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OBJECTIVE: To evaluate the accuracy, clinical utility, and

usability of a wireless fetal and maternal heartbeat

monitor to monitor fetal heart rate (FHR).

METHODS: We conducted a prospective, single-center

study of a convenience sample of women aged 18 years

or older with a singleton pregnancy of at least 12 weeks

of gestation. Fetal heart rate recordings were performed

using both the heartbeat monitor and cardiotocography

to evaluate accuracy. Clinicians used the heartbeat

monitor in the clinic. Women used the device, unas-

sisted, during a clinic visit or at home. Obstetricians

assessed the clinical utility of FHR traces. Women rated

the heartbeat monitor using the System Usability Scale.

RESULTS: A total of 81 participants provided 126 record-

ings. The accuracy of the heartbeat monitor was excel-

lent compared with cardiotocography, with limits of

agreement (95%) for mean FHR between 21.6 (CI 22.0

to 1.3) and +1.0 (CI 0.7–1.4) beats per minute (bpm),

mean difference 20.3 bpm, intraclass coefficient 0.99.

The FHR was detected on all occasions. Clinicians took

a median (interquartile range) of 0.5 (0.2–1.2) minutes to

detect the FHR, obtaining a continuous trace of longer

than 1 minute in 95% (39/41) of occasions. Home users

took a median of 0.5 (0.2–2.0) minutes to detect the FHR,

obtaining a continuous trace of longer than 1 minute in

92% (24/26) of occasions, with a median total trace time

of 4.6 (4.4–4.8) minutes. The traces were deemed clini-

cally useful in 100% (55/55) of clinician and 97% (31/32)

of home recordings. The heartbeat monitor ranked in the

96–100th percentile for usability and learnability.

CONCLUSION: The heartbeat monitor was accurate

and easy for clinicians and participants to use. Data

recorded at home were equivalent to those obtained

using current assessment protocols for low-risk preg-

nancies, potentially allowing the device to be used in

telehealth consultations.
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In low-risk pregnancies, the fetal heart rate (FHR) is
often monitored for 1 minute in a process known as

intermittent auscultation.1–3 This is performed using a
handheld Doppler, a DeLee-Hillis stethoscope, or a
Pinard horn, depending on skills and resources.

As a result of the COVID-19 pandemic, many
clinical services have incorporated telehealth consul-
tations into antenatal programs, replacing some face-
to-face consultations. However, whereas home mon-
itoring of maternal parameters such as mindfulness,
mood disorders, nausea, blood pressure, and weight4–7

is relatively straightforward, it is difficult to obtain clin-
ically useful FHR traces at home.

Home FHR monitors are available, but there
have been difficulties with usability, accuracy and
reliability, signal noise, differentiation of fetal from
maternal heart rate, inadequate recording duration,
and cost.8 Handheld Doppler devices, which are used
in clinics, require training to operate, cannot differen-
tiate between FHR and maternal heart rate, and can-
not store or transmit data. Although there have been
attempts to use mobile cardiotocography machines,
these machines are costly and not easily transportable.
For home monitoring to be practical and clinically
useful, FHR monitors need to be as accurate as car-
diotocography machines, provide data that clinicians
can interpret, be self-administered, and allow secure
and reliable data transmission. A home monitor
should record a defined trace for at least 1 minute to
determine whether the average FHR is within the
normal range (110–160 beats per minute [bpm]), eval-
uate variability and detect accelerations.

HeraBEAT is a medical-grade, low-cost, wireless,
self-guided fetal and maternal heartbeat monitor
designed for self-administration from 12 weeks of
gestation. Our study objectives were to evaluate the
accuracy, clinical utility, and operator usability of this
monitor for both clinicians and pregnant women and
assess whether the data generated were equivalent to
those required by intermittent auscultation guidelines.

