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Abstract

Background: We aimed to examine the inter-reliability and agreement
among midwives when assessing the fetal heart rate (FHR) using the handheld
Doppler. The primary aim was to measure the reliability and agreement of
FHR baseline (baseline) as beats per minute (bpm). The secondary aims were
to measure fluctuations from the baseline, defined as increases and decreases,
and classifications (normal or abnormal) of FHR soundtracks. This is the first
interrater reliability and agreement study on intermittent auscultation (IA) to
our knowledge.

Methods: The participant population consisted of 154 women in labor, from a
mixed-risk population and admitted to hospital for intrapartum care. The rater
population were 16 midwives from various maternity care settings in Norway.
A total of 154 soundtracks were recorded with a handheld Doppler device,
and the 16 raters assessed 1-min soundtracks once, through an online survey
(Nettskjema). They assessed the baseline, FHR increase or decrease, and the FHR
classification. The primary outcome, baseline, was measured with intraclass
correlation coefficient (ICC). The secondary outcomes were measured with
kappa and proportion of agreement.

Results: The interrater reliability for the baseline (bpm) was ICC(A,1) 0.74 (95%
CI 0.69-0.78). On average, an absolute difference of 7.9 bpm (95% CI 7.3-8.5bpm)
was observed between pairs of raters.

Conclusion: Our results demonstrate an acceptable level of reliability and

agreement in assessing the baseline using a handheld Doppler.
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1 | INTRODUCTION

Intrapartum fetal heart rate (FHR) monitoring is a widely
used clinical assessment of fetal well-being during labor
and birth. The aim of the monitoring is to detect fetuses
with signs of compromised oxygen supply and guide
clinical decisions for intrapartum interventions." FHR
monitoring is based on the rationale that changes in the
FHR can indicate compensation for excessive intrapartum
stress due to low oxygen supply.? All fetuses are prone to
changes in the oxygen supply during birth, mostly be-
cause of repetitive compression from uterine contractions.
Most fetuses tolerate contractions well, if they are within
the normal range of frequency, duration, and strength,
through effective compensatory mechanisms.**

There are two main methods for intrapartum FHR
monitoring: continuous monitoring and intermittent aus-
cultation (IA). Continuous monitoring is performed with
cardiotocography (CTG), either external or internal, and
is recommended in high-risk labor and birth. IA monitors
the FHR at regular intervals during labor and is usually
performed with a handheld Doppler device or a Pinard
stethoscope. IA for FHR monitoring is recommended in
low-risk births.">® Many guidelines recommend that IA
should be performed every 15 to 30 min, and for a duration
of at least 1min.”” Using IA for FHR monitoring facil-
itates identification of the baseline FHR (baseline), and
any fluctuations from the baseline, accelerations, and de-
celerations. IA is traditionally not regarded as appropriate
for identifying type of decelerations or variability.'

Intrapartum FHR interpretation is complex and pres-
ents several challenges." One challenge is the subjective
human interpretation factor. Disagreement between raters
interpreting FHR may lead to variations in interventions, as
the interpretation guides clinical management decisions."!
Reliability and agreement studies measure the consistency
of assessments between different raters evaluating the same
patients under similar conditions. The results can provide
insights into the inherent measurement error and deter-
mine the validity of the test.'* To the best of our knowl-
edge, no studies have assessed reliability and agreement of
intrapartum IA monitoring. A recent systematic review of
reliability and agreement of intrapartum fetal monitoring"!
revealed large variations in human assessment of intrapar-
tum CTG but found no studies assessing IA.

The aim of this study was to describe the interrater
reliability and agreement in intrapartum IA monitoring
using a handheld Doppler device. The primary aim was
to measure the reliability and agreement of the baseline.
The secondary aims were to determine the reliability and
agreement of FHR increases and decreases from the base-
line and classifications of the FHR sounds (normal or
abnormal).

