncounting group
versus 9% in the counting group: p = 0.045). In addition, women who did use a kick
chart did not report increased concern and were not examined any more frequently in
the hospital (paper V). Previous reports have indicated that the key factor for high
compliance with the use of an FM chart is effective communication and
encouragement from a health-care professional (19;102;145). Indeed, this is supported

by the findings of our study (paper IV). Satisfaction with the information about the
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rationale for fetal monitoring and the technique of recording were associated with
more frequent use of a kick chart and increased the mother’s assessment that a kick
chart was important and useful. It appeared “safe” with regard to both maternal well-

being and the use of health-care resources (paper IV).

5.8. What is the most valuable definition of DFM?

In our population preceding the intervention, 9% of the included maternity units
regarded the limits for DFM to be “absence of FM for 24 hours” or the extreme
opposite, with women reporting that they were informed to expect the baby to kick at
least 25 times per hour (115). The information we provided to the women during the
intervention emphasized that her subjective perception of a significant and sustained
reduction in FM was the primary indicator of DFM, and the indicator to seek help
from health-care professional. The woman was advised never to wait until the next
day if the baby did not kick for 1 day or kicked less and less in the course of a
day/days. Daily counting of FM was only suggested as a tool to aid monitoring FM,
guiding the woman with “ten FM within 2 hours” as a secondary rule of thumb in
situations where she felt in doubt. Even though this appears to be the only validated
definition of DFM for focused counting, our surveys from Norway, the UK, and
Australia indicate that it has little support among obstetricians. The most highly
approved definitions of DFM are still “ten movements in 10 hours” or other limits
derived from “Daily Movement Counts” (96;103;115). However, such limits represent
extreme deviations from normality and they might cause more harm than good.
Whilst beneficial effects were reported among the four studies comparing

formal FMC versus no counting, this might result from a combination of high
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awareness and maternal common sense in terms of defining DFM as the given alarm
limits for each study. None of the studies actually demonstrated that their definition of
DFM was beneficial, and none prevented women from presenting with their own
subjective perception of DFM. Promoting awareness, vigilance, and FMC could
require the maternal perception of a significant and sustained reduction in fetal
activity to remain the main definition of DFM. Any alarm limits, such as “ten FM in 2
hours” should be used for guidance purposes only. New and individually adjusted

definitions of DFM are needed.
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6. Concluding remarks and future perspectives

The goals of antepartum fetal surveillance in cases of DFM are to avoid imminent

fetal jeopardy (101), and to identify pregnancies at increased risk of stillbirth and

other adverse pregnancy outcomes. Antepartum health-care should provide

appropriate care in order to reduce this risk while avoiding unnecessary interventions

(99). The results of this study can be summarized as follows:

Women experiencing DFM in a total population are at risk of adverse
pregnancy outcome such as PTB and FGR, and should be managed as such
(paper I).

Maternal characteristics and the duration of the perceived decrease of FM in
uncomplicated pregnancies could help identify pregnancies that should receive
intensified management. A concern for DFM among women with complicated
pregnancies might identify indications for additional follow-ups. Research is
needed to define the optimal management of subgroups of cases of DFM
(paper 1II).

Women are often poorly informed about the significance of fetal activity.
Information could increase maternal awareness toward fetal activity in the
individual pregnancy and help the expectant mother to identify significant
changes (paper I1I and IV).

Time matters and the provision of guidelines and knowledge-based
information to pregnant women are needed to prevent delayed reporting of

DFM and thus to improve fetal health (paper III and IV).
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Improved definitions and RCTs are needed to identify the optimal
management of pregnancies with DFM and any future use of FMC techniques
(paper I1I).

Both no information and bad information is harmful and good information
must be knowledge based. The routine of daily FMC in the third trimester
could provide additional vigilance. However, there is as yet no evidence that
formal FMC with fixed alarm limits is superior to maternal common sense.
Thus, there is no evidence to support the introduction of such counting in any
total population, or rationale to perform trials using the existing alarm limits of
FMC. Better tools are needed to identify the pregnancy at risk by assessing
FM patterns, and they will have to be individually adjusted to identify change,
and not level, of activity (paper III).

Observational studies are at risk of bias. RCT’s are considered to provide the
strongest evidence regarding an intervention. A higher difference is required in
observational evidence. The precise effect of optimal information to pregnant
women about DFM, and the optimal management of complaints for DFM, still
remains to be identified in RCT’s.

We found that through our validation and replication procedures that neither
the Femina nor the MBRN data collections had optimal robustness. All CI’s
were borderline significant (upper limit of 95% CI closely below or above 1;
slightly versus not significant), and the effect estimates in the range of OR 0.7
to 0.8. We call for cautiousness in interpretation of the effect estimates. More

studies; especially RCT’s are needed to confirm our findings.
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1. Undersgkelsesdato og tidspunkt (dd.mm.a4): DDDDDD KI (tzmm): DD DD

2. Mor og svangerskapet:

DD ar
LI g
LI om
[ ] ikke royker DD sig/dag
Tidligere svangerskap: Lev. fcadteD Dradffz;dteD Spont.abD
Kjente sykd./risikofaktorer:

Termin (helstifig. UL) | | [ | | [ ] | (dd.mm.aa)

[INorsk, Amnet: | [ [ [ [ [ [ [[]]]
Opprinnelse:| | Norge,Amnet:| | [ [T T T T[]}

Mors alder (i ar)
Mors vekt fgr svangerskapet (i kg)
Mors hgyde (i cm)

Mors rgykevaner

Morsmal:

3. Hovedarsak til konsultasjonen:

Konsultasjonen fant sted ved fadeavdeling

ved poliklinikk

0]

Mors begrunnelse for ‘lite liv’?

Mor kjente “lite liv’ og rapporterte dette []
ELLER

Mor brukte sparkeskjema og rapporterte “lite liv”’
i henhold til retningslinjer

ELLER
Mor anga “lite liv’ pa direkte forespersel

1 O

Nar rapporterte mor “lite liv’?

Mor ringte eller kom til undersgkelse pa eget initiativ
Ved alminnelig svangerskapskontroll

Ved konsultasjon/innleggelse for andre
svangerskapskomplikasjoner

Ved innleggelse pga planlagt forlgsning eller
spontan fedsel

O O

4. Varighet av “lite liv”:

Fra nar opplevde mor at det var mindre fosterbevegelser?

@dmmaa)y| | L[] Regemmy: [ ][]
Nar var siste gang mor kjente fosterbevegelser?

(ddmmaa): | ]| Reeemmy: [

Nar tok mor ferste gang kontakt med helsepersonell
pga “lite liv’?

(ddmmaa):| | L] keeemmy: [ ]

Bruk kulepenn og skriv / kryss

av tydelig. Eksempel:

Identifikasjon
Lim inn klistrelapp her

Mors opplevelser av fosteraktivitet ved ankomst sykehuset

Mor kjenner fortsatt “lite liv> [ |
ELLER
Mor har hatt normal fosteraktivitet

i DD timer og DD minutter

5. Utfarte undersgkelser ved sykehuset:

CTG
UL (maling av fostervannsmengde)
UL (maling av fostervekst/-starrelse)

]

Doppler/flow-maling
Annet

6. Evaluering av ‘lite liv’-undersgkelsen

Ble patologi funnet? Ja [] Neil]

Hyvis ja, sjekk alle punkter og kryss av om patologien var
ukjent eller kjent for denne undersgkelsen

Ukjent

Fosterdad

Akutt morkakesvikt / fotal distress

Non-reaktiv CTG

Kronisk morkakesvikt / veksthemming

Patologisk Doppler-flow

Medfedte misdannelser

Avvik i fostervannsmengde: poly Doligo

Reduserte fosterbevegelser

Annet

=
Lz

N o

CTG
UL
Doppler

Eventuell patologi ble funnet med:

Y v

7. Konsekvenser av undersgkelsen:

Ingen videre oppfelging (tilbake til alminnelig
svangerskaps- eller fadselsomsorg)

]

Gjentatt kontroll planlagt / anbefalt om DD dager
Innlegges til videre observasjon

Innlegges til indusert forlgsning

NN

Innlegges til hasteforlgsning



fetal movement intervention assessment
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L em
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ved poliklinikk
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Mors begrunnelse for ‘lite liv’?

Mor kjente “lite liv’ og rapporterte dette []

ELLER
Mor brukte sparkeskjema og rapporterte “lite liv”’
i henhold til retningslinjer

ELLER
Mor anga “lite liv’ pa direkte foresparsel

1 O

Nar rapporterte mor “lite liv’?

Mor ringte eller kom til undersgkelse pa eget initiativ
Ved alminnelig svangerskapskontroll

Ved konsultasjon/innleggelse for andre
svangerskapskomplikasjoner

Ved innleggelse pga planlagt forlgsning eller
spontan fadsel

O O
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ELLER
Mor har hatt normal fosteraktivitet

i DD timer og DD minutter
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CTG

UL (maling av fostervannsmengde)
UL (maling av fostervekst/-starrelse)
Doppler/flow-maling

]

Annet

6. Evaluering av ‘lite liv’-undersgkelsen

Ble patologi funnet? Ja [] Neil ]

Hyvis ja, sjekk alle punkter og kryss av om patologien var
ukjent eller kjent for denne undersgkelsen

Ukjent

Fosterdad

Akutt morkakesvikt / fgtal distress

Non-reaktiv CTG
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Patologisk Doppler-flow
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Veiledning til utfylling og bruk av skjema for rapportering av ’lite liv”

En ’lite liv’-konsultasjon er definert som:

En profesjonell vurdering av enkeltsvangerskap =28 begrunnet i bekymring for lav fosteraktivitet®.

* Uavhengig av om bekymringen kommer fra kvinnen eller helsepersonell, og uavhengig av om bekymringen

er bakgrunn for konsultasjonen eller om den kommer fram under annen konsultasjon eller innleggelse av andre arsaker.
Kun kliniske konsultasjoner i avdelingen skal inkluderes, ikke telefonkonsultasjoner.

Bruk av skjemaet:

Sett en klistrelapp med kvinnens identifikasjon eller skriv kvinnens navn og fadselsdato kun pa farste arkets
gverste hgyre hjgrne. Fyll ut alle felt 1-7 og legg hele skjemaet (begge ark) i samleboks for Femina-skjemaer.
Koordinator fyller ut utkomme og sender del 2 til Femina sentralt.

8. Svangerskapsutkomme:

Gutt [_] Jente [ ]
Fodselsvekt (i gram) DDDD g

Fedselsdato: DD . DD DD (dd.mm.aa)

Fadselsmate
Normal vaginal
Instrumentell vaginal
Elektivt sectio

IO

Hastesectio

Indikasjon for inngrep under fadsel
Protrahert fadselsforlgp
Maternelle forhold
Fatale forhold

Fadselens start
Spontan
Indusert

o0 oo

Planlagt

Apgar score ved 5 min DD 10 min DD

Laveste pH under/ved fadsel: pH D DDD
Avvikende fgtal hjerterytme/funksjon under fadsel

Neonatale nevrologiske manifestasjoner

[]

\ []
(hypotoni, koma, kramper, e.l.)

[]

[]

Multisystem organsvikt
(kardiovaskuleer, respiratorisk, hematologisk e.l.)

