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Importance: The introduction of the cardiotocogram (CTG) during labor has not been found to improve neonatal
outcome. The search for a more reliable, less invasive, and patient-friendly technique is ongoing. The noninvasive
fetal electrocardiogram (NI-fECG) has been proposed as one such alternative.

Objectives: The aim of this study was to review the literature on the performance of NI-fECG for fetal monitoring
during labor. Following the PRISMA guidelines, a systematic search in MEDLINE, EMBASE, and Cochrane Library
was performed. Studies involving original research investigating the performance of NI-fECG during labor were
included. Animal studies and articles in languages other than English, Dutch, or German were excluded. The
QUADAS-2 checklist was used for quality assessment. A descriptive analysis of the results is provided.

Results: Eight articles were included. Pooled analysis of the results of the separate studies was not possible
due to heterogeneity. All studies demonstrate that it is possible to apply NI-fECG during labor. Compared with
Doppler ultrasound, NI-fECG performs equal or better in most studies.

Conclusions and Relevance: NI-fECG for fetal monitoring is a promising noninvasive and patient-friendly
technique that provides accurate information. Future studies should focus on signal quality throughout labor,
with the aim to further optimize technical development of NI-fECG.

Target Audience: Obstetricians and gynecologists, family physicians.
Learning objectives: After completing this activity, the learner should be better able to interpret the perfor-

mance of both noninvasive fetal electrocardiography and Doppler ultrasound for fetal heart rate monitoring dur-
ing labor; assess the advantages and disadvantages of monitoring fetal heart rate with the current noninvasive
fetal electrocardiogram during labor; and summarize the definitions of the different performance measures.
The cardiotocogram (CTG) for fetal heart rate (FHR)
and contraction monitoring during labor was introduced
in the early 1970s to identify fetuses with hypoxia and to
reduce neonatal morbidity andmortality.1 Unfortunately,
neonatal outcome has not improved after the introduc-
tion of the CTG.1
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The 2 most commonly used techniques to acquire
FHR for CTG monitoring is via a noninvasive method
using Doppler ultrasound (DU) or with a more invasive
method, the fetal scalp electrode (FSE). Doppler ultra-
sound uses a transducer placed on the maternal abdomen
and held in place with an elastic band. An advantage of
the DU is that it is a noninvasivemethod that can be used
before membranes have been ruptured. Unfortunately,
DU is sensitive to signal loss with reported percentages
ranging from 5.2% up to 40%.2–4 This signal loss can
partially be due to maternal and fetal movements, a high
BMI of the mother, and irregularities of the FHR, that
is, decelerations, extrasystolic beats, and other cardiac
y.com | 369
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arrythmias.3–6 Furthermore, this method and the means of
attaching the DU device to the maternal abdomen can be
experienced as uncomfortable.7 Invasive monitoring via
FSE is a more reliable method and is considered the crite-
rion standard for FHR monitoring. However, this method
carries an increased risk for complications, such as trauma
and infection, and can only be applied aftermembranes have
been ruptured and with sufficient dilation.8,9

Overall, the specificity of CTG monitoring is poor.1

Multiple techniques have been added to increase the de-
tection rate of fetal hypoxia, that is, fetal blood sampling
and ST waveform analysis (STAN). However, previous
studies have demonstrated that these methods do not sig-
nificantly decrease neonatal morbidity and mortality.10–16

The search for other monitoring techniques that can
gather accurate information in a safe and patient-friendly
way is still ongoing. Noninvasive fetal electrocardiogra-
phy (NI-fECG) may be an alternative to conventional
monitoring techniques. The NI-fECG retrieves elect-
rophysiologic signals of fetal and maternal heart rate
(MHR), as well as the electrohysterogram via electrodes
placed on the maternal abdomen. These techniques pro-
vide more information than FHR alone as it also provides
beat-to-beat information that can be used to assess FHR
variability. Furthermore, the NI-fECG provides a com-
plete fetal ECGwaveform that could be assessed for mor-
phologic changes possibly indicating fetal hypoxia. In
contrast to STAN, the NI-fECG provides a multilead fetal
ECG and therefore may overcome the current shortcom-
ings in STwaveform analysis.17–19