ROLE OF THE FUNDING SOURCE

HeraMED Pty Ltd supplied the heartbeat monitors
used in the study on loan and supplied media images
of the heartbeat monitor system for inclusion in the
manuscript. HeraMED did not have a role in protocol
design, data acquisition, or analysis. Data remain the
property of the named investigators. The authors had
access to relevant aggregated study data and other
information (such as study protocol-analytic plan and
report-validated data table, and clinical study report)
required to understand and report research findings.
The authors take responsibility for the presentation

and publication of the research findings, have been
fully involved at all stages of publication and pre-
sentation development, and are willing to take public
responsibility for all aspects of the work. All individ-
uals included as authors and contributors who made
substantial intellectual contributions to the research-
data analysis, and publication or presentation devel-
opment are listed appropriately. The role of the
sponsor in the design, execution, analysis, reporting,
and funding is fully disclosed. The authors’ personal
interests, financial or nonfinancial, relating to this
research and its publication have been disclosed.

METHODS

Ethical approval was obtained from the Ramsay
Health Care Human Research Ethics Committee of
Victoria and New South Wales (reference No. 2020-
005).

This was a prospective, single-center, clinical
study. We recruited participants as a convenience
sample in the obstetrics department of a large
metropolitan hospital in Western Australia. Women
aged 18 years or older with a self-reported singleton
pregnancy of at least 12 weeks of gestation were
approached to participate in the study. Women who
could not read English, who had a skin rash or
condition on the abdomen that could be irritated by
the ultrasound gel, or who had a pacemaker or other
implantable electronic devices were excluded.
Women who did not have access to a smartphone
or internet connectivity were unable to participate in
the home-recording sessions. Enrollment was under-
taken by research nurses who explained the study and
obtained written informed consent.

The heartbeat monitor is held on the abdomen by
the user, weighs 130 g, and is 9 cm in diameter (Fig.
1). It employs ultra-wide beam Doppler technology
and integrates a novel optical sensor to directly mon-
itor the maternal heart rate from the abdomen, elim-
inating FHR–maternal heart rate cross talk. The
heartbeat monitor system includes a smartphone-
based interface that guides device placement and dis-
plays the FHR trace and calculated parameters (aver-
age FHR and maternal heart rate using beat-to-beat
calculation, duration of FHR trace, duration of search
time, and longest continuous FHR segment) on a
Bluetooth-connected smartphone. A printable record-
ing of the fetal and maternal heart rates is produced
for onsite or remote review (Fig. 2). Clinicians can use
a manual method to place the device directly on the
appropriate position on the abdomen without voice
guidance. The system is compliant with the HIPAA
(Health Insurance Portability and Accountability Act)
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policies on privacy and transmission capabilities. The
heartbeat monitor system specifications and safety
claims are presented in Appendix 1, available online
at http://links.lww.com/AOG/C240.

We collected data on participants’ age, gestation,
height, weight, body mass index (BMI, calculated as
weight in kilograms divided by height in meters
squared), gravidity, parity, presence of a structural
uterine abnormality, and location of the placenta, as
well as data from the heartbeat monitor.

All participants used the heartbeat monitor in the
self-guided mode, which uses the inbuilt position
guidance system. The device is activated, coated with
ultrasound gel and placed below the umbilicus,
directed by the smartphone interface, to a position-
dependent on pregnancy gestation. The device con-
tinues to self-direct positioning using audio instruc-
tions until two distinct heart rates (FHR and maternal
heart rate) are detected. Clinicians performed record-
ings in the antenatal clinic, where simultaneous
monitoring using the heartbeat monitor and an
Avalon FM20 or Avalon FM30 cardiotocography
machine was undertaken to establish accuracy.

A research nurse showed participants how to use
the heartbeat monitor during a 5-minute training
session and asked them to record data in the clinic
and at home (self-monitoring). Participants were
required to use the monitor unassisted to detect and
record data for longer than 1 minute. They were then
asked to rate the heartbeat monitor for usability and
learnability. Home recordings were done between 1
and 21 days after clinic recordings.

We assessed the accuracy of the heartbeat monitor
compared with cardiotocography by calculating paired
FHR measurements taken at 15-second intervals for
five sequential measures. Differences in FHR (bpm)
between the paired measurements were analyzed for
the mean of each person’s five measurements. The
agreement between the heartbeat monitor and cardio-
tocography was established using Bland Altman plots
and 95% limits of agreement. Reliability was estab-

lished using intraclass correlation coefficients using a
two-way mixed-effects model. The measurement com-
parison was deemed accurate if the 95% limits of agree-
ment were within 8 bpm. This target was selected in
keeping with other accuracy studies9,10 of FHR moni-
tors as a clinically acceptable range in which important
features, such as fetal bradycardias, accelerations, and
decelerations, can be recognized.