Overfort til nyfgdtavdeling
Arsak:

Mortalitet

Antepartum ded

Intrapartum ded

Neonatal dad pa fedestue

Kvinnen kom ikke til sykehuset pga “lite liv”

O]

Dgdsarsaker:

Basert pa: klinikk D obduksjon D placenta u.s.D
Vurdering: Uunngaelig ded [ ] Kunne veert unngétt [ |






















































































































































Sporreskjema om barnets aktivitet for fadsel

1 Stemmer
1. Beskriv barnets aktivitet slik det stort sett var Stemmer Stemmer ganske Stemmer Vet
pa en gjennomsnittlig dag helt delvis darlig ikke ikke

Barnet sparket mye stort sett hele dagen ...............coooiiiiiiiii
Jeg kjente mye spark hverdag ...........coooiiiiiiii
Mot slutten av svangerskapet hadde barnet lengre perioder hvor det var stille ..
Jeg kjente sparkene annerledes mot slutten av svangerskapet ......................

2. Hadde barnet ditt vanligvis perioder pa degnet hvor det var spesielt stille eller aktivt?

Ja —>Bamnet var mest aktivt om morgenen Barnet var mest stille om morgenen
Nei om formiddagen om formiddagen
Vet ikke om ettermiddagen om ettermiddagen
om kvelden om kvelden
om natta om natta
1
Barnet ble Barnet ble Barnet ble Vet
3. Hvordan reagerte barnet... mer aktivt ikke pavirket mer stille ikke

.. dersom du var SUteN? ...........ccoviiiiiiiiiii
.. etter at du hadde spist eller drukket?.

.. dersom du var stresset ellerredd?...............ccocoeiininne
.. dersom du dyttet borti barnet? ...,

4. Hvordan kjente du aktivitet fra barnet ditt? Ofte Avogtil Sjelden Aldri Vet ikke
Jeg kjente at barnet sparket/dyttet

Jeg kjente at barnet snudde seg fra side til side ............

Jeg kunne stort sett kjenne hvordan barnet la ...............
(hvor hodet, ryggen og beina var)

Stemmer
5. Hva betydde det for deg at barnet sparket? Stemmer Stemmer ganske Stemmer Vet
helt delvis darlig ikke ikke

Jeg opplevde sparking fra barnet positivt ............c...cooiii
Jeg sa pa det som et tegn pa at barnet hadde detbra ...................
Jeg ble kjent med barnet mitt ved at jeg kjente livfradet ................

Det var viktig for meg a kjenne at barnet sparket hver dag ...

Jeg tenkte ikke noe seerligoverdet ...

B. INFORMASJON

6. Fikk du informasjon pa svangerskapskontrollen om hva du burde forvente av barnets aktivitet?

Nei Ja Vet ikke/husker ikke 1
Stemmer
Stemmer Stemmer ganske Stemmer Vet
7.  Hvis JA, hvilken informasjon fikk du? helt delvis darlig  ikke ikke

At jeg skulle "kjenne liv hver dag” ...........cooiiiiiiiii e
At det er "normalt at man kjenner mindre liv pa slutten av svangerskapet” ........
At det var "viktig a registrere dersom barnet ble mer stille enn fer” ..................
At gravide normal skal kjenne et visst antall bevegelser over en viss periode ...

fyll evt inn antall spark i lapet av time(r)
8. Hvor stor rolle synes du disse har hatt Stor Ganske Ganske Ubetydelig Vet lkke
for & passe pa at barnet ditt hadde det bra? rolle storrolle liten rolle rolle ikke aktuelt
Jordmor pa svangerskapskontrollen ..........................

Egenlege ...
JEG SEIV .o



C. OM SPARKESKJEMA

Sparkeskjema er et skjema hvor den gravide skal telle antall spark over en viss periode og registrere dette i et skjema.
9. Har du hatt et slikt skjema?  Nei —> Huvis NEI, ga til spersmal 12

Ja
10. Hvis JA, hvor ofte har du brukt det? Daglig 2-6 gangeriuka Engangiuka Sjelden Aldri Vet ikke
1
Stemmer
11. Hvordan opplevde du a fa og a bruke sparkeskjema? Stemmer Stemmer ganske Stemmer Vet
delvis darlig ikke ikke

Jeg fikk god informasjon om hvordan jeg skulle bruke sparkeskjemaet ...........
Jeg fikk god informasjon om hvorfor jeg skulle bruke sparkeskjemaet ............

Det var tidkrevende .............oooiiiiiiii
Jeg syntes at jeg ble bedre kjent med barnet ...
Jeg ble usikker pa hva som skulle telle med.............cooooviiiiiiiiiiiiineii
Det var veldig greit a fa framstilt barnets aktivitet i et skiema .........................
Det ble for mye oppmerksomhet rundt barnets aktivitet ....................co.ooeie

D. OMLITE LIV

Ofte Avogtil Engang Aldri Vet ikke
12. Har du i dette svangerskapet veaert bekymret for at barnet sparket lite?
Dersom du har svart ALDRI her, ga videre til spersmal 24
Stemmer
13. Hvorfor syntes du at ditt barn var stille? Stemmer Stemmer ganske Stemmer lkke
delvis darlig ikke aktuelt

Barnet sparket mindre enn fer - det hadde veert mer aktivt tidligere i svangerskapet
Det virket som om barnet sparket mindre enn mine venninners barn ..............
Jeg har fgdt for, og dette barnet var mindre aktivt enn de(t) forrige barna(et) ...

Det sparket mindre enn anbefalinger jeg har settellerhort ...........................

1 Stemmer
14. Hva tenkte du om at barnet ditt var stille? Stemmer Stemmer ganske Stemmer Vet
delvis darlig ikke ikke

Jeg tenkte at det var normalt for mitt barn ..............ooooiiiii,
Jeg var redd for at barnet mitt var sykt eller ikke hadde detbra .......................
Jeg var redd for at barnet skulle d@ ...............oooiiiiiiiiiii
At jeg ikke kjente godt nok etter og at det var en ungdvendig bekymring ..........

15. Beskriv hvordan du forholdt deg dersom du var bekymret for at barnet sparket lite?
Dersom det var flere ganger, beskriv de gangene du var mest bekymret.
I hvilken svangerskapsmaned var du?
Hvor sgkte du rad (sett ett eller flere kryss)
Jeg kontaktet venninne(r) og familie.................cooovinns
Jeg leste i baker og blader om svangerskap ........................
Jeg leste egen brosjyre om sparkeaktivitet og sparketelling .....
Jeg leste pa informasjonssider om gravide pa internett ..........
Jeg ringte egen lege/jordmor pa svangerskapskontrollen .......

Jegringte til sykehuset ...,
16. Dersom du ringte til helsepersonell, hvilke(t) rad fikk du (sett gjerne flere kryss)

At jeg skulle se det an i timer

At jeg skulle legge meg ned og telle spark over en viss periode: Telle spark innen timer
At jeg skulle drikke noe sgtt og se om barnet ble mer aktivt
At jeg skulle drikke noe kaldt og se om barnet ble mer aktivt
At det virket normalt og at det ikke var noe a bekymre seg over
At jeg kunne vente til neste dag fer jeg tok videre kontakt med helsepersonell 1
At jeg skulle komme direkte til undersgkelse
17. Hva gjorde du?
Jeg folte ikke behov for undersgkelse av helsepersonell
Jeg dro direkte til legen/jordmoren min ..o
Jeg dro direkte til sykehuset/fadeavdelingen ................

Jeg dro direkte til legevakta



E. UNDERSQKELSER

18. Hvem var det som undersokte deg dersom du
var til undersokelse hos helsepersonell
pa grunn av at barnet sparket lite?

Jordmor/lege pa svangerskapskontrollen ...........................
Jordmor/lege pa sykehus/fedeavdeling.............c....cccoeeennnni.

19. Hvilke undersgkelser ble gjort for a finne ut hvordan barnet ditt hadde det (sett ett eller flere kryss)?
CTG (registrering av barnets hjertelyd ved at det festes belter rundt magen din og du trykker pa en sparkeknapp)
Ultralyd (for eksempel maling av barnets sterrelse og fostervannsmengde)
Doppler (maling av blodstremshastighet ved hjelp av ultralyd slik at du hgrer barnets puls)

Vet ikke 4
20. Ble det funnet noe galt ved undersgkelsen?  Nei Ja Vet ikke
21. Hvis JA, hva ble funnet?
Barnet var akutt truet pa grunn av morkakesvikt .......... Det var for lite fostervann .......................
Barnet hadde vokst for lite (veksthemmet) ................. Barnet hadde misdannelser .....................oocoooei.

Det var for mye fostervann Annet

F. ETTER UNDERSQKELSEN

1
22. Hva skjedde etter denne undersgkelsen? 23. Dersom du ble sendt hjem, hvordan hadde du det?
Jeg ble anbefalt a fortsette til vanlig Jeg varberoliget ..o
svangerskapskontroll Jeg tenkte ikke meroverdet ...........................
Jeg fikk kontrolltime pa sykehuset etter dager Jeg var engstelig, men tok det ikke opp med
Jeg ble innlagt til observasjon helsepersonell flere ganger ..............ccooviiiiiiiienne.

Jeg var engstelig og snakket med helsepersonell om det

Jeg var engstelig og var til nye kontroller pa grunn
avatbarnetvarstille ...

G. OM FODSELEN OG BARNET

Jeg ble innlagt for at fadselen skulle settes i gang
Jeg ble innlagt til hasteforlasning/keisersnitt

24. | hvilken svangerskapsuke fadte du 27. Barnets fadselsvekt: gram
i € ceiiiiiittttti ittt rnenans . e arne y e i ny g av e ing arneav e ing.

(uke 40 er termin)? 28. Ble barnet flyttet til nyfadtavdeling/b deling?

25. Hvordan fodte du? .
) ) Nei Ja

Vanlig fadsel (vaginal) ... 29. Hvis JA, hvor gammelt var barnet da?

Keisersnitt som var planlagt ................coocoiiiinn,

Keisersnitt som ble bestemt underveis i fadselen ........ dager timer

Hastekeisersnitt ..............ccoeevviiiiiieiiiiieiiieeieeeens 30. Hvordan gar det med barnet na?
26. Barnets kjgnn:  Gutt Jente Barnet har det bra sammen med meg pa barsel ..........

Barnet er innlagt pa nyfgdtavdeling/barneavdeling .......

H. NOEN OPPLYSNINGER OM DEG
35. Din hoyeste fullferte utdanning? 1

31. Hvor mange barn har du fedt for? 9-arig grunnskole ............cccceeiieiiiineinnnn.

32. Reykte du de siste 3 manedene for du ble gravid? 3-arig videregaende skole ......................

Hayskole, universitet inntil 4 ar ................

Av og til: sigaretter per uke (gj.snittlig) (cand.mag, sykepleier, ingenigr, lzerer)
Universitet, hgyskole, merenn 4 ar ..........
(hovedfag, mastergrad, embetseksamen)

BESVARES AV ALLE

Daglig: sigaretter per dag (gj.snittlig)

33. Roykte du den siste maneden av dette svangerskapet?

36. Alder: ...........ccccoeeiiinnnn. ar
Av og til: sigaretter per uke (gj.snittlig)
37. Dinhegyde: ...................... hele cm
Daglig: sigaretter per dag (gj.snittlig)
34. Hvilken sivilstand har du na? 38. Vekt for svangerskapet: ... hele kg
Gift Samboer Enslig Skilt/separert Enke NEI JA

39. Har du annet morsmal enn norsk? .................

40. Hvis JA, hvilket morsmal?

Takk for hjelpen!
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Abstract

Background: Women experiencing decreased fetal movements (DFM) are at increased risk of
adverse outcomes, including stillbirth. Fourteen delivery units in Norway registered all cases of
DFM in a population-based quality assessment. We found that information to women and
management of DFM varied significantly between hospitals. We intended to examine two cohorts
of women with DFM before and during two consensus-based interventions aiming to improve care
through: I) written information to women about fetal activity and DFM, including an invitation to
monitor fetal movements, 2) guidelines for management of DFM for health-care professionals.