NI-fECG is not a new technique, as first recordings
were made in the early 1900s.20 However, difficulties
in acquiring and processing the electrophysiologic sig-
nals limited the development of this technique. Recently,
NI-fECG has gained renewed interest due to technical
improvements. Over the last years, more research has
been performed on NI-fECG as an alternative for
intrapartum fetal monitoring.
This article aims to provide a review of the existing

literature on the performance of NI-fECG as a method
for fetal monitoring during labor.
MATERIALS AND METHODS

This reviewwas registered in Prospero (#CRD42019124807).
A systematic search in the electronic databasesMEDLINE
(1966–present), EMBASE (1974–present), and Cochrane
library was performed until the April 24, 2019. The search
was conducted following the PRISMA guidelines by 2 in-
dependent researchers (L.N. and C.L.) and one trained
medical librarian (B.d.V.) from the Máxima Medical
Center, Veldhoven, the Netherlands. The following
search terms were used: fetus, electrocardiography,
Copyright © 2020 Wolters Kluwer 
cardiotocography, fetal monitoring, noninvasive, labor,
intrapartum (full electronic search is available in Ap-
pendix 1). The main outcome measures of interest were
accuracy and reliability of theNI-fECGduring labor com-
pared with DU and/or FSE.
We only included original research. If there was any

overlap between studies, we used the original article.
Animal studies and articles in languages other than
English, Dutch, or German were excluded.
Articles were initially screened by title and abstract by

2 independent reviewers (L.N. and C.L.). When found
appropriate, the full text was evaluated. Furthermore,
references of the selected articles were checked for eligi-
ble articles. Disagreements were resolved by discussion.
The QUADAS-2 checklist was used as reference for

quality assessment of the included studies.21

RESULTS

A total of 8 of 658 articles were included in this review
after removal of duplicates, title, and abstract screening,
reading the full-text articles, and screening reference lists
of the included articles. Seven articles describe a prospec-
tive study and one article a retrospective study. Figure 1
summarizes the screening and article selection process.
Pooled analysis of the results of the separate studies was

not possible due to heterogeneity. Table 1 shows a summary
of the quality assessment of the included articles. A sum-
mary of the 8 included articles is enclosed in Appendix 2.

Accuracy

Accuracy is defined as the difference in FHR output
from the investigational product (NI-fECG or DU) co-
mpared with the reference method (FSE) expressed in
root mean square error (bpm). This definition of
accuracy was reported in 3 included studies, using the
FSE as the criterion standard. Euliano et al andCohen et al
reported an overall accuracy of about 5 bpm for NI-fECG.
For DU, overall accuracy was reported as 10.9 ± 5.8 bpm
by Cohen et al and 14.3 ± 8.2 bpm by Euliano et al.22,23

No difference in accuracy of NI-fECG between labor
stages was found by Euliano et al, whereas Cohen et al
found a slight decrease in accuracy to 7.9 ± 4.2 bpm for
the second stage of labor.22,23

Ashwal et al24 reported a higher accuracy of
1.47 ± 0.82 bpm for NI-fECG and 5.39 ± 3.82 bpm
for DU, using noncontinuous segments for analysis. Al-
though they used segments from each stage of labor,
they only report one accuracy value. Reported accuracy
values were higher for NI-fECG compared with DU
(see Appendix 2).22–24

Reinhard et al chose the correlation coefficient to ex-
press accuracy for NI-fECG with DU as reference.
Health, Inc. All rights reserved.