From the recordings done by clinicians and from
home recordings, we looked at the following outcome
measures: 1) detection of FHR (different from mater-
nal heart rate), 2) number of continuous recordings
longer than 1 minute, 3) total FHR recording time, 4)
time taken to detect FHR, and 5) average FHR. We
performed subgroup analyses to evaluate the relation-
ship between BMI, gestation, obstetric history, and
placental position on outcome measures for all
participants and for the subgroup of women who
were beyond 28 weeks of gestation (in which cardio-
tocography monitoring is typically performed). The
relationship with clinical features was assessed using
nonparametric tests owing to the skewed distributions
(Kruskal-Wallis and Mann-Whitney U). When partic-
ipants used the heartbeat monitor in the clinic, the
recordings were truncated at 1 minute, and total trace
times were not reported.

To examine clinical utility, obstetricians reviewed
all recordings of longer than 1 minute to determine
whether 1) the FHR was in the normal range, 2) separate
FHRs and maternal heart rates were detected, and 3)
FHR variability or accelerations were detectable during
the duration of trace available. Because all recordings
were shorter than required to establish a traditional base-
line FHR (10 minutes), an average FHR (automatically
calculated by the heartbeat monitor) was used. The
recordings from home were also assessed by obstetri-
cians for quality of data after electronic transmission.

To assess the usability and learnability of the
heartbeat monitor, we used the international medical
standard System Usability Scale.11 The System
Usability Scale is a 10-statement survey that evaluates

Fig. 1. Fetal heart rate monitoring
system with the device and inte-
grated smartphone interface. Image
courtesy of HeraMED Ltd. Used
with permission.

Porter. Assessing a Home Fetal Heart
Rate Monitor. Obstet Gynecol 2021.
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the learnability, reliability, and usability of products.
It has been shown to have high reliability (alpha of
.91) over a wide range of interface types.12 When
evaluating the results, System Usability Scale raw
scores are reported as means and 95% CIs, and con-
verted to a percentile rank (0–100) with a correspond-
ing letter grade (A+ to F), as per the System Usability
Scale scoring system template (Appendix 2, available
online at http://links.lww.com/AOG/C240). Com-
parisons between clinic and home monitoring were
performed using a paired t test. We used the positive
version of the System Usability Scale and included an
additional adjective rating scale, a single Likert scale
question that demonstrates high correlation with over-
all System Usability Scale scores13 (Appendix 3, avail-
able online at http://links.lww.com/AOG/C240).
When reporting the adjectival rating scale, the median
and interquartile range were provided given the
skewed distribution. Participants completed System
Usability Scale questionnaires after using the heart-
beat monitor.

All data were analyzed using Stata 14.1.

RESULTS

Between July and September 2020, we enrolled 81
women into the study with a total of 126 recordings
available for analysis (Fig. 3 and Table 1). No adverse
events were reported. The gestational age of pregnan-
cies ranged from 12 weeks to 40 weeks. The FHR was
detected on 100% of occasions by clinicians and par-
ticipants (81 women, 126 recordings) who used the
device.

We compared the accuracy of the heartbeat
monitor with cardiotocography using simultaneous
heartbeat monitor and cardiotocography recordings
from 41 women. Using only the first recording
provided by each participant produced 41 record-
ings, totaling 214 time-paired data points, across a
FHR range 120–166 bpm. Of the 214 paired mea-

surements, the difference in FHR was 2 bpm or less
in 205 (95.8%) and between 2 and 5 bpm in nine
(4.2%).

When the difference between the means of the
five time points for each device (n541) was com-
pared, the 95% limits of agreement were 1.6 (CI
22.0 to 1.3) and +1.0 (CI 0.7–1.4), with a mean dif-
ference of20.3 bpm (Fig. 4). The intraclass coefficient
was 0.99. There was no association between placental
position, BMI or gestational age and difference in
FHR between devices.