2 | METHODS

2.1 | Study and rater populations

We performed a pilot study to determine the sample size
for the reliability study for the baseline, assessed as beats
per minute (bpm). Eight midwives assessed 15 1-min FHR
soundtracks once, from a form made with Nettskjema.13
Nettskjema is a tool for designing and conducting online
surveys and is operated by the University Information
Technology Center (USIT) at the University of Oslo. A
minimum of 154 fetal soundtracks and 16 raters were
needed to achieve a target intraclass correlation coeffi-
cient (ICC) of 0.70 with a desired 95% confidence interval
width of 0.10.* We also gained knowledge of the feasibil-
ity of the forms.

We used a convenient sampling method for the recruit-
ment of raters, with help from research midwives and by
posting information about our study at conferences and
on social media. The inclusion criteria were midwives
with experience using handheld Doppler for intrapartum
IA. We aimed to include a sample of more than 16 raters
to assess the FHR soundtracks, in case any of the raters
withdrew after inclusion or did not complete the rating.

We used a convenient sampling method based on
available and feasibly eligible women for the collection of
FHR soundtracks. At several time points, from June 2019
through February 2023, we collected 215 soundtracks
from 184 different women. We kept one soundtrack from
each woman, excluded 47 of poor technical quality, and
kept in total of 168 applicable soundtracks. Of these, 154
soundtracks were selected for the study. We aimed to in-
clude a sample of approximately 30% abnormal sounds to
mimic the clinical field"” and explore reliability and agree-
ment on both normal and abnormal sounds.

The women were all admitted to Oslo University
Hospital in Norway. The inclusion criteria for the women
were singleton cephalic pregnancies at 37 to 42weeks of
gestation, from low-risk and high-risk women, admitted
either for induction of labor or because of spontaneous
onset of labor. A mixed population was chosen to facilitate
recordings of soundtracks containing both normal and ab-
normal sounds.

To record the FHR soundtracks, we used a handheld
Doppler device (Summit Doppler LifeDop 250 series) at-
tached to a sound analyzer (Norsonic Nor140; Norsonic
AS, Tranby, Norway).'® The Doppler was placed on the
woman's abdomen at a location where the fetal heart was
heard most clearly. The FHR was recorded independent of
the timing of maternal contractions.

The quality of the recordings was monitored by at-
taching headphones to the equipment. The recordings
were started manually by the researcher and stopped
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automatically by the sound analyzer. The audio files were
stored in “.wav” format on an inserted SanDisk SD card
(UHS-I card). In cases where the sound quality was unsat-
isfactory, such as unclear or excessively noisy recordings,
a subsequent attempt was made. In 27 cases, we filmed
the display of the Doppler, so the raters could see it while
assessing the FHR. The displayed FHR is an average value
calculated over a brief period and should help minimize
variations caused by movements and other temporary
factors and should provide a more reliable reading for the
rater."’

2.2 | Rating process

The raters received written information about the aim of
the study and a description of assessing IA during birth.*'®
The sounds were stored anonymously on a computer, re-
coded, and transferred to Nettskjema."* We designed eight
forms (Supporting Information S1) in Nettskjema'® with
17-20 sounds in each form. The forms were distributed to
the raters in random order.

The midwives were asked to assess the baseline as a
single number. As the raters listened to decontextual-
ized prerecorded soundtracks, the accurate detections of
acceleration and deceleration were difficult to evaluate.
As a substitute, they were asked to identify any increase
(equivalent to acceleration) or decrease (equivalent to
deceleration) from the baseline. A sound was defined as
normal if the baseline was between 110 and 150bpm,
and the rhythm was regular with no decrease from the
baseline. A sound was defined as abnormal if the base-
line was above 150 or below 110, the rhythm was irreg-
ular, or with a decrease. A regular rhythm was further
explained as a sound without major irregularities, and
an irregular rhythm was explained as arrhythmic or un-
even.®!® If the fetal sound was classified as abnormal,
additional questions about the reason for the abnormal-
ity and intervention needed to be answered. The rating
process started in February 2023 and ended in May 2023.
The raters independently assessed the soundtracks one
time and were blinded to each other's assessments. As in
clinical practice, the sound quality varied to reflect what
clinicians may encounter and to augment the generaliz-
ability of the findings.