Methods: All singleton third trimester pregnancies presenting with a perception of DFM were
registered, and outcomes collected independently at all 14 hospitals. The quality assessment period
included April 2005 through October 2005, and the two interventions were implemented from
November 2005 through March 2007. The baseline versus intervention cohorts included: 19,407
versus 46,143 births and 1215 versus 3038 women with DFM, respectively.

Results: Reports of DFM did not increase during the intervention. The stillbirth rate among
women with DFM fell during the intervention: 4.2% vs. 2.4%, (OR 0.51 95% CI 0.32-0.81), and 3.0/
1000 versus 2.0/1000 in the overall study population (OR 0.67 95% Cl 0.48-0.93). There was no
increase in the rates of preterm births, fetal growth restriction, transfers to neonatal care or severe
neonatal depression among women with DFM during the intervention. The use of ultrasound in
management increased, while additional follow up visits and admissions for induction were reduced.

Conclusion: Improved management of DFM and uniform information to women is associated with
fewer stillbirths.
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Background

Maternal perception of fetal movements (FM) is a univer-
sally implemented self-screening, administered and inter-
preted individually by all pregnant women, with or
without guidance from health care professionals [1].
Maternal reporting of decreased fetal movements (DFM)
is a frequent reason for unplanned health consultations
through the third trimester ranging between 4%-16% in
various populations [1-3] and 5% in a previous report [2].
Pregnancies affected by DFM are at increased risk of
adverse outcome such as fetal growth restriction (FGR),
preterm birth and fetal death [4-9].

There is no universally accepted methodology for assess-
ing DFM. Every method has its limitations and a "gold
standard" is difficult to define. Maternal perception of FM
arises first and foremost as a result of pressure against
body-wall structures, and thus the mother's perception
reflects gross FM or limb movements [10,11]. The propor-
tion of movements perceived by the mother and docu-
mented during ultrasound monitoring at the same time
ranges from 37% to 88% [12]. A common factor in these
studies is that the mother is lying down and focusing on
fetal activity. This is the only situation in which we know
that maternal perception and objective measures of FM
are strongly correlated with objective measures of fetal
activity. Outside such a setting, both the actual frequency
of movements as well as the mother's ability to perceive
them are influenced by factors such as maternal position
[13], activity and exercise [14], anxiety [15], stress [16],
blood sugar [17], smoking [18], placenta localization
[10], and obesity [19]. Parity has not been found to affect
maternal perception of FM in the third trimester [10], but
multiparous might be able to perceive FM earlier in preg-
nancy than primiparous [20]. There are significant diurnal
variations in normal fetal activity, which changes gradu-
ally with gestation [10,20].

Among the attempts to define DFM, a variety of methods
of FM counting with different alarm limits have been pub-
lished [1,6,7]. Among these, the rule of "ten movements
within 2 hours" [21]. This is the only definition of DFM
based on focused maternal counting which has been both
developed and tested as a screening tool in a total popula-
tion, and currently the definition of DFM recommended
by the American Academy of Pediatrics and the American
College of Obstetricians and Gynecologists if maternal
movement counting is performed [22]. Other definitions
of DEM have mostly been based on counting through
both rest and activity and have little evidence in support
of their association with actual fetal activity. The most
important clinical understanding of DFM is still the
mother's own perception of a decrease [1,23-26].

There are no universally accepted guidelines for the man-
agement of DFM [7,12]. Although several studies have

http://www.biomedcentral.com/1471-2393/9/32

presented guidelines including non-stress test (NST),
ultrasound examination and Doppler [2,3,5,7,22,27],
most of these recommendations are based on limited evi-
dence, as we have reviewed elsewhere [7,12].

We intended to examine two cohorts of women with DFM
before and during a quality improvement intervention by
implementing guidelines for management of DFM and
uniform information on fetal activity to women.

Methods

Women with singleton pregnancies of at least 28 weeks
gestation or more who reported a concern for DFM (either
by spontaneous reporting or upon questioning), were reg-
istered prospectively for quality-assurance purposes at 14
delivery units in eastern Norway and the city of Bergen.
The registrations were a part of the international collabo-
ration, Fetal Movement Intervention Assessment
(Femina) [2]. Recurrent visits for DFM in already regis-
tered pregnancies were excluded as we intended to report
the number of women newly reporting DFM. Data from
women with a stillborn infant were obtained separately,
to ensure completeness of mortality data, but stillbirths
not initially identified by DFM were subsequently
excluded, as were pregnancies with a gestational age under
28 weeks and multiple pregnancies (figure 1). To ensure
unbiased registrations for quality-assurance of clinical
practice at the individual hospital, maternal consent was
not sought. The study was approved by The Regional
Committees for Medical Research Ethics and Personal
Data Act and advised by The Norwegian Data Inspector-
ate.

Data collection

The registration period included 7 months of baseline
observation followed by 17 months of intervention: from
April 1, 2005 to March 31, 2007. In Norway, almost all
pregnant women attend the antenatal program which is
free of charge and covered by the public health-care serv-
ices. The Norwegian antenatal care program is following
contemporary guidelines composed by the National Insti-
tute of Clinical Excellence [28]. The community midwives
and general practitioners are in charge of the antenatal
program, and without the possibility to perform an NST
or ultrasound examinations locally, they usually refer the
concerned mothers to the nearby hospital with a mater-
nity ward. Hence, the pregnant women in Norway typi-
cally contact maternity wards directly with any acute
concerns for DEM. There are no private delivery wards in
Norway. Women fulfilling the inclusion criteria were reg-
istered prospectively by the caregiver at the time the
woman presented to the hospital. Pregnancy outcome
were collected independently after delivery from the med-
ical files by study coordinator at each hospital. Data were
anonymized and submitted to the study-coordinating
centre. DFM was defined as any woman presenting with
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Total population
n = 65,550

Total births prior to the intervention,
n=19,407

Total births during the intervention,
n=46,143

Reports of DEM prospectively
registered in singleton third trimester
pregnancies prior to the intervention,

n=1370

Reports of DFM prospectively
registered in singleton third trimester
pregnancies during the intervention,

n=3534

Excluded
Recurrent visits, gestational age < 28
weeks, fetal deaths not initially
identified by DFM and multiple
pregnancies, n = 128*

Baseline cohort
Reports of DFM prospective
registered in singleton third trimester
pregnancies, n = 1215
Lost to follow-up, n=27 (2.2%)

Figure |

Excluded
Recurrent visits, gestational age < 28
weeks, fetal deaths not initially
identified by DFM and multiple
pregnancies, n = 439*

Intervention cohort
Reports of DFM prospective
registered in singleton third trimester
pregnancies, n = 3038
Lost to follow-up, n=57 (1.9%)

Trial profile. Trial profile of total births and reports of decreased fetal movements before and during the intervention *All
deaths, irrespective of how they were initially identified, were included in analyses of mortality in the total population.

concerns for DFM, irrespective of whether this was based
on her subjective opinion or it emerged during an antena-
tal visit for other reasons. In addition to the registrations
by our study protocol, the numbers of births and still-
births from our population were obtained from the Med-
ical Birth Registry in Norway to assess overall trends in
stillbirth, for the most updated period available: April
2005 to December 2006.

Guideline development

Our observations of pregnancies with DEM prior to the
intervention identified significant differences in manage-
ment between hospitals - none had provided the women
with written information - and there were indications of
co-variation between management and pregnancy out-
comes [2]. Almost all hospitals would perform an NST,
about half performed an ultrasound scanning, and some
carried out an umbilical artery Doppler examinations [2].
The risk of adverse outcomes increased with the severity
(perceived absence of DFM) and duration of DFM. Unde-

sirable behavior was frequent, with one-third of the
women did not present before an absence of FM was per-
ceived: one-quarter of these women waited for more that
24 hours [2]. An initial survey of all 55 birth clinics in
Norway found a wide range of definitions of DEM used to
inform women, varying from three kicks per hour to an
absence of more than 24 hours [29]. Among the fourteen
participating clinics, the women received a wide range of
advice in terms of normal frequency of FM: varying from
25 kicks per hour to 3 kicks per 24 hours [30].

With this in mind, a systematic review of all currently pub-
lished literature was undertaken to determine the optimal
management for women with DFM. A group of experts
together with Chairs of midwifery and obstetrics of all
participating hospitals developed a best- practice- and
consensus-based approach to the best-practice manage-
ment of DFM and the information provided to pregnant
women. In our own quality assessment of care prior to the
intervention, NST and ultrasound examination were
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found to be the most useful tools for fetal surveillance in
DFM, while an umbilical artery Doppler examination
failed to add significant information among 3014 cases of
DFM. Ultrasound scanning was, by comparison, the most
important tool, being the source of information in 86.2%
of cases where abnormalities were detected [12]. In brief,
our implemented guidelines recommended: a standard
clinical evaluation for all women reporting DFM, an NST,
and an ultrasound scan to quantify FM, amniotic fluid
volume, and fetal anatomy and growth. A mother present-
ing with a concern of DFM was to be examined within two
2 hours if absence of FM was suspected, otherwise within
12 hours (guidelines published in detail) [12].

Information for women

We developed a brochure of information that aimed to
increase maternal awareness and vigilance to significant
decreases in fetal activity, and to aid health-promoting
behavior. This was provided as a part of the routine infor-
mation given to women at the standard ultrasound assess-
ment at 17-19 weeks of pregnancy (to which 98% of the
population adhere). In addition to Norwegian, the bro-
chure was available in Somali, Urdu, English, Turkish,
and Arabic. The brochure included certain "rules of
thumb" about fetal activity (additional files 1, 2, 3, 4, 5
and 6). The primary indicator of DFM was defined as her
perception of a major and lasting reduction in the normal
activity of her baby. In some situations the woman was
advised to contact health-professionals for further exami-
nations: 1) never to wait to the next day if the baby did not
kick one day or, 2) if the baby kicked less and less in the
course of a day/days, or 3) if she felt less than ten FM in 2
hours at a time of the day when the baby was usually
active, and she perceived this as a reduction. As a guide to
help the women to identify DFM, an invitation to use a
kick chart was included. The informational brochure on
FM for the mothers and new guidelines for health-care
professionals were implemented in November 2005 in all
hospitals included in the Femina trial.

End points

The main outcome measures were all antepartum, intra-
partum and neonatal death in the delivery room (i.e., the
death occurred immediately after completion of delivery)
from 28 completed weeks of gestation in women who
were previously registered as having one or more episodes
of DFM. As there was only one neonatal death, all deaths
are called "stillbirths" in the following. The number of
births and third trimester stillbirths (singleton and multi-
ples) in the Norwegian population from the years 1999~
2004 ranges between 56,374 to 59,927 births, and 2.9/
1000 to 3.9/1000 stillbirths, respectively. However, as an
additional 0.2/1000 to 0.4/1000 of stillbirths during the
same period are registered as of unknown gestational age,
this may be underestimates [31]. Secondary outcomes for
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women with DFM were: severe neonatal depression,
defined as Apgar score of < 3 at 5 minutes postpartum;
symptoms of multisystem organ failure and pH < 7 in the
umbilical artery or fetal capillary scalp, if obtained; pre-
term birth (28° - 366 weeks); FGR (< 10th percentile of
birthweight adjusted for gender and mother's height,
weight, parity, and ethnicity) [32]; fetal heart rate tracings
judged clinically as nonreassuring and leading to inter-
vention in labor; oligohydramnios defined as an amniotic
fluid index of < 5 cm or at < 2.5th percentile; polyhydram-
nios defined as an amniotic fluid index of > 25 cm or at >
97.5th percentile; investigations undertaken for reduced
FM; and examinations of DEM resulting in immediate
admission for induction of labor or caesarean section.
Outcomes related to maternal behavior were: the number
of women waiting more than 24 hours with an absence of
FM or more than 48 hours with a decrease of FM before
contacting health-care professionals.