Eleven of the 41 participants were recorded twice,
giving 52 recordings and 260 time-paired data points for
comparison. When all individual time-paired data points
were evaluated, the 95% limits of agreement between
measurement devices were 23 bpm and 2.4 bpm,
with a mean difference of20.3 bpm (Appendix 4, avail-
able online at http://links.lww.com/AOG/C240). The

Fig. 2. Data output from the fetal heart rate (FHR) monitoring system. MHR, maternal heart rate.

Porter. Assessing a Home Fetal Heart Rate Monitor. Obstet Gynecol 2021.

Fig. 3. Participant involvement in the study. *Two partici-
pants were included in both the clinician and participant
recording arms. †All participants who self-recorded at
home were a subset of participants who self-recorded in the
clinic.

Porter. Assessing a Home Fetal Heart Rate Monitor. Obstet Gy-
necol 2021.
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intraclass correlation coefficient was 0.99. Characteristics
of participants with a difference of more than 2 bpm
between heartbeat monitor and cardiotocography at
any given time point are shown in Appendix 5, available
online at http://links.lww.com/AOG/C240.

The median time taken to detect an FHR was
0.5 minutes when the device was used by clinicians
(41 occasions), with all FHRs detected in less than
2 minutes, 0.5 minutes when self-recordings were
done in the clinic (42 occasions), with 98% of FHRs
detected in less than 2 minutes, and 0.5 minutes when
self-recordings were done at home (26 occasions),
with 96% of FHRs detected in less than 2 minutes
(Table 2).

A continuous FHR trace of longer than 1 minute
was recorded on 95% of occasions by clinicians, 88% of
occasions by participants in the clinic, and on 92% of
occasions by participants at home. The median total
duration of the FHR trace obtained was 6.6 minutes for
clinicians and 4.6 minutes for home users.

To assess for clinical utility, obstetricians evalu-
ated 84 heartbeat monitor traces, comprising 52
recordings from clinicians and 32 home users. The
FHR was detected on 100% of occasions, and the
traces were deemed to have clinical utility in 52 of 52
(100%) of clinician-obtained recordings and 31out of
32 (97%) of home recordings. One home-recorded
trace was of insufficient duration to allow for evalu-
ation of variability. Fetal heart rate accelerations were
identified in 73% of clinician recordings and 77% of
home recordings. All home recordings were success-
fully transmitted to the clinical team with no data
corruption.

Participants who used the heartbeat monitor in
the clinic and at home rated the usability and
learnability of the heartbeat monitor using the System
Usability Scale. The mean total usability, reliability,
and learnability scores ranked in the 96th–100th
percentile (Table 3). There were no differences in
System Usability Scale scores between clinic and

Table 1. Demographic and Clinical Features

Clinician-Administered Participant-Administered

Clinic Setting (n541) Clinic Setting (n542) Home Setting (n526)

Age (y) 30.565.3 30.964.2 31.764.5
Gestational age (wk) 37.3 (34.3–39.1) 32.8 (28.4–35.7) 35.1 (31.6–36.6)
Pregnancy BMI (kg/m2)

Lower than 23.5 1 (2) 4 (10) 2 (8)
23.5–29.9 18 (44) 22 (52) 10 (38)
30–34.9 12 (30) 11 (26) 10 (38)
35–44.9 10 (24) 5 (12) 4 (15)
45 or higher 0.0 (0) 0 (0) 0 (0)

Pregnancy BMI (kg/m2)
Less than 35 31 (76) 37 (88) 22 (85)
35 or greater 10 (24) 5 (12) 4 (15)

Gravidity
1 16 (39) 18 (43) 14 (54)
2 11 (27) 14 (33) 7 (27)
3 or more 14 (34) 10 (24) 5 (19)

Parity
0 19 (46) 19 (45) 15 (58)
1 11 (27) 13 (31) 7 (27)
2 or more 11 (27) 10 (24) 4 (15)

Placenta location
Posterior 29 (71) 30 (71) 18 (69)
Anterior 10 (24) 6 (14) 2 (8)
Lateral 2 (5) 4 (10) 4 (15)
Fundal 0 (0) 2 (5) 1 (4)
Low-lying 0 (0) 0 (0) 1 (4)

Gestational age (wk) (trimester)
0–13 1st 0 (0) 2 (5) 0 (0)
14–26 2nd 1 (2) 7 (17) 2 (8)
27 or more 3rd 40 (98) 33 (79) 24 (92)

BMI, body mass index.
Data are mean6SD, median (interquartile range), or n (%).
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home monitoring (P5.90, paired t test). The adjectival
rating scale, scored on a Likert scale of 1–7, gave a
median score of 6 for both in-clinic and home use.