2.3 | Statistical analysis

The primary end point, reliability of the baseline (bpm),
was measured using an intraclass correlation coefficient
(ICC) for agreement based on a two-way analysis of
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variance (ANOVA) model, denoted as ICC(A,1) with a
95% confidence interval (CI) determined by the moment
approximation method." ICC reflects both the degree
of reliability of the measurement procedure and the
agreement between measurements. Reliability refers
to the ability of the Doppler to distinguish the FHR for
women during labor. It shows how strongly repeated
measurements made on the same participants resemble
each other. ICC ranges from 0 to 1, and the higher the
value, the stronger the reliability.?® In this case, ICC also
measured agreement in the sense that it took systematic
differences between raters into account. The agreement
between raters was further summarized by using the
mean absolute distance between pairs of raters with 95%
non-parametric percentile bootstrap confidence interval
and the coverage probability,” giving the percentage of
observations with an absolute difference between them
when they were smaller than a predetermined value.

Secondary end points were FHR characteristics: base-
line increase (yes, no, I don't know), baseline decrease
(yes, no, I don't know), and classification (normal, abnor-
mal, I don't know), which were all categorical measures.
Agreements between the midwives were summarized
using the proportion of agreement. The proportion of
agreement gives the average percentage of items on which
two raters agree. It varies between 0 and 1, and the higher
the values, the stronger the agreement.!’ Reliability was
assessed using Cohen's kappa coefficient. Cohen's kappa
is sensitive to prevalence and is adjusted for chance agree-
ment. Kappa values range from —1 to +1. Negative val-
ues indicate agreement lower than chance, a value of 0
indicates agreement no better than chance, and the higher
values, the stronger the agreement.'' We planned for sub-
group analysis for fetal sounds with and without Doppler
display, midwifery experience, reason for abnormality,
type of abnormality, and type of intervention.

The results are reported following the Guidelines for
Reporting Reliability and Agreement Studies (GRRAS).!!
Statistical analysis was performed in R (version 4.3.1 for
Windows). The total deviation index was calculated using
the Agreement package (version 0.8-1), and the ICC was
calculated using the irr package (version 0.84.1). Missing
values were not replaced.

We did not employ predetermined tables that assign
labels like “poor,” “moderate,” or “good” for the inter-
pretation of reliability and agreement values. We believe
that acceptable agreement and reliability values are de-
termined not solely by statistical criteria but also by clini-
cal ones. Furthermore, the interpretation depends on the
population studied and in which context the measure-
ment will be used, and the predetermined tables do not
take into account the uncertainty (confidence intervals).™
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3 | RESULTS

In total, 24 midwives were recruited. Of these, four mid-
wives withdrew before they started the assessment, and
four withdrew during the study. This left a total of 16
raters independently assessing 154 FHR soundtracks one
time each.

The 16 raters had from one to 40years of midwifery
experience, with an average of 14.4years (SD: 14.2). Six
raters (38%) had more than 10years of experience. The
midwives felt safe (69%) or very safe (31%) when using
IA for fetal monitoring during birth. Most of the mid-
wives replied that they count for 1 min (63%) or look at
the Doppler display and count (56%) when they assess the
FHR with IA in the clinical field (Table 1).

The assessments of the four midwives who withdrew
after the inclusion were excluded from the analysis due to
a considerable extent of missing values. Due to technical

TABLE 1 Characteristics of the 16 raters.

N (%)
Midwife experience
Years of experience >5 5(31)
Years of experience 5-10 5(31)
Years of experience 11-20 0
Years of experience 21-30 3(19)
Years of experience 31-40 3(19)
Type of experience® (more than one answer possible)
Obstetric unit, level 1 15(94)
Obstetric unit, level 2 5(31)
Midwifery unit, level 3 5(31)
Home birth 1(6)
Antenatal maternity care 3(19)
Self-reported feeling of safety with IA
Feeling unsafe 0
Feeling safe 11 (69)
Feeling very safe 5(31)

Methods for IA in the clinical field (more than one answer
possible)

Counting 1 min 10 (63)
Counting in frequencies 2(13)
Counting in frequencies and multiplyb 4(25)
Looking at display and counting 9 (56)
Looking at display and not counting 6 (38)
Situation dependent 6(38)

*Level 1: highly specialized units with advanced obstetric, pediatric, and
anesthetic services. Level 2: birth units within smaller hospitals with
obstetric and anesthetic services. Level 3: midwifery-led units caring for
low-risk births.