Statistical analysis

All statistical analysis were performed with SPSS version
15.0. (SPSS Chicago, IL, USA) using cross tabulations,
with 2 tests and logistic regressions to find crude (unad-
justed) and adjusted odds ratios (OR) with 95% confi-
dence intervals (CI). The level of statistical significance
was set at p < 0.05. In the multivariate analysis, all out-
comes were adjusted for potential confounding factors -
such as maternal age, body mass index (BMI), smoking
habits, parity, and ethnicity - due to prior knowledge of
their impact on pregnancy outcomes and health-promot-
ing behavior.

Results
Number of cases included in the baseline and interven-
tion cohorts are described in figure 1.

The number of women presenting with DFM remained
unchanged during intervention at 6.3% versus 6.6% (OR
1.05; 95% CI 0.98-1.12, p = 0.19), respectively. The rate
of unplanned repeat visits for DFM was consistently very
low, but increased from 0.3% to 0.5%, p = 0.002.

The stillbirth rates among women with DFM were reduced
by almost 50% (OR 0.51; 95% CI 0.32-0.81, p = 0.004))
from 4.2% (n = 50) to 2.4% (n = 73) during the interven-
tion. Stillbirth rates among women in the entire cohort
were reduced by one third from 3.0/1000 to 2.0/1000
(OR0.67; 95% CI 0.48-0.93, p = 0.02). Independent data
from the Medical Birth Registry in Norway, confirmed
that the stillbirth rate in our total cohort of births was
comparable to the rest of Norway in the baseline observa-
tion (OR 1.06; 95% CI 0.70-1.65, p = 0.73), and signifi-
cantly lower during the intervention period (OR 0.64;
95% CI 0.47-0.87, p = 0.005). The intervention was fol-
lowed prospectively with statistical process control charts
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which indicated a significant change in mortality after 7
months of intervention (arrow in figure 2), and no month
during the intervention with a mortality exceeding the
pre-intervention mean (figure 2). There was no increase in
secondary outcomes such as preterm births, FGR, severe
neonatal depression or transfers to neonatal care among
women with DFM during the intervention period (table

1).

Among those with DFM, fewer women with a perceived
absence of FM waited more than 24 hours, or a perceived
decrease for more than 48 hours, before contacting

http://www.biomedcentral.com/1471-2393/9/32

health-care professionals during the intervention. There
were no changes over time in the population in potential
confounding factors as maternal age, BMI, smoking hab-
its, parity or ethnicity (table 2).

At consultations for DFM the use of ultrasound increased
while there were no differences in frequency of umbilical
artery Doppler examinations. The complete detection rate
of FGR following consultations for DFM and subsequent
follow up was not captured, only diagnoses set at the ini-
tial consultation. This detection rate rose by 83% from
2.4% to 4.4%, p = 0.020 in term (> 36 weeks) pregnan-

Table I: Outcomes of the quality improvement intervention, N = 4253

Univariate* Multivariate*

Baseline % (n) Intervention % (n) Crude OR 95% CI P Value Adjusted ORT 95% CI P Value
MATERNAL BEHAVIOR IN DFM
Consultation rate of 6.3 (1215) 6.6 (3038) 1.05 0.98-1.12 0.19 Not available
DFM
Time to contact >24 24 (99) 18 (201) 0.70 0.53-0.92 0.0l 0.73 0.53-1.00 0.05
hours in absent fetal
movements
Time to contact > 48 54 (415) 49 (897) 0.83 0.70-0.98 0.03 0.73 0.60-0.90  0.002
hours in DFM
EXAMINATIONS AT CONSULTATION FOR DFM
Used CTG 96 (1155) 98 (2929) 1.67 1.16-2.41  0.006 1.46 0.92-230 0.11
Used ultrasound 86 (1040) 94 (2764) 2.50 2.02-3.12 <0.001 264 2.02-3.45 <0.001
Used Doppler 44 (532) 47 (1415) 1.15 1.00-1.30 0.04 1.12 0.96-1.33  0.20
CONSEQUENCES OF THE EXAMINATION FOR DFM
No follow up 63 (716) 69 (1980) 1.34 1.16-1.55 <0.001 136 1.14-1.61  <0.001
Admissions 14 (158) 11 (300) 0.73 0.59-0.90 0.003 0.71 0.55-0.91  0.006
Admissions for 7.0 (80) 4.9 (141) 0.69 0.52-0.92 0.0l 0.68 0-49-0.96 0.03
induction
Admissions for 1.8 (21) 1.2 (35) 0.66 0.38-1.14 0.14 0.73 0.40-1.59 0.43
emergency section
PREGNANCY OUTCOMES
Non-reassuring heart 11 (130) 14 (398) 1.27 1.03-1.57 0.03 1.23 0.96-1.57 0.11
rate tracings in labor
(DFM)
Severe neonatal 1.7 (19) 1.1 (30) 0.64 0.39-1.03 0.07 0.55 0.29-1.04 0.07
depression (DFM)
Admitted to neonatal 4.4 (52) 4.5 (131) 1.02 0.73-1.41 091 1.02 0.69-1.52 092
care (DFM)
Preterm births 28°- 12 (145) 10 (169) 0.79 0.62-1.00 0.05 0.79 0.60-1.05 0.10
36¢weeks (DFM)
FGR < 10 percent 14 (168) 13.5 (391) 0.93 0.77-1.13 0.48 0.97 0.77-1.23 0.82
(DFM)
Stillbirths (DFM) 4.2 (50) 2.4 (73) 0.58 0.41-0.84 0.004 0.51 0.32-0.81  0.004
Normally formed 3.9 (46) 2.2 (65) 0.57 0.39-0.83 0.004 0.50 0.31-0.81  0.005
stillbirths (DFM)
Stillbirths 3.0/1000 2.0/1000 0.67 0.48-0.93 0.02 Not available
(rate in total
population)
Normally formed 2.8/1000 1.8/1000 0.60 0.42-0.85 0.004 Not available
stillbirths
(rate in total
population)

* Univariate and multivariate logistic regression showing crude (unadjusted) and adjusted odds ratios (OR) with their 95% confidence intervals (Cl).
T OR adjusted for maternal weight, age, parity, smoking habits and ethnicity (considered as potential confounding factors). DFM: cases of decreased

fetal movements.
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Figure 2
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Stillbirth rates in pregnancies presenting decreased fetal movements. Statistical process control chart presenting the
monthly stillbirth rates and means during the baseline quality assessment period and the intervention period. The arrow indi-
cates the time (seventh month of intervention) at which a significant change was documented during the intervention.

cies, and remained unchanged in the preterm (4.5% ver-
sus 4.0%, p = 0.604). The use of additional follow up
consultations and admissions for induction as a conse-
quence of the initial consultation for DFM was reduced
and the number of emergency caesarean sections
remained unchanged (table 1). No difference was seen in
any other pre-specified secondary outcomes (data not
shown).

Discussion

We found that our interventions combining improved
guidelines for management of DFM to health profession-
als and uniform information on fetal activity to expecting
women improved the quality of care and was associated
with a reduction of stillbirth rates in our population.

With a large prospective population-based cohort, a low
"loss to follow-up" rate, a design with low risk of recruit-
ment bias by outcome, ability to correct for anticipated
confounders, large effects on hard outcomes, and confir-
mation of effects from independent data sources, the
assessment of our intervention appear robust. Our quality
assessment was conducted as a multi-intervention bundle

that aimed to improve the in-hospital management of
DFM, including clinical examination, the use of NST and
ultrasound, recommended time-lines for health-care pro-
fessionals, and excluding the use of Doppler. It included
general information about fetal activity, recommenda-
tions for maternal care-seeking, several rules of thumb for
recognizing DFM, and an FM chart as a supportive tool. It
also included awareness among health-care professionals,
since all obstetricians, general practitioners, community
midwives, and others contributing to antenatal care in our
population were informed in writing about the ongoing
intervention. The exact effect size can only be estimated in
randomized trials, which may be challenging and of mod-
erate value unless each individual component of the bun-
dle is tested in a separate trial [1,25]. Implementing only
parts of the bundle as a response to the findings of our ini-
tial quality-assurance data was not an option in our high-
resource setting with a highly educated population. It was
considered unacceptable to inform women about DFM
without securing professional management of DFM
according to the consensus of best practice, and equally
unacceptable to perform quality assurance of manage-
ment of DFM without informing the women to the best of
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Table 2: Descriptive characteristics: women with DFM before and during the intervention

Women with DFM before the intervention*
n=1215n (%)t

Characteristics

Age, y mean (SD) 29.6 (4.9)
BMI, kg/m?

>25 386 (36)
Smoking habits

Smoking 104 (8.8)
Maternal age

>35 196 (16.3)
Primiparity 559 (51)
Parity

Para 0 559 (51)
Para | 372 (34)
Para 2+ 163 (15)
Country of origin
Non-western 221 (20)

Women with DFM during the intervention* P}
n =3038 n (%)t

29.6 (5.1) 0625
1014 (37) 0.474
259 (8.9) 0924
528 (17.6) 0324
1414 (52) 0.490
1414 (52) 0.601
878 (33)

409 (15)

510 (18) 0.198

* Data are reported as n (%) unless otherwise noted.
+ Denominators vary due to missing values

F Chi square tests for the difference between proportions within women with DFM before and during the intervention

our knowledge about their important role in identifying
and reporting DFM.

A much-debated issue is whether women should receive
uniform information about FM, and whether this should
include formal fetal movement counting (FMC) [25]. This
is a method used by the mother to quantify FM, and the
source of quantitative definitions of DFM, also called
"alarm limits". Two main groups of counting methods
exist, using either a "fixed time" or "fixed number"
approach. The "Daily Movement Count" [33] reflects 12
hours of maternal FMC through an entire day (i.e., "fixed
time"). This method was later modified to shorter and
repeated periods of counting [1]. The "Count to ten" or
"Cardiff" method uses the time it takes to perceive ten
movements (i.e., "fixed number") [34]. The latter method
is the most user-friendly, since a shorter time is needed to
perform counting for normal pregnancies. This method
has also been shown to have the highest compliance and
acceptance rates [6,35,36]. While three controlled trials
(one randomized) of FMC counting versus no counting
has suggested benefit in preventing stillbirths [21,37-39],
alarge cluster multicentred cluster-randomized controlled
trial reported by Grant, Valentin, Elbourne & Alexander in
19809 failed to demonstrate the same benefit using a "Kick
Chart" for all pregnancies versus only for risk pregnancies
[40]. This is the most referred-to and influential publica-
tion on maternal counting, and as such is often cited as
evidence against FMC [1,28,41]. However, this trial had
several of limitations [1,6]. Of greatest importance is the
issue of contamination between the groups through the
use of "within-hospital" clusters. The problem of contam-
ination is compounded by the use of Kick Charts for con-
trol-group women on the basis of clinical discretion as a

part of the trial design. While no difference was shown in
the stillbirth rate across the study groups, the overall late-
gestation stillbirth rate fell during the study period from
4/1000 to 2.8/1000 [40].