There was no association between pregnancy
variables including BMI, gestation, placental position
or recording site, and the time taken to detect an FHR,
trace duration, or clinical utility of the heartbeat
monitor trace for the whole population and for
pregnancies beyond 28 weeks of gestation (Appendix
6, available online at http://links.lww.com/AOG/
C240). There were no differences when participants
at less than 28 weeks of gestation were excluded from
the analysis. Two participants at 12 weeks of gestation
(two of two) successfully located the FHR and re-
corded continuous traces of longer than 1 minute.

DISCUSSION

The results of this study show that the heartbeat monitor
is accurate and easy to use in the hospital and at home.
The FHR data obtained at home are equivalent to those
required in the clinic using current intermittent auscul-
tation protocols for low-risk pregnancies. The 95% limits
of agreement between mean FHR from the heartbeat
monitor and cardiotocography were well within the
predefined acceptability limit of 8 bpm. Agreement was
maintained across the FHR range (120–166 bpm), and
was not affected by BMI, parity or placental position.
The FHR was detected quickly on all occasions by cli-
nicians and pregnant women. Fetal heart rate traces met
the defined clinical utility criteria in all clinician-
performed recordings and in 97% of participant-
administered recordings. The heartbeat monitor ranked

between the 96–100 percentiles for usability, reliability,
and user satisfaction.

Based on these results, the heartbeat monitor
could facilitate the evolution of antenatal care models
to incorporate telehealth consultations and remote
self-monitoring. For clinicians, the monitor may be
used as an alternative to handheld Doppler devices for
intermittent auscultation in antepartum care.

During the COVID-19 pandemic, the Royal Aus-
tralian and New Zealand College of Obstetrics and
Gynaecology recommended reducing face-to-face visits,
limiting consultations to less than 15 minutes, and using
telehealth consultations.14 For telehealth programs to be
effective, there must be robust surveillance of maternal
and fetal biomarkers.15 The accuracy and usability of the
heartbeat monitor, as well as its ability to store and trans-
mit data, positions it strongly as a device that can be
used in these programs.

Intermittent auscultation is routinely performed to
monitor FHR despite its uncertain predictive value.1–3,16

Regular FHR monitoring is associated with improved
maternal wellbeing, satisfaction, and engagement.18

Detection of an FHR in the healthy range is the first
aim of intermittent auscultation, but recognition of var-
iability is dependent on clinical experience and acceler-
ations are only noted if they occur within the 1-minute
window. This short period of monitoring is not stored
for review. The heartbeat monitor has advantages over
handheld Doppler devices, including cost, ability to dis-
tinguish maternal and fetal heart rates, ease of use for
self-administration, data storage, and transmission
capabilities.

Fig. 4. Bland-Altman plot showing
comparable accuracy between the
fetal heartbeat monitor and the
cardiotocograph. The difference in
mean fetal heart rates over five time
points (n541).

Porter. Assessing a Home Fetal Heart
Rate Monitor. Obstet Gynecol 2021.
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Globally, up to 2 million fetuses die during labor
each year.19 The International Federation of Gynecol-
ogy and Obstetrics recommends intermittent ausculta-
tion during antenatal care and labor when there is no

access to cardiotocography machines.20 In resource-
limited settings, the heartbeat monitor would allow inex-
perienced operators to accurately record, store, and
transmit FHR data. Intermittent auscultation is

Table 2. Fetal Heart Rate Metric Data

Clinician-Administered Participant-Administered

Clinic Setting (n541) Clinic Setting (n542) Home Setting (n526)