FIG. 1. Flowchart article screening and selection process.
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They found a Spearman rank correlation coefficient of
0.94 (range, −0.11 to 0.99) for the first stage of labor
and 0.85 (range, −0.73 to 0.99) for the second stage of
labor, suggesting a good statistical agreement between
both methods.25

Frank et al describe 5 cases of laboring women mon-
itored by NI-fECG and FSE. Their definition of accu-
racy is the absolute difference in the R-R interval.
Copyright © 2020 Wolters Kluwer 
They reported that 92.6% of the total time of each
NI-fECG measurement lay within 1 bpm difference of
the FSE measurement.26
Reliability

Reliability is defined as the percentage of time that
the investigational product (NI-fECG or DU) generates
Health, Inc. All rights reserved.



TABLE 1
Quality Assessment of the 8 Included Articles According to Quadas-221

Study

Risk of Bias Applicability Concerns

Patient Selection Index Test Reference Standard Flow and Timing Patient Selection Index Test Reference Standard

Breuker et al, 1976 ? + + + + − +
Frank et al, 1992 − + + + + − +
Stampalija et al, 2012 + + − − + − −
Reinhard et al, 2012 + + − + + − +
Cohen et al, 2012 − + + − + + +
Reinhard et al, 2013 + + − + + − +
Ashwal et al, 2017 + + + + + + +
Euliano et al, 2017 ? + + ? + + +
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an FHR output within 10% of the FHR output of the
product used as reference (FSE), expressed as positive
percent agreement (PPA). Both Cohen et al and Euliano
et al compared NI-fECG with FSE. They found similar
results for overall PPA for NI-fECG (81.7% ± 20.5% in
Cohen et al and 83.4% ± 15.4% in Euliano et al).
For DU, Cohen et al reported an overall PPA of
73.0% ± 24.6% and Euliano et al an overall PPA of
62.4% ± 26.5%, both significantly lower than NI-fECG.
When the first stage of labor was considered sepa-

rately, Cohen et al found a PPA of 84.9% ± 21.5% for
NI-fECG and 74.7% ± 28.2% for DU (<0.001). Euliano
et al found a PPA in the first stage of labor of
86.3% ± 14.7% for NI-fECG and 61.3% ± 29.6% for
DU (<0.0001). Both Cohen et al and Euliano et al
describe a drop in reliability percentages for
NI-fECG and DU during the second stage of labor
(71.9% ± 20.4% and 77.5% ± 15.1% for NI-fECG
in Cohen et al and Euliano et al, respectively, and
61.7% ± 24.8% and 64.8% ± 18.5% for DU). Over-
all, the reliability of NI-fECG is significantly higher
than DU.22,23 Ashwal et al24 also used FSE as crite-
rion standard, but found a much higher PPA of
99% ± 1.72% for NI-fECG and 96.6% ± 4.6% for
DU. They showed a decrease of 0.5% for NI-fECG
and 1.7% for DU during the second stage of labor.
Success Rate

Success rate is defined as the percentage of time that
NI-fECG or DU provides any output. Stampalija et al
reported an overall success rate of 88.5% ± 16.7% for
NI-fECG and 89.4% ± 7.6% for DU (P = 0.77).27

Cohen et al22 found an overall success rate of
83.4% ± 20.1% for NI-fECG and 82.5% ± 21.1%
(P = 0.38) for DU. Stampalija et al found a success
rate of 89.8% ± 16.1% in the first stage of labor for
NI-fECG and 89.9% ± 7.9% for DU (P = 0.98). In
the second stage of labor, a success rate of
66.5% ± 21.3% for NI-fECG and 83.7% ± 7.4% for
Copyright © 2020 Wolters Kluwer 
DU (P = 0.001) was found.27 Cohen et al reported a
success rate of 86.4% ± 20.1% for NI-fECG in the
first stage of labor and 82.6% ± 24.4% for DU. In
the second stage of labor, this was 75.2% ± 19.2%
and 77.8% ± 21.1% (P = 0.25), respectively.22

Reinhard et al also reported on the success rate of
NI-fECG and DU. In the first stage of labor, they found
a success rate of 97.7% (7.8–100) for NI-fECG and
85.5% (35.1–99.8) for DU. In the second stage of la-
bor, this rate dropped to 85.5% (13.4–100) for NI-fECG,
but rose to 92.3% (22.5–99.8) for DU.25 In 2013,
Reinhard et al published another report with results on
reliability using the aforementioned definition for
success rate. The reliability reported in this article for
NI-fECG was 87.1% ± 19.10% for first stage and
70.5% ± 27.90% for second stage of labor.28