The lowered overall stillbirth rates seen in the observa-
tional cohorts and during the cluster-randomized trial
might, however, be attributable equally to increased
awareness and vigilance, as to the actual FMC methods
and alarm limits. Indeed, the cluster-randomized trial
used extreme limits (ten movements in 10 hours for two
days or no movements for one full day) and based their
"count to ten" method on the mother's perception
through the day, and not on focused counting while lying
down. Thus, the women needed 162 minutes to count ten
movements versus the average of 20 minutes reported in
focused counting [20,21,42]. Despite the extreme nature
of such limits, they are still widely used [43]. There is no
evidence that formal FMC with their fixed alarm limits are
superior to maternal common sense, no evidence to sup-
port the introduction of such counting in any total popu-
lation, and no rationale to perform trials using the
existing alarm limits of FMC [25]. Better tools to identify
the pregnancy at risk by assessing FM patterns are needed,
and they will have to be individually adjusted to identify
change, not fixed levels, to reflect what pregnant women
are actually reporting. However, the routine of daily FMC
in the third trimester could provide additional vigilance in
the individual pregnancy, and help the expectant mother
to identify significant changes. Our information high-
lighted the importance of the woman's subjective percep-
tion of a significant and sustained reduction in FM as the
primary indicator of DFM, and a cause to seek profes-
sional help. We suggested daily FMC only as a tool to aid
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monitor FM, and guided the woman with "ten FM within
2 hours" as a secondary rule of thumb in situations where
she felt in doubt.

The goal of antepartum fetal surveillance is to exclude
imminent fetal jeopardy, identify risk pregnancies and aid
in the prevention of adverse outcomes [27]. Controlled
trials of management of DFM are lacking [7,12]. While the
behaviour of health-care professionals related to the time
of referral or examination remained unchanged during
the intervention, the use of ultrasound changed. This was
in accordance with the consensus-based guidelines of our
study [12] indicating that NST and ultrasound examina-
tion were the most useful tools for fetal surveillance in
DFM, and consistent with the evidence for antepartum
testing in other risk pregnancies [12,44-46]

A weakness of the assessment of the intervention is that
there are no codes for visits due to consultations for DEM
in the electronic medical files of the Norwegian hospital
system. Thus, no validation of the completeness of regis-
trations of cases of DFM was possible with the anony-
mous of files used. Bias may have been introduced
through the health professionals' inclusion of cases either
by registration fatigue over time or increased enthusiasm
by the general awareness caused by the intervention. This
would, however, not affect the results on stillbirth rates in
the total population, and not the outcomes among cases
with DFM. Only a systematically skewed registration
towards more or less severe cases of DFM would affect
these results, and our design separating inclusion from
outcome registration would counteract such effects. An
additional weakness of the intervention is that we do not
have the overall caesarean section and induction rate in
the total population. However, it is unlikely that there
would be any increase in the total population as the cae-
sarean section rate following consultations for DFM
remained unchanged and the induction rate was reduced.
Clinical quality interventions in a population are based
on the existing imperfections found by prior data collec-
tions of quality indicators, as we have demonstrated in
our community. The results may thus not be directly
transferable to other populations. Yet, reports from a vari-
ety of locations suggest that significant variability in the
management of DFM and of information given to expect-
ing women is a wide-spread quality issue in obstetric care
[2,5,12,29].

There may be concerns that such a quality improvement
intervention would increase interventions and iatrogenic
injuries. This was not observed in our population. There
was no increase in consultations for DFM, and, while no
formal cost analysis was performed, it is likely that the

http://www.biomedcentral.com/1471-2393/9/32

added cost of ultrasound was compensated by reduced
use of admissions for induction and repeated follow up
consultations. Increased confidence in the adequacy of
the management plan could have contributed to this
change in behavior among health-care professionals.

Conclusion

Improved quality of management of DFM and uniform
information to improve the value of the existing "self-
screening" of fetal activity was associated with a reduction
in stillbirth rates in our population. For further improve-
ments, new and individually adjusted definitions of DFM
are needed, as well as randomized controlled trials to
determine the optimal management and information to
pregnant women with DFM. Further research is required
to identify optimal methods for detecting important
reductions in FM if DFM is to be an effective screening
tool for adverse pregnancy outcomes.
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Abstract

data collection.

We have performed a full cross-validation of this clinical Femina data collection against the routinely collected data
of the Medical Birth Registry of Norway to validate the estimates of reduced mortality in the total population. The
original estimate of fewer deaths during the intervention with OR 0.7 remains virtually unchanged for the original

The validation procedures revealed inaccuracies in data from the Medical Birth Registry of Norway for a partial
comparison with mortality outside the study area, and we here correct this comparison. We present new, corrected
and cross-validated data. Despite comparability issues, the most robust and cross-validated estimates confirm

\ similar estimates of reduced mortality during the quality improvement intervention.

Introduction: Comparison with registry data

This article is based on the clinical Femina data collec-
tion - independent of the Medical Birth Registry of Nor-
way (MBRN). However, a partial comparison with the
population outside the cohort was included, using
MBRN data [1].

In accordance with the study protocol of 2005, we
aimed to compare our Femina data with MBRN data for
the full cohort for an independent validation of stillbirth
rates in the total population. The complete data set for
Norway for 2007, needed for this final comparison, was
released by the MBRN on December 13, 2009. Upon
receipt of these complete data we found discrepancies
with the data our project had previously received from
the MBRN and published [1]. The MBRN performed an
inquiry into the two data deliveries, and on February,
17, 2010, the MBRN issued a public report which con-
firmed that the previous data delivery to our project was
inaccurate.

We deeply regret this, and wish to correct the original
article accordingly and provide new and validated data.

* Correspondence: frederik froen@fhi.no

°Norwegian Institute of Public Health, Division of Epidemiology, Oslo,
Norway

Full list of author information is available at the end of the article

( ) BioMed Central

Correction

From the section Data collection, the following sentence
describes the data found to be inaccurate, and should be
discarded: “In addition to the registrations by our study
protocol, the numbers of births and stillbirths from our
population were obtained from the Medical Birth Regis-
try in Norway to assess overall trends in stillbirth, for
the most updated period available: April 2005 to December
2006.”

From the third paragraph of the Results section, the
following sentence is based on the inaccurate data, and
should be discarded: “Independent data from the Medi-
cal Birth Registry in Norway, confirmed that the still-
birth rate in our total cohort of births was comparable
to the rest of Norway in the baseline observation (OR
1.06; 95% CI 0.70-1.65, p = 0.73), and significantly lower
during the intervention period (OR 0.64; 95% CI 0.47-
0.87, p = 0.005).”

Limitations in comparisons of Femina data and
MBRN data

There was a dual capture of deaths in the Femina study.
Primarily, deaths were registered retrospectively by clini-
cal study site coordinators (midwife or obstetrician)
reporting births, deaths and causes of death monthly

© 2010 Tveit et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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from the clinical logs and hospital records. All hospitals
provided monthly reports. In addition, women present-
ing with a complaint of decreased fetal movements were
captured prospectively, prior to the registration of out-
come [1].

Notification of all births to the MBRN is compulsory
in Norway. However, missed or erroneous key variables
leading to missing capture of cases may occur in any
registry.

Femina and MBRN data differ in some aspects. 1)
Femina did not register cases born after > 28 weeks if
death occurred prior to 28 weeks. Time of intrauterine
death is not reported to the MBRN. 2) In Femina the
clinicians reported the best estimate of gestational age
(combining clinical assessment, last menstrual period,
ultrasound screening and autopsies). The MBRN is
based on the LMP and ultrasound alone. 3) Femina
included immediate neonatal deaths in the delivery
room, which would by definition not be captured as a
stillbirth in the MBRN.

In their report of February 17, 2010, the MBRN find
that gestational age alone is insufficient to track third
trimester stillbirths due to missing data on gestation.
For comparisons with the Femina data they therefore
report cases of > 28 weeks of gestation and a birth
weight > 1000 grams, or one of these criterions if the
other is missing (Cat. 28). The MBRN also reports that
the completeness of stillbirth reports increase with
gestation; this is also our experience. With the existing
limitations for comparisons at the limits around 28
weeks and 1000 grams, the MBRN suggest to report
cases of > 32 weeks and 1500 grams (Cat. 32) to mini-
mize bias in comparisons. We agree that this improves
comparability, and probably represent the most robust
data for comparing the point estimates (odds ratios),
despite having less statistical power due to smaller
groups and thus wider confidence intervals.

New data from the MBRN and cross-validation
with Femina data

We found some discrepancies between the MBRN and
Femina in the number of deaths registered. Prior to
intervention, the MBRN registered 47 deaths in Cat. 28,
while Femina registered significantly more cases, alto-
gether 56. During the intervention, both registered 92.
Due to the concerns this raised, the Norwegian Institute
of Public Health (NIPH), owners of both the Femina
and MBRN data, combined Femina and MBRN registra-
tions on day and hospital of birth, birth weight and
gestational age to compare case by case. The probability
of identical details for all four variables in separate cases
is negligible in our setting - e.g. two deaths on the same
day in the same delivery unit only occurred once in our
two-year study, and their gestation and weight differed.
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Cases on which both registries agreed were deemed to
be validated by each other.

In total, there were 33 unique Cat. 28 cases only
found in one of the datasets. The hospitals in question
were requested to re-confirm these cases to the NIPH.
Two duplicates in the Femina material were found by
this procedure: The dual prospective and retrospective
capture of stillbirths in Femina, described above, lead to
two stillbirths being reported twice from different hospi-
tals. The two duplicate reports did not mention that the
stillbirth had occurred in another hospital, and slight
differences in the details reported made them go
unrecognized.

A cross-validated dataset may be the most robust esti-
mate available, compensating for underreporting to both
datasets by including all deaths registered in any of the
two. Validation identified 46 deaths prior to vs. 78 dur-
ing intervention in Cat. 32, and 55 deaths vs. 102 in
Cat. 28.

Overall, for stillbirths > 28 weeks/1000 grams, 10%
were not found in the MBRN, and 7% were not found
in Femina. For the MBRN, this does not exclude the
possibility that they had been reported in some form,
but neither gestation nor birth weight identified them as
deaths in any of these categories.

Analyses of the cross-validated data, Femina data
and MBRN data

Removing the two duplicates from the Femina data pro-
vides an essentially identical estimate of the original sig-
nificant association with lower mortality in the total
population with OR 0.7 (table 1). In the subset Cat. 32
the estimates of OR 0.7 is found to be identical in both
the Femina data, the MBRN data, as well as in the
cross-validated data combining Femina and MBRN, and
the widened confidence interval a natural consequence
of the smaller subset from the total material. In the
cross-validated data the mortality rates are 2.4/1000
prior to vs. 1.7/1000 during intervention.

In the subset Cat. 28 we find support for the expecta-
tions, discussed above, that the clearest differences in
data collection and reporting, are found in the lowest
gestational ages. With Cat. 32 estimates being identical
in all three datasets, the one fifth of deaths occurring
between 28 and 32 weeks account for the discrepancies.
During the intervention, reporting of these early deaths
to Femina remained unchanged (increased by 9%, 7 vs.
18 cases among 19035 vs. 44967 births) while reporting
to the MBRN increased by 80% (4 vs. 17 cases). As a
result, the MBRN finds an estimate of OR 0.8 where
Femina finds OR 0.7 in Cat. 28.

For analyses of mortality rates outside our study area,
only MBRN data is available. In Cat. 32 these indicate
more deaths in the Femina area than in the rest of
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Table 1 Odds ratios (OR) and 95% confidence intervals (Cl) for all comparisons of mortality associated with the
intervention period, both within the Femina cohort (actual study), outside the study area (trends unrelated to study),
and between the study area and the rest of Norway, stratified by the data sources available for the comparison

Comparison Femina area: Intervention  Rest of Norway: Intervention Femina area vs. rest of Femina area vs. rest of
period vs. pre-intervention period vs. pre-intervention  Norway prior to intervention Norway during intervention
period period period period
Group & data source OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Original comparison
Femina data 0.69 0.50 - 0.96 - - - - - -
MBRN data - - - - - - - -
Cross-validated data - - - - - - - -
> 32 weeks or 1500 g
Femina data 0.74 0.50 - 1.08 - - - - - -
MBRN data 0.71 048 - 1.05 1.1 071 -173 1.16 0.71-188 0.74 053-104
Cross-validated data 072 050 -1.03 - - - - - -
> 28 weeks or 1000 g
Femina data 0.72 052 - 1.01 - - - - - -
MBRN data 083 058 - 1.18 1.07 0.72 - 159 1.05 068 - 1.63 0.82 061-1.10
Cross-validated data 0.79 057 -1.09 - - - - - -

Norway prior to intervention with OR 1.2, while this is
reversed during intervention to OR 0.7 (table 1). As
noted above, the intervention in the Femina area was
associated with OR 0.7 while in the rest of Norway
there was an increased number of deaths with OR 1.1 in
this period. In Cat. 28, again, the estimate in the MBRN
is OR 0.8 rather than 0.7.