°E.g., count for 15s and multiply with 4.

issues in the forms, one rater missed the assessment of
seven soundtracks and two raters missed one soundtrack
each. This led to 145 observations made by 16 raters for all
outcomes.

Interrater reliability for the baseline is summarized in
Table 2 and Figure 1. Overall, the ICC(A,1) was 0.74 (95%
CI 0.69-0.78) (Table 2). When stratified by experience,
midwives with 10 or fewer years of experience presented
an ICC(A,1) of 0.75 (95% CI 0.70-0.80), while midwives
with more than 10years of experience presented an
ICC(A,1) of 0.70 (95% CI 0.64-0.76). With an additional
Doppler display, the ICC(A,1) was 0.91 (95% CI 0.85-0.95),
while it was ICC(A,1) 0.70 (95% CI 0.64-0.76) without the
display.

On average, an absolute difference of 7.9bpm (95% CI
7.3-8.5) was observed between pairs of raters (Figure 2).
The probability that the difference in FHR between two
raters was fewer than 5bpm was 35%, and fewer than
10bpm was 63%.

Overall, an FHR increase was observed in 35% of the
fetal sounds, and an FHR decrease in 14% and 65% of the
fetal sounds were classified as normal (Table 2). The pro-
portion of agreement (Po) for the FHR increase was 0.65
(95% CI1 0.62-0.67) with a kappa of 0.23 (95% CI 0.18-0.27),
and Po for the FHR decrease was 0.89 (95% CI 0.86-0.92)
with a kappa of 0.54 (95% CI 0.43-0.64) (Table 2). The pro-
portion of agreement for classification of the FHR sounds
was 0.71 (95% CI 0.69-0.74) with a kappa of 0.37 (95% CI
0.31-0.43) (Table 2). Display and experience did not seem
to influence the reliability and agreement measures for the
secondary outcomes.

Overall, 91 unique numbers were used to assess the
baseline of the 154 sounds. The midwives assessed the
fetal sounds more often with numbers such as 140 and 130
than with numbers such as 141 and 131. For instance, the
number 140 was used for assessment a total of 365 times,
whereas 141 was used eight times, and 139 was used 18
times.

4 | DISCUSSION

4.1 | Main findings

The interrater reliability for the baseline (bpm) was
ICC(A,1) 0.74 (95% CI 0.69-0.78). On average, an ab-
solute difference of 7.9bpm (95% CI 7.3-8.5bpm) was
observed between pairs of raters. Sixteen midwives
evaluated the baseline of 154 fetal soundtracks one
time each. The midwives had different midwifery ex-
periences, but all were familiar with using the Doppler
device and felt safe or very safe with IA for FHR
monitoring.
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TABLE 2 Reliability and agreement measures of baseline FHR, FHR increases and decreases, and classification of FHR soundtracks.

ICC(A,1)* (95% CI)

N (%)
Baseline
All observers 16 (100)
<=10years exp 10 (62.5)
>10years exp 6(37.5)
Doppler with display 27(17.5)
Doppler without display 127 (82.5)
P(+)’
Increase®
All observers 16 (100) 0.35
<=10years exp 10 (62.5) 0.33
>10years exp 6(37.5) 0.39
Doppler with display 27(17.5) 0.32
Doppler without display 127 (82.5) 0.36
Decrease®
All observers 16 (100) 0.14
<=10years exp 10 (62.5) 0.14
>10years exp 6(37.5) 0.14
Doppler with display 27 (17.5) 0.16
Doppler without display 127 (82.5) 0.13
Classification®f
All observers 16 (100) 0.65
<=10years exp 10 (62.5) 0.68
>10years exp 6(37.5) 0.61
Doppler with display 27(17.5) 0.68
Doppler without display 127 (82.5) 0.65