Signal Loss

Breuker et al reported on quality defined as signal
loss; the percentage of time the NI-fECG did not pro-
vide an output. The quality of the NI-fECG was
assessed by placing recordings in different categories:
excellent (<5% signal loss), good (>5% to <10% signal
loss), satisfactory (>10% to <20% signal loss), suffi-
cient (>20% to <35% signal loss), deficient (>35% to
<50% signal loss), and not interpretable (>50% signal
loss). Overall, 17.3% of the cases were classified as ex-
cellent, 23.1% as good, 26.6% as satisfactory, 17.9% as
sufficient, and 15.0% as deficient. In the first stage of
labor, no cases had more than 50% signal loss, whereas
in second stage of labor, this was 30%.29

Confusion Rate

Stampalija et al, Reinhard et al, and Cohen et al re-
ported on the percentage of time the investigational
product confusedMHR for FHR.22,27,28 Stampalija et al
and Cohen et al used the term confusion rate (CR) in
their article, whereas Reinhard et al used the term
MHR/FHR ambiguity. Stampalija et al and Reinhard
Health, Inc. All rights reserved.
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et al used the NI-fECG as the reference method for
MHR. Cohen et al used pulse oximetry as the reference
method for MHR.22,27,28

Cohen et al defined CR as the percentage of FHR de-
terminations for which each external device (DU and
NI-fECG) calculated an FHR value that was both more
than 5% different from that of the FSE and within 5% of
the MHR.22 Stampalija et al defined CR as an FHR
within 5 bpm ofMHR.27 Reinhard et al28 used the same
definition but called it MHR/FHR ambiguity.
All 3 studies found a lower CR for the NI-fECG com-

pared with DU. Stampalija et al found a CR in the first
stage of labor for DU and NI-fECG of 3.9% ± 4.6%
and 1.0% ± 1.9%, respectively. For the second stage, this
was 11.3% ± 8.2% and 4.6% ± 5.0%, respectively.27

Cohen et al found a CR of 9.5% ± 17.8% in the first stage
of labor for DU and 11.0% ± 15.4% in second stage of la-
bor, whereas this was 0.3% ± 0.6% and 0.7% ± 0.8% for
the NI-fECG, respectively.22 Reinhard et al showed
an ambiguity of DU in the first stage of labor of
1.22% ± 1.9% and for NI-fECG of 0.70% ± 1.2%. For
the second stage, of labor ambiguity was 6.20% ± 9.0%
for DU and 3.30% ± 4.4% for NI-fECG.28

DISCUSSION

The most common method of monitoring fetal well-
being during labor is by monitoring the FHR in relation
to uterine contractions. Unfortunately, FSE, considered
the criterion standard for FHR monitoring, is invasive
and carries risks for infection and trauma. Furthermore,
FSE can be applied only when sufficient dilation of the
cervix is achieved and membranes have ruptured.
Doppler ultrasound is a noninvasive method, but shows
high percentages of signal loss, especially in obese
women, and it is often is experienced as uncomfortable
by the patient.7 NI-fECG is a relatively new method
based on electrophysiologic monitoring performed
noninvasively using electrodes on the abdomen of
the mother. Recent developments in signal process-
ing techniques and improvements of algorithms
make it possible to simultaneously monitor FHR,
MHR, and uterine contractions with one device in
a noninvasive manner. Intrapartum monitoring by
NI-fECG may therefore be an alternative for moni-
toring by FSE and DU. This review evaluates the
performance of the NI-fECG technique during the
last decade.