Conclusion: Support of original estimates, but
more studies needed

The validation of MBRN and Femina data show that
neither had optimal robustness - 10% and 7% of deaths
were not identified, respectively. Thorough validation
using independent data collections was needed to iden-
tify two duplicates. Yet, the reproduction of identical
estimates of OR 0.7 among deaths in Cat. 32 in Femina
data, MBRN data and cross-validated data, lend signifi-
cant support to the validity of the study’s original data
collection and results. The discrepancy produced by
including deaths between 28 and 32 weeks questions
whether there was truly more deaths in this group dur-
ing the intervention (as the MBRN data may suggest),
or whether the rate was unaffected and discrepancy is
due to data collection/comparability issues (as the com-
parison of Femina and MBRN data may suggest). In an
intervention increasing stillbirth awareness among
health professionals, an increased proportion of early
gestation deaths being reported to the MBRN is not sur-
prising. In a prolonged quality improvement project like
ours, “registration fatigue” would not be surprising
either.

In taking all possible comparisons into account, we
find odds ratios of 0.69, 0.71, 0.72, 0.72, 0.74, 0.74, 0.79,
0.82 and 0.83, mostly at borderline significance levels. It
therefore seems prudent to estimate an association
between the intervention and mortality in the range of
OR 0.7 - 0.8. The precise effect of optimal information
to pregnant women about decreased fetal movements,
and the optimal management of complaints for
decreased fetal movements, remains to be identified in
randomized controlled trials.

We have reviewed the commentaries in light of our
findings. The MBRN data were not directly questioned
by Dr. Salvesen, however, he did compare with the
MBRN and found reasons for concern over numbers
that apparently demonstrated the opposite of the actual
results of the study [2]. Dr. Salvesen should be com-
mended for his interest in the study and for acting on
such concerns. The published data indicated that a com-
parison based solely on gestational age in the MBRN
was valid and helpful, which is regrettable.
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Abstract

fetal activity to women during the antenatal period.

Norway.

replicating these findings are required.
\

Background: Delayed maternal reporting of decreased fetal movement (DFM) is associated with adverse
pregnancy outcomes. Inconsistent information on fetal activity to women during the antenatal period may result in
delayed reporting of DFM. We aimed to evaluate an intervention of implementation of uniform information on

Methods: In a prospective before-and-after study, singleton women presenting DFM in the third trimester across
14 hospitals in Norway were registered. Outcome measures were maternal behavior regarding reporting of DFM,
concerns and stillbirth. In addition, cross-sectional studies of all women giving birth were undertaken to assess

maternal concerns about fetal activity, and population-based data were obtained from the Medical Birth Registry

Results: Pre- and post-intervention cohorts included 19 407 and 46 143 births with 1 215 and 3 038 women with
DFM respectively. Among primiparous women with DFM, a reduction in delayed reporting of DFM (=48 hrs) OR
061 (95% Cl 047-0.81) and stillbirths OR 0.36 (95% Cl 0.19-0.69) was shown in the post-intervention period. No
difference was shown in rates of consultations for DFM or maternal concerns. Stillbirth rates and maternal behavior
among women who were of non-Western origin, smokers, overweight or >34 years old were unchanged.

Conclusions: Uniform information on fetal activity provided to pregnant women was associated with a reduction
in the number of primiparous women who delayed reporting of DFM and a reduction of the stillbirth rates for
primiparous women reporting DFM. The information did not appear to increase maternal concerns or rate of
consultation. Due to different imperfections in different clinical settings, further studies in other populations

Background

Women presenting with decreased fetal movement
(DFM) are at increased risk of fetal growth restriction,
stillbirth, preterm birth and emergency caesarean sec-
tion [1-5]. Excessive delay in maternal reporting of DFM
is associated with perinatal deaths [5,6]. There is no

* Correspondence: elisaastad@fhi.no
"Norwegian Institute of Public Health, Division of Epidemiology, Oslo,
Norway

( ) BioMed Central

agreement on any quantitative limit between “normal”
versus “abnormal” fetal activity [7,8], due to normal var-
iation among healthy fetuses [9] and variation in mater-
nal ability to perceive fetal activity [10]. The only
definition of DFM based on focused counting data in a
total population, is the rule of “10 fetal movements
within two hours”, which subsequently has been tested
as a screening tool [7,11]. Fetal movement counting
(FMC) is a method used by the mother to quantify her

© 2010 Saastad et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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baby’s movements. Various methods with different
alarm limits have been published; discussed elsewhere
[7,8]. EMC is not promoted as a universal screening tool
for fetal wellbeing [4], but has been recommended in
high-risk pregnancies [12,13].

The most important clinical screening tool for DFM
for identifying high-risk pregnancies is the women’s own
perception of a decrease [8,14-16]; i.e. her perception of
a change, not the crossing of a given limit. Existing
guidelines for antenatal care in the United Kingdom, the
US and Norway recommend that a distinct reduction of
fetal movement should be reported and lead to further
investigation [17-20]. In our Norwegian setting nearly
100% of all pregnant women attend the public antenatal
care program provided by community midwives and
general practitioners. Pregnant women with a concern
of DFM usually contact maternity wards directly. Four
to fifteen percent of women present to the hospital in
late pregnancy with the primary complaint of reduced
or absent fetal movements [8,21,22].

The current study was a part of the ongoing, interdisci-
plinary collaborative effort related to DFM: Fetal Move-
ment Intervention Assessment (Femina), aiming to
survey clinical management and initiate quality improve-
ment efforts in Australia & New Zealand [23], the US
[24], the United Kingdom [15] and Norway. The infor-
mation pamphlet provided to expectant mothers by Nor-
wegian health authorities, instructs women to contact a
midwife or a physician “if the baby has become very
calm, if they feel less movements - a few or no move-
ments from the fetus” [18,20]. In Norway, significant var-
iation has been shown in maternal recall of information
received about fetal movement [10]. Further, women who
waited >24 hours with reduced or absent movement
before contacting healthcare have been shown to be at
increased risk for adverse outcomes [22]. Maternal recall
of having received information about fetal movement was
associated with more frequent concerns, without improv-
ing pregnancy outcomes [10].

Variation in clinical practice, as reflected in patient
information, may represent increased risk [25]. Quality
assurance efforts aimed at health providers (through
clinical guidelines) and pregnant women (through uni-
form information) were implemented in order to
increase identification of high-risk pregnancies for opti-
mal observation and treatment. This paper reports the
effects of providing uniform information about fetal
activity on maternal awareness, behavior, concerns and
pregnancy outcomes when DFM was perceived by the
mothers. We hypothesised that providing this informa-
tion would reduce the number of women who delayed
reporting DFM to their healthcare provider, in the total
population or by the subgroups defined by maternal age
[5,26], body mass index (BMI) [5,27], smoking habits

Page 2 of 11

[5,28], and maternal country of origin [29]. We also
hypothesised that the intervention was associated with
improved pregnancy outcomes, overall and/or by the
subgroups. The guidelines for health care providers and
effects on clinical management are presented elsewhere
[30].

Methods

The intervention - information on fetal activity and
monitoring

Due to limited high level evidence, the brochure of
information was developed using a consensus-based
approach; by a systematic literature review, and consul-
tation with leading academics in midwifery and obste-
trics across all participating hospitals and a group of
pregnant women. The brochure, which included a fetal
movement chart (a kick chart), was provided at the
ultrasound screening assessment in gestational week 17-
19, which 98% of the women attend. The brochure cov-
ered information on: expected normal fetal activity [31];
differences in perception according to different fetal
movements [31], maternal position [32], the inter- and
intraindividual variation between fetuses [9], maternal
weight [27], and smoking [33]; interpretation of varia-
tion of fetal activity; instructions on how to use the kick
chart; and when to contact health professionals if
experiencing DFM [11].

Women were informed that their subjective assessment
of a decrease in fetal activity was the most important
marker of DFM - taking priority over any formal DFM
alarm limits [8]. They were instructed not to wait until
the next day if they perceived complete absence of fetal
activity or if they felt a significant and sustained decrease.
If in doubt, as a “thumb rule”, they were advised in accor-
dance with the most validated definition for focused
counting [11,34]: that a healthy baby very rarely has less
than 10 movement in the course of two hours when it
usually is active [35]. The brochure was available in Nor-
wegian (Additional file 1), English (Additional file 2),
Urdu (Additional file 3), Somali (Additional file 4), Turk-
ish (Additional file 5) and Arabic (Additional file 6). The
kick chart was suggested as a supportive tool for women
who wished to use it. A modified “count-to-ten” chart
[11,36] was chosen, as this has the highest compliance
and acceptance rates [4,37,38]. Use of a kick chart is
exemplified in additional file 7.

To assist in the clinicians’ implementation of this bro-
chure, written information and newsletters were distrib-
uted to participating hospitals and regular meetings
between clinicians and the study staff were arranged.

Data collection
Fourteen hospitals across both urban and rural districts,
with a total of approximately 33, 000 births annually,
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were included in the before-and-after study. Two differ-
ent data collection methods were used pre- and post-
intervention: 1) Prospective data collection for women
presenting with DFM (DFM population), and 2) Cross-
sectional studies (Cross-sectional population):

1) Prospective data collection for all women with
singleton pregnancies of 228 weeks of gestation pre-
senting at the hospital with a concern of DFM was
undertaken by the caregiver without maternal con-
sent and forwarded as anonymous data to the study
coordinating centre. Data were collected on mater-
nal demographic characteristics, delay in reporting
DEM, clinical management of DFM and pregnancy
outcome. Following baseline data collection over a
seven month period from April to October 2005,
post-intervention data were collected for the 16
month period from November 2005 to March 2007.
2) Cross-sectional studies were performed; pre-inter-
vention (June 2005) and post-intervention (February
2007). Women who birthed at one of the participat-
ing hospitals completed a survey anonymously prior
to hospital discharge. Further description of this data
collection is presented elsewhere [10]. The sample
size for the cross-sectional studies was weighted
according to number of births in the respective hos-
pitals during the study period.

In addition, population-based data were obtained from
the Medical Birth Registry Norway [39] for the purpose
of comparisons of the covariates in the study popula-
tions versus the total population deliveries in the area.
The studies were approved by The Regional Committees
for Medical Research Ethics and The Norwegian Data
Inspectorate.

Outcome measures
Primary outcome measure
The primary outcome measure was maternal behavior
in relation to reporting perceived absence or decreased
fetal movement to the health provider; defined as the
rate of women waiting =25 hours with absent fetal
movement or >48 hours with DFM [6,16,29,40,41].
Secondary outcome measures
o Maternal awareness: maternal self-report of atten-
tion paid to fetal activity.
» Maternal concerns: maternal self-report of the fre-
quency of concerns about DFM; dichotomized into
being concerned “twice or more” versus “once or
never”.
+ Receiving information: maternal self-report of
receiving information about fetal activity.
o DFM consultation: a consultation at the hospital
because of maternal perception of DFM.
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 Pregnancy outcome for women with DFM was still-
birth; and, for the cross-sectional population; small
for gestational (SGA) <10™ centile (customized) [42]
and emergency cesarean section.