Po® (95% CI)

0.65 (0.62-0.67)
0.66 (0.63-0.68)
0.63 (0.59-0.66)
0.67 (0.60-0.73)
0.64 (0.62-0.67)

0.89 (0.86-0.92)
0.89 (0.86-0.92)
0.88 (0.85-0.92)
0.84 (0.76-0.91)
0.89 (0.87-0.93)

0.71 (0.69-0.74)
0.75 (0.72-0.79)
0.65 (0.62-0.69)
0.75 (0.69-0.82)
0.70 (0.67-0.74)

0.74 (0.69-0.78)
0.75 (0.70-0.80)
0.70 (0.64-0.76)
0.91 (0.85-0.95)
0.70 (0.64-0.76)

Kappa? (95% CI)

0.23 (0.18-0.27)
0.22 (0.17-0.27)
0.23 (0.16-0.30)
0.24 (0.16-0.32)
0.22 (0.17-0.28)

0.54 (0.43-0.64)
0.54 (0.44-0.65)
0.51 (0.38-0.64)
0.39 (0.18-0.60)
0.58 (0.46-0.69)

0.37 (0.31-0.43)
0.43 (0.35-0.51)
0.28 (0.21-0.36)
0.43 (0.27-0.59)
0.37 (0.29-0.43)

Abbreviation: CI, confidence intervals.

*ICC(A,1), intraclass correlation coefficient for agreement based on a two-way ANOVA model.

®Mean proportion of positive cases over all raters.
“Proportion of agreement.

dCohen's kappa coefficient.

*Grouping category no and I don't know together

{Classified into “normal,” “abnormal,” “I don't know.”

4.2 | Strengths and limitations

This study was systematically and thoroughly planned,
with an analysis plan established before the study. We
performed a pilot on which we based sample size calcula-
tions for the main outcome. The raters were heterogenic
in terms of clinical background and experience, and the
FHR sounds varied in characteristics to reflect real clinical
practice. This allowed for better external validity.

The sample size was based on assessment of the FHR
baseline. The study could have benefited from involving
more midwives and fetal sounds to decrease the width
of the confidence intervals for the secondary outcomes.
However, this was not possible due to time constraints. An

important aspect of the baseline in a clinical context is the
change in the baseline over time,? but this was not eval-
uated in this study. The raters were not provided with a
specific definition of increase or decrease. As a result, this
might influence varying interpretations of these terms.

4.3 | Interpretation

Interrater reliability and agreement studies provide infor-
mation about consistency across subjective assessments
between different raters. High levels of measurement in-
dicate strong consistency between the raters. However,
this does not guarantee the validity of their assessment, as
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even unanimous agreement can be incorrect. Reliability
and agreement studies serve as precursors to establishing
validity, ensuring that the assessment is reliable before
evaluating validity.'>*
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Evaluating the baseline is important when assessing
fetal well-being with IA,' as a normal baseline reflects
the presence of normal oxygenation of the fetal myocar-
dium.>* If the baseline is near the borders for normal fetal
heart rates (110-150bpm), the mean absolute difference
of 7.9bpm (95% CI: 7.3-8.5bpm) between pairs of raters
found in this study is important information for clinicians,
as it then may have implications on clinical care and in-
terventions. While a single assessment slightly above
(150bpm) or below (110) the normal baseline definition
might not lead to major intervention differences, varia-
tions over time could have a more significant impact and
should warrant further assessment of the fetal well-being.
A rise in the baseline can indicate fetal hypoxic stress due
to catecholamine release,>*!° often referred to as gradu-
ally evolving hypoxia. An increase in the baseline of more
than 20 bpm from the start of labor’ or an increase of >10%
from the previously observed baseline** is proposed to be
a sign of gradually evolving hypoxia. The mean absolute
difference between raters in bpm was substantially lower
than 20 bpm or >10%; 7.9 bpm is 5%-7% of total bpm given
a normal FHR (110-150bpm). This may indicate that the
reliability and agreement found in this study are accept-
able in detecting gradually evolving hypoxia. However,
this remains to be verified in future studies, as this study
did not examine changes in the baseline of fetal sounds.