Performance Measures of the NI-fECG

The earliest studies describing the use of NI-fECG
during labor date back to the 20th century and therefore
describe the performance of NI-fECG devices that are
Copyright © 2020 Wolters Kluwer 
outdated.26,29 However, such studies substantiate the
potential added value of NI-fECG during labor, even
when development of the technique was in a premature
stage. Breuker et al found that only 15% of the recordings
were of deficient quality, and in the 5 cases described by
Frank et al, 92.6% of the FHR output of the NI-fECG
was within 1 bpm of the FHR measured by FSE.26,29

Accuracy

All studies found a higher accuracy for the NI-fECG
technique compared with DU, when using FSE as
reference.22–24 Both Cohen et al and Euliano et al re-
port an accuracy of about 5 bpm, which is noticeably
higher than their reported values for DU. However,
there is a risk of selection bias in these studies because
they only include women who received FSE for fetal
monitoring due to insufficient quality of DU. There-
fore, results of the performance measures of the DU
may be negatively influenced. The insufficient quality
of the registration by DU may be partially explained
by the high median BMI of both study populations, be-
cause it is known that DU performance worsens with
increasing maternal BMI.6,30

Ashwal et al found a high accuracy for NI-fECG.
Their reported accuracy for DU is also high compared
with the literature. Because they used random segments
from the total recording, it is likely not to be representa-
tive for the total measurement.24

Reinhard et al used the correlation coefficient as an
outcome measure to reflect the accuracy of their device,
using the DU method as reference. They report a good
statistical agreement betweenNI-fECGandDU (Spearman
rank correlation coefficient of 0.94 for the first stage of
labor and 0.85 for the second stage of labor).25 A corre-
lation coefficient close to 1 means that there is a high
level of agreement between the output of both devices.
However, this is an inappropriate method for measuring
accuracy, as the correlation coefficient only measures
the strength of the linear association between variables.31

In addition, because Reinhard et al used the DUmethod,
which has poor performance measures compared with
FSE, as reference method, this high level of agreement
has no clinical importance.

Reliability

A high reliability is an important property for a med-
ical device to be of value in clinical practice. Cohen et al
and Euliano et al found similar results for overall reli-
ability (81.7 and 83.4, respectively) for NI-fECG mon-
itoring. Overall reliability for DU reported by Cohen
et al and Euliano et al is lower than NI-fECG (73.0
and 62.4). Reliability percentages decrease during the
Health, Inc. All rights reserved.
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second stage of labor in both studies, for the NI-fECG
as well as the DU technique.22,23 This decrease in per-
formance is a known disadvantage of the DU method,
probably due to maternal movement and increased
intra-abdominal pressure during the active pushing
phase. Both Euliano et al and Cohen et al found higher
reliability percentages for NI-fECG compared with the
DU technique, also during the second stage of la-
bor.22,23 Reliability values reported by Ashwal et al
are nearly 100%, for both the NI-fECG and the DU
method. As previously described, in this study, random
segments from the total measurement were used to
analyze reliability.24 The fact that their reported reli-
ability value for the DU technique is 96.6% whereas
other literature shows much lower reliability percent-
ages for DU further supports our explanation that
these random segments are not representative for the
entire measurement.22,23
Success Rate

Only 3 articles reported on the success rate.22,25,27

Because success rate is defined as the percentage of
time the device provides output, it resembles the per-
centage of signal loss, without providing information
on the quality of the registered information. A similar
overall success rate for the NI-fECG and DU technique
was reported by Cohen et al and Stampalija et al.22,27

In all 3 articles, a decrease in success rate of NI-fECG
was noticed as labor progressed. This is also a known
pitfall of the DU technique.2 Cohen et al found similar
success rates between NI-fECG and DU (83.4% and
82.5%, respectively).22 Stampalija et al found a signifi-
cantly higher success rate for DU in the second stage of
labor as compared with NI-fECG, which was also de-
scribed by Reinhard et al.25,27 They also report a rise
in success rate between the first and second stage of la-
bor for DU.25 These results may demonstrate the limita-
tion of success rate as an outcome measure if other
outcome measures are not taken into consideration.
Reinhard et al used a different definition for reliabil-

ity. They defined reliability as the percentage of avail-