+ Counting group: proportion of women reporting
using a kick chart more than once per week.

Effectiveness in distribution of information and mater-
nal internalization of information were assessed by com-
bining cross-sectional data with the stillbirth rate at
hospital levels. As a proxy for effectiveness in distribu-
tion, we compared the hospital specific percentage of
women reporting receipt of the written information from
the cross-sectional surveys with the stillbirth rate in the
DFM population. As a proxy for internalization of the
information, the percentage for women reporting having
used the kick chart twice a week or more was compared
with the stillbirth rate in the DFM population.

Analyses

Statistical analyses were performed in SPSS 14.0.1 (SPSS
Inc., Chicago, IL). Crude and adjusted odds ratios (ORs)
with 95% confidence intervals (CIs) were estimated, and
variables with associations with a p < 0.20 in univariate
analyses were included in the multivariate models [43].
Chi square tests were used for estimating differences
between proportions of categorical variables. A p-value
<0.05 was considered statistically significant. Bonferroni
corrections were performed in the multiple compari-
sons. Subgroup analyses were undertaken according to:
maternal age [5,26], body mass index (BMI) [5,27],
smoking habits [5,28], and maternal country of origin
[29] and according to subgroups of Western and non-
Western origin (due to higher rates of stillbirths among
non-Western women in our community) [29]. Western
mothers were defined as women with origin in Western
Europe, North America and Oceania. For women with
more than one episode of reporting DFM, only the first
episode was included in the analyses.

Results

Overview data collection is presented in Figure 1. Base-
line characteristics of the populations are described in
Table 1. The respondents in the cross-sectional studies
were representative for the pregnant population in their
area during the study period in regard to age, parity and
smoking habits (data from the Medical Birth Registry
Norway, not shown).

Information and maternal awareness of fetal activity

Data from the cross-sectional studies showed that one
in four women did not recall receiving information
about normal expected fetal activity by their health pro-
vider, both pre- and post-intervention. Recall of
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Table 1 Descriptive characteristics: DFM and Cross-sectional populations

DFM* Cross-sectional*
N =4 253 N=1431
Characteristics Pre-intervention Post-intervention Pt Pre-intervention Post-intervention Pt
n=1215 n=3038 n = 692 n =739
n (%)t n (%)t n (%)t n (%)t
Age, y mean (SD) 296 (4.9) 29.7 (5.2) 0625 30.2 (4.9) 30.1 (5.1) 0.849
<20 23 (1.9) 59 (2.0) 9(13) 0(14)
20-24 182 (15.1) 454 (15.1) 70 (10.3) (13 7)
25-29 388 (32.3) 933 (31.1) 231 (34.0) 208 (28.1)
30-34 413 (344) 1031 (343) 237 (34.9) 273 (36.9)
35+ 196 (16.3) 527 (17.5) 133 (19.6) 7 (19.9)
Parity
Para 0 559 (51.1) 1414 (524) 0.490 287 (43.1) 300 (41.4) 0.197
Para 1 372 (34.0) 878 (32.5) 221 (33.2) 283 (39.0)
Para 2+ 163 (14.9) 409 (15.2) 158 (23.7) 2 (19.5)
BMI, kg/m2 24.7 (5.1) 24.5 (5.0 0.547 244 (44) 236 (4.2) <0.001
<20 143 (13.3) 383 (14.2) 4 (11.0) 3 (15.6)
20-24 547 (50.8) 1325 (49.0) 378 (56.2) 2 (56.9)
25-29 244 (22.7) 638 (23.6) 7 (21.8) (189)
30+ 91 (85) 249 (9.2) 4 (11.0) 1(86)
Smoking habits
Smoking 104 (8.8) 259 (8.9) 0.924 50 (7.4) 48 (64) 0483
Country of origin
Non-Western 178 (14.7) 406 (134) 0.271 39 (5.7) 29 (36) 0.064

* Data are reported as n(%) unless otherwise noted.
1 Denominators vary due to missing values

# Chi square tests for the difference between proportions within women with DFM and the cross-sectional population respectively

receiving information was associated with higher aware-
ness of fetal activity, both pre-intervention (OR 2.0, 95%
CI 1.2-3.3) and post-intervention (OR 1.8, 95% CI 1.0-
3.1, p = 0.043). Pre-intervention, recall of receiving infor-
mation was associated with more frequent maternal con-
cern (OR 1.7, 95% CI 1.2-2.4); while this association was
not longer present post-intervention (OR 1.3, 95% CI
0.9-1.9).

Maternal recall of information about limits for nor-
mality was more homogeneous in the intervention per-
iod, e.g. 22% recalled having seen the thumb rule (10
kicks in two hours) at baseline measurement, versus
42% in the intervention period (p = 0.022). Pre-interven-
tion, low maternal awareness to fetal activity was asso-
ciated with an increased risk of having an SGA baby;
[10] this association was not observed in the post-inter-
vention period (OR 1.3, 95% CI 0.6-2.9).

Maternal behavior and pregnancy outcomes

Among women with DFM, the stillbirth rate was lower
in post-intervention period; 4.2% versus 2.4% (Tveit et
al, submitted 2009). The reduction in stillbirth was iso-
lated to primiparous women only. Primiparous women
also reported DFM earlier than all other women
included (Table 2). In the total population, the mean

gestational age at the time of reporting DFM was two
days lower during the post-intervention period; 36° ver-
sus 36 weeks, p = 0.006.

In the post-intervention group, overweight women in
the cross-sectional populations described higher aware-
ness of fetal activity (Table 3). No behavior changes
were observed among overweight women if they per-
ceived DFM (Table 2).

Pre-intervention, smoking mothers in the cross-sec-
tional population recalled less receipt of information
about fetal activity than non-smokers, OR 0.5 (95% CI
0.3-0.9). This association was not present in post-inter-
vention, OR 0.6 (95% CI 0.3-1.2). No changes in mater-
nal behavior were observed among smoking women
perceiving DFEM (Table 2).

Non-Western women in the cross-sectional study
post-intervention, remained the only risk group report-
ing both less receipt of information (adjusted OR 0.4,
95% CI 0.2-0.8) and low awareness of fetal activity
(Table 3). Among the non-Western women who per-
ceived DFM, the intervention showed no changes in
maternal behavior, frequency of concerns or outcomes
(Table 2).

The hospital-specific percentage of women reporting
having received written information (proxy for
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Figure 1 Trial profile. Trial profile of total births, reports of decreased fetal movements and the cross-sectional population pre- and post
intervention. *Counting group: women reporting using a kick chart more than once per week. Yellow boxes: The cross-sectional surveys Blue
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Table 2 DFM population: Effects of intervention on maternal behavior and stillbirth rates, stratified by subgroups

Overall Stratified by subgroups
N =4 253 n (%)
Pre- Post-  Primiparous P- > 35 P-  Overweight P-  Smokers P- Non- P-
intervention intervention n=1973 value years value n=1400 value n =363 value Western value
n=1215 n=3038 (52.0) n= (36.8) (8.9) n =583
n (%) n (%) 724 (13.7)
(17.2)
Consultation Adj OR (95% CI)°
By own 363 (32.1) 656 (30.8) 1.22 0.117 143 0652 110 0524 087 0657 088 0631
initiative (0.95-1.57) (0.99- (0.81-1.50) (047- (0.54-
2.08) 1.62) 1.46)
At the 661 (54.9 1,716 (574) 135 0.007 1.01 0057 124 0.106 082 0493 1.06 0786
delivery unit (1.09-1.67) 0.76- (0.96-1.60) 0.47- (0.68-
1.34) 1.44) 1.67)
During night 317 (27.7) 846 (29.9) 1.39 0.007 131 0258 1410023 178 0055 1.08 0.775
(6 pm-8 am) (1.09-1.77) (0.83- (1.05-1.89) (0.99- (0.65-
207) 321) 1.80)
In weekends 258 (21.2) 607 (20.0) 1.04 0.758 084 0.855 128 0121 051 0037 088 0634
(0.80-1.35) (0.65- (0.94-1.76) (0.27- (0.50-
1.69) 0.96) 1.52)
DFM > 48 hrs 415 (53.6) 897 (48.9) 0.61 <0.001 082 0414 112 0507 147 0274 0.54  0.045
(047-0.81) (0.51- (0.81-1.54) (0.74- (0.29-
132) 291) 0.99)
Absent FM = 99 (23.9) 201 (18.0) 072 0117 1.00  0.99 090 0668 060 0309 064 0274
25 hrs (047-1.09) (043- (0.55-1.47) (0.22- (0.29-
232) 161) 143)
Fetal deaths 50(4.2) 73 (24) 0.36 0.002 092 0902 060 0.151 148 0559 099 0993
(0.19-0.69) (0.35- (0.30-1.20) (0.40- (0.25-
2.44) 5.53) 4.02)

* Univariate logistic regression analyses with 95% Cl, at baseline is the reference category
S Multivariate logistic regression analyses with 95% CI, adjusting for the covariates (parity, maternal age, BMI, smoking habits, maternal origin)
Denominators vary due to missing values. Bold numbers indicate significant values after Bonferroni correction for multiple comparisons

distribution) was negatively associated with mortality
rates - the more information, the lower mortality (§ =
0.974, p = 0.031). This was done to assess the effect of
the distribution of information and maternal internaliza-
tion of it on the number of stillbirths.

Maternal concerns - as reported by women in the cross-
sectional studies

Mothers in the post-intervention period did not report
concerns or have a DFM consultation more frequently
(Table 4). Overweight women were the only subgroup
reporting increased concerns; however, this was not sig-
nificant after Bonferroni correction (Table 4). When con-
cerned, the mothers more often related their concern to
the fetal activity level earlier in the actual pregnancy
(44% vs. 51%, p = 0.011). More often, the concerned
mothers assessed their perception of DFM not being nor-
mal for their baby and that their concern was a true rea-
son for being concerned (28% vs. 33%, p = 0.022). Being
concerned was associated with being examined at hospi-
tal both pre-intervention (OR 4.9, 95% CI 3.0-7.8) and
post-intervention (OR 5.8, 95% CI 3.7-9.2).

Fetal movement counting in the intervention group

In the post-intervention group, 235 (32%) reported using
a kick chart, as opposed to 8 (1%) pre-intervention.
Post-intervention, 64 (9%) of women used a kick chart
more than once per week (counting group); versus 8
(1%) pre-intervention. Primiparous women were more
likely than multiparous women to use a kick chart more
than once per week (OR 2.3, 95% CI 1.3-4.2). No non-
Western mothers used a kick chart.