Listening to prerecorded FHR sounds is different
from actual clinical settings. In real life, midwives have
the flexibility to listen longer, become familiar with the
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baseline as they care for the woman during birth, reposi-
tion the Doppler for better clarity, and consider the clin-
ical context. In this study, midwives heard sounds only
once, relied on prerecorded quality, and lacked clinical
context. Clinicians will argue that the well-being of a
fetus can not only be assessed by listening to the FHR
but must include other clinical findings.*** The raters
in our study commented that the absence of a clinical
context in the sound assessment was challenging when
trying to properly evaluate the sounds. This absence,
however, specifically permits to assess the reliability
and agreement of the baseline measurements, which
was our primary goal.

We observed higher reliability for the baseline,
ICC(A,1) 0.91 (95% CI 0.85-0.95), when the sounds were
played with an additional Doppler display for 27 of the
sounds. Sholapurkar®*** proposes that it is more informa-
tive to monitor the reading of the Doppler display than by
just listening to the sound, but to the best of our knowl-
edge, there have been no trials that assessed whether the
display has an impact on neonatal outcomes. The higher
reliability measures for the sounds with displays imply
a higher consistency between the raters, but at the same
time, just over half of the midwives in our study reported
that they look at the display while counting. We did not
have the statistical power to compare the results from the
sounds with display versus those without display, and we
did not find the same change in the measurements for the
secondary outcomes.

In our study, the classification of the fetal sounds was
measured to be Po 0.71 (95% CI 0.69-0.74), and kappa
0.37 (0.31-0.43). When abnormal sounds are identified,
they should trigger further assessment, including more
frequent auscultation and a comprehensive review of
the clinical context.” The kappa value observed is not
considered acceptable from a clinical perspective. It is
important to note that classifying 1-min soundtracks
can be challenging, especially when the context is ab-
sent. Our results identified difficulties when classifying
sounds and are in line with other interrater reliability
and agreement studies among healthcare professionals
classifying intrapartum CTG,'* lung sounds,* and heart
sounds”’ revealing varying levels of agreement and re-
liability. Nonetheless, it is important to consider that
measures across different studies are not directly com-
parable. A systematic review on reliability and agree-
ment classifying intrapartum CTG traces'? identified
kappa values lower than expected by chance to nearly
perfect agreement in 29 articles. A study on lung sound
classification®® involving 28 raters classifying sound
recordings from 20 participants revealed kappa values
ranging from 0.09 to 0.97 within subgroups of four rat-
ers. A study on heart sounds classification,”” where 32
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raters classified sounds from 200 participants, showed
kappa ranges from 0.29 to 0.90.

The midwives often rounded the numbers to the near-
est ten when evaluating the baseline, a phenomenon
known as the approximate number system (ANS).* In
addition, we observed that the midwives used different
assessment methods, which, combined with ANS, might
have contributed to variations between raters. Overall, we
consider that the ICC and the absolute mean difference
are acceptable values and believe that the result indicates
that midwives can reasonably agree when assessing the
baseline with a handheld Doppler. On the other hand, we
recognize that a reliability measure of 0.74 and a 7.9-bpm
difference could result in different clinical management
decisions in certain situations. Assessing the reliability
measures is thus not the same as testing the accuracy or
assessing the outcomes, but it is essential before testing
validity, as low reliability compromises validity.

5 | CONCLUSION

This study represents the first interrater reliability and
agreement study of IA, to the best of our knowledge. Our
results indicate an acceptable level of reliability when
assessing the baseline using a handheld Doppler, an im-
portant feature of fetal well-being evaluation. In further
research, it is worth investigating the impact of factors
such as clinical context, numerical rounding, and the use
of a Doppler display when counting and assessing FHR.
In addition, examining the reliability and agreement con-
cerning baseline trends over time could provide a more
comprehensive understanding of assessing intrapartum
fetal well-being with IA. Overall, our study contributes
valuable insights into the reliability and agreement on IA
for fetal monitoring. Enhancing reliability and agreement
levels in IA may require standardizing the method and
providing training for those who employ it.
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