Time to first detect an FHR (min) 0.5 (0.2–1.2) 0.5 (0.2–1.0) 0.5 (0.2–2.0)
Average FHR (bpm) 143 (137–150) 142 (136–147) 139 (132.0–143.0)
Average MHR (bpm) 91 (84–97) 87 (78–93) NA*
Continuous FHR trace duration (min) 2.6 (1.5–4.3) NA* 2.9 (2–4.1)
Total FHR trace duration (min) 6.6 (5.4–8.0) NA* 4.6 (4.4–4.8)
Tracings less than 1 min

Yes 39 (95) 37 (88) 24 (92)
No 2 (5) 5 (12) 2 (8)

Time to first detection of FHR (s)
Less than 15 9 (22) 3 (7) 4 (15)
15–less than 30 8 (20) 12 (29) 5 (19)
30–less than 45 7 (17) 14 (33) 6 (23)
45–less than 60 5 (12) 2 (5) 3 (12)
60–less than 120 11 (27) 8 (19) 2 (8)
120–less than 240 1 (2) 2 (5) 5 (19)
240 or more 0 (0) 1 (2) 1 (4)

FHR detected
Yes 41 (100) 42 (100) 26 (100)
No 0 0 0

MHR detected
Yes 41 (100) 42 (100) NA†

No 0 0 NA†

Difference between FHR and MHR
Yes 41 (100) 42 (100) NA†

No 0 0 NA†

Presence of variability
Yes 41 (100) NA* 26 (100)
No 0 NA* 0

FHR acceleration
Yes 30 (73) NA* 20 (77)
No 11 (27) NA* 6 (23)

Data are median (interquartile range) or n (%).
FHR, fetal heart rate; bpm, beats per minute; MHR; maternal heart rate; NA, not assessed.
* When participants used the heartbeat monitor in the clinic, the recordings were truncated at 1-minute total trace times; variability and

FHR accelerations were not reported.
† The participants using the heartbeat monitor in the home setting used the device in the “consumer” mode, which detects but does not

report the maternal heart rate.

Table 3. System Usability Scale Results for Clinic and Home Use

Grading Metric

Clinic Use (n542) Home Use (n526)

Total Score Usability Learnability Total Score Usability Learnability

Raw SUS score 89 (85–92) 88.5 (85–92) 89.9 (85–95) 88.1 (82–94) 86.9 (81–94) 90.9 (85–97)
Percentile ranking 96–100 96–100 96–100 96–100 96–100 96–100
Graded score (A+ to F) A+ A+ A+ A+ A+ A+
Adjectival rating scale (0–7) 6 (6–7) [5–7] 6 (6–7) [4–7]

SUS, System Usability Scale.
Raw SUS scores are mean (95% CI) and adjectival rating scale are median (interquartile range) unless otherwise specified.
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recommended for intrapartum monitoring in low-risk
pregnancies, including home births.21 Further research
is required to determine whether the heartbeat monitor
remains accurate during contractions.

Our study has several limitations. Based on require-
ments for intermittent auscultation in antenatal settings,
we focused on recording FHR for at least 1 minute. Our
study times exceeded this but are not equivalent to
nonstress test examinations. A 10- to 20-minute cardi-
otocography recording is recommended to assess base-
line FHR, variations, accelerations, and decelerations in
high-risk pregnancies and labor.21 Our traces were too
short to exclude decelerations and were not collected
during contractions. We used an automatically gener-
ated average FHR based on beat-to-beat measurements
and assessed variability and accelerations from that base-
line. Despite the short duration, accelerations were evi-
dent in 77% of home recordings.

A strength of the study was the ability to compare
accuracy with gold-standard cardiotocography data.
Additionally, we enrolled a diverse study population
in terms of gestation (12–40 weeks), BMI, placental
positions, and obstetric history. There were no
adverse effects from higher BMIs or anterior pla-
centas, conditions that could theoretically interfere
with ultrasound detection of FHR. We selected a
robust learnability and usability rating system which
is widely used to evaluate medical devices.

We have shown that women can use the heartbeat
monitor at home to perform accurate detection of
FHR. Replicating the findings in more patients would
be valuable. The device addresses a critical hurdle for
telehealth consultations and may offer confidence in
the transition towards this new model of service.
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