Maternal experiences with use of a kick chart in the
intervention period are presented in Table 5, illustrat-
ing the benefits of maternal receipt of receiving infor-
mation on how and why to use the kick chart. The use
of a kick chart was not associated with increased
maternal concerns about DFM (32% in the non-count-
ing group vs. 42% in the counting group, p = 0.090).
Use of a kick chart was associated with a reduced risk
of having a DFM consultation, 18% vs. 9% (p = 0.045).
One of ten babies was SGA in both groups. Eleven
(7%) of the non-counting group had an emergency cae-
sarean section, as opposed to one (2%) in the counting
group (p = 0.047).
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Table 3 Cross-sectional population: Low maternal awareness of fetal activity and maternal characteristics (N = 1431)*

Pre-intervention, n = 692

Post-intervention, n = 739

Low maternal awarenesst
n =78 (11.7%)

Low maternal awarenesst
n = 62 (8.9%)

Maternal characteristics Values Crude OR Adj OR Values Crude OR (95% Cl) Adj OR
n (%) (95% Cl) (95% Cl) n (%) (95% ClI)
Primiparous 287 (43.1) 0.57(0.34-0.96) 0.87 (0.58-1.30) 300 (41.4) 0.98 (0.57-1.67) Not included
(reference: multiparous) p = 0032 p = 0494 p = 0930
Age = 35 yrs 133 (19.6) 2.67(1.61-4.45) 1.64(1.06-2.54) 147 (19.9) 1.38 (0.76-2.51) 1.34 (0.74-2.52)
(reference: <35 years old) p < 0.001 p = 0026 p =029 p=0316
BMI >25 kg/m2 221 (32.8) 1.38 (0.84-2.27) 0.77 (0.50-1.18) 158 (27.5) 0.53 (0.27-1.04) 0.43(0.21-0.89)
(reference: BMI < 25 kg/m?) p = 0.208 p = 0226 p = 0063 p = 0024
Smokers 50 (74) 0.67 (0.24-2.00) Not included 48 (6.4) 0.74 (0.22-2.46) Not included
(reference: non-smokers) p = 0.503 p = 0622
Non-Western origin 39 (5.7) 2.54(1.11-5.83) 1.79 (0.83-3.83) 29 (3.6) 3.50(1.34-9.08) 3.34(1.27-8.78)
(reference: Western origin) p = 0023 p =0226 p = 0.006 p = 0015

* Detailed results from the baseline population are presented elsewhere [10].

1 Univariate and multivariate logistic regression analyses with 95% Cl for the associations between the analyzed groups. Denominators vary due to missing

values. Bold numbers indicate significant values.

The hospital-specific percentage of women reporting
having used the kick chart more than once per week or
more (proxy for internalization) was negatively asso-
ciated with mortality (3 = 0.922, p = 0.005). This does
not reflect the effect of kick counting on an individual
level, as there are no data to support this, only the bene-
fit of effective information.

Discussion

In this prospective before-and-after study, primiparous
women were shown to have the greatest behavioral
change in reporting DFM and were the only risk group
with a reduction in stillbirth. This may be associated
with the experience of transition to the motherhood
role of first-time mothers. With no previous

experiences, pregnancy represents a major adjustment
period, strongly influenced by information seeking and
trying to adopt best health practices and changes in life-
style [44].

While the effect of printed educational materials as
guidelines for health care providers is associated with
some improvement in process of care [45], the addition
of additional interventions such as outreach education
and audit and feedback may enhance this effect [46]. In
this study, implementation of standardized information
for women across participating hospitals was achieved
through a multifaceted intervention including clinical
practice recommendations, outreach education and
audit and feedback. Standardized written information
improved maternal self-screening of significance for

Table 4 Cross-sectional population: Effects of intervention on maternal awareness, concern and maternal behavior (N

= 1431)
Overall Stratified by subgroups post-intervention, n = 739
N =1 431 n (%)*
Pre- Post-  Crude OR Adjusted Primiparous > 35 years Overweight Smokers Non-
intervention intervention (95% Cyt OR n = 587 n = 280 n=421 n=97 (6.9 Western
n =692 n=715 (95% CI)° (57.8) (19.7) (30.1) n =67 (47)
n (%)* n (%)*
Adj OR (95% CI)°

Low 78 (11.7) 62 (8.9) 0.72 (0.50- 0.84 (0.57- 1.19 (0.63- 049 (0.24- 044 (0.20- 0.74 (0.15- 1.10 (0.23-
awareness 1.02) 1.24) 2.26) 1.00) 1.00) 3.68) 5.27)
p = 0.060 p = 0356 p = 0.585 p = 0.050 p = 0051 p=0712 p = 0909
Concerned 341 (50.7) 417 (57.9) 1.15 (0.93- 1.20 (0.96- 0.95 (0.68- 1.32 (0.80- 1.54 (1.03- 0.98 (0.42- 3.21 (1.04-
142) 1.50) 1.34) 2.19) 231) 2.34) 9.93)
p=0210 p=0114 p=0783 p=0273 p = 0037 p = 0969 p=0043
DFM 98 (14.2) 122 (164) 1.18 (0.88- 1.32 (0.97- 1.38 (0.88- 1.10 (0.54- 1.06 (0.93- 1.32 (0.46- 042 (0.10-
consultation 1.57) 1.78) 2.17) 2.21) 2.63) 3.80) 1.82)
p=0263 p=0075 p=0163 p=0801 p=0092 p=0613 p=0245

* Denominators vary due to missing values.

t Univariate regression analyses with 95% Cl for the associations between the analyzed groups.
§ Multivariate logistic regression analyses with 95% Cl, adjusting for the covariates (parity, maternal age, BMI, smoking habits, maternal origin).
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Table 5 Cross-sectional population post-intervention: Experiences with use of a kick chart (N = 235)*

Maternal experiences with use  n (%) Recalled receipt of information about P Recalled receipt of information about P
of a kick cart HOW to use the kick chart value WHY use the kick chart value
n =119 (63.3%) n =121 (66.5%)
OR (95% CIt OR (95% CI) t
Kick counting was time- 97 03 (0.1-0.7)  0.003 04 (0.2-09) 0.039
consuming 41.3)
Kick counting stimulated to “get 71 22 (09-54) 0099 17 (07-43)  0.251
to know" the baby (30.2)
Appreciated the visual 74 33(13-84) 0011 19 (0.7-49) 0.189
presentation of the fetal activity (315
Kick counting induced too much 47 1.2 (05-30) 0568 08 (04-19) 0727
focus on fetal activity (20.0)

* Denominators vary due to missing values.

1 Univariate regression analyses with 95% Cl for the associations between the analyzed groups. Reference groups: women who did not recall receipt of

information about how to and why use of a kick chart respectively.

decrease in or absence of fetal movement. This may
have contributed to the decreased stillbirth rate among
primiparous women. The importance of recognizing
DFM for pregnancy outcomes is indisputable [2,4,22],
and identification of risk is one of the main goals for
antenatal care [47]. Women were advised to contact
their health care provider for concerns about DFM
regardless of reaching in any specific fetal movement
rate threshold. The advice on focused counting and the
suggested “alarm limits” [7,11] when women were in
doubt about the presence of DFM in addition to the
advice about their perceptions may have contributed to
a reduction in excessive delay in reporting DFM.

A similar proportion (75%) of women recalled having
received information in the baseline and the interven-
tion. Thus, this provides support to the effectiveness of
the information to improve maternal self-screening of
DFM which was more explicit than the previous infor-
mation [18] and emphasized maternal assessment of
fetal activity according to the activity pattern for her
own child [9]. This was reflected in the mothers’ reason-
ing for concern in the post-intervention. Women in the
post-implementation period reported concerns related
to the activity level earlier in the pregnancy more often
and were more confident that their perception of DFM
was the true reason for being concerned.

Overweight mothers - higher awareness, more concerns,
but not improved pregnancy outcomes

Being overweight increases the risk of not perceiving
DFM (Tveit et al, submitted 2009). However, it is
unknown whether reduced perception of fetal move-
ments among overweight women is due to higher risk
of a true decrease in fetal movement or to a lower abil-
ity to perceive fetal activity [27]. In the post-intervention
period, overweight women described higher awareness
of fetal activity, they more frequently reported concerns
of DFM and presented at the hospital during the night

more frequently. However, no difference was shown in
the excessive delay in reporting of decreased or absent
fetal movement or in the stillbirth rate among these
mothers.

Mothers of non-Western origin - less access to
information

In the non-Western population the intervention was not
associated with changes in maternal behavior or the
stillbirth rates. Non-Western women had three times
increased risk of low awareness of fetal activity when
compared to the Western mothers, and were shown to
have the lowest rates of receiving the information about
expected fetal activity, in spite of available information
brochures in the most common foreign languages in the
area. This may be due to the presentation of the infor-
mation not adequately meeting their needs or to cultural
differences in risk orientation [48]. Communication pro-
blems between non-Western women and health care
providers have been identified as a risk factor for
adverse pregnancy outcomes [29,48]. This confirms the
need for a greater focus on providing culturally appro-
priate information which is written at an appropriate
level to ensure comprehensive uptake particularly for
those women at increased risk [49].

The population non-Western women in our study
were mainly from low-income countries and a wide var-
iation in cultures was represented. Minority or margina-
lized women in a high-income country do not appear to
display a “healthism” approach to their lives [50]; nor-
mative assumptions in antenatal guidelines do not apply.
This may be in part due to a lack of trust in caregivers
among minority women in Western countries [50,51],
the authoritative source often are their husband [51] or
their mother [52], instead of the health care services.
While printed educational materials are widely used to
improve knowledge, awareness and attitudes, especially
in developed countries, other methods for information
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and education may be needed for cultural minority
groups. The impact of life style choices and compliance
to recommendations from health providers may be
higher if role models and authoritative sources, such as
the husband and/or mother, are involved in the antena-
tal care. Further research is needed on appropriate
methods to change health seeking behavior in preg-
nancy, including DFM, for non-Western women in our
setting.

Fetal movement counting associated with well-being and
safety

While the majority of women chose not to use a kick
chart, its use was associated with less maternal concerns,
as well as a reduced risk of being examined in hospital
because of DFM. Satisfaction with the information
about the rationale for fetal monitoring and the techni-
que of recording were associated with more frequent
use of a kick chart and increased the mothers’ assess-
ment that a kick chart was important and useful. Effec-
tive communication specific for each woman’s need and
encouragement by a consistent healthcare professional
have been identified as the key factor for high compli-
ance for use of a kick chart [6,31,53].

Many health professionals do not to recommend a
FMC in their low-risk patients because they fear it will
cause increased maternal concern and anxiety [54], as
well as increased unnecessary consultations and/or inter-
ventions [7,55]. The current study was not a study to
evaluate the use of kick chart per se. Nevertheless, it is
important to notice that use of a kick chart was not asso-
ciated with increased concerns or more frequent consul-
tations in the hospital. It seemed to be “safe” with regard
to maternal well-being and use of health resources. We
have no evidence that FMC with specific alarm limits are
preferable or superior to subjective maternal opinion.
However, previous reports also indicate that the use of a
kick chart does not cause anxiety or other adverse psy-
chological effects [54,56,57]. Further research is needed,
both in low- and high-risk populations [4,12].

Methodological considerations

The true effect of such an intervention may be better
estimated using a randomized trial methodology. How-
ever, in a quality improvement setting like ours, a
before-and-after study design was chosen. There are
potential problems in using RCT to test the effect of
information within the same population due to the
likelihood of contamination. While the before-and-
after study design may overestimate the true effect, the
prospective nature of this study may limit this effect.
Additional methodological considerations are pre-
sented in the article from the other part of the quality
improvement, the clinical management of DFM
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pregnancies [30]. Potential recall bias and the validity
of the cross-sectional questionnaire have been dis-
cussed elsewhere [10].

While these findings are encouraging, caution in its
interpretation is warranted due to limitations of the
design employed in this quality improvement project;
the implemented solutions were based on the local
existing imperfections found by prior data collections
of quality indicators. The results may thus not be
directly transferable to other populations. Yet, reports
from a variety of locations suggest that significant
variability in the information given to expecting
women is a wide-spread quality issue in obstetric care
[15,22,23,58].

Conclusions

Uniform information about fetal activity provided to
pregnant women was associated with a reduction in the
number of primiparous women who delayed reporting
of DFM and reduced stillbirth rates for primiparous
women reporting DFM. The information did not appear
to increase maternal concerns or frequency of consulta-
tions. While these findings are encouraging, caution in
its interpretation is warranted due to limitations of the
design employed in this quality improvement project;
the implemented solutions were based on the local
issues identified by prior quality assurance studies.
Further studies replicating these findings are required. A
clearer definition of DFM is needed.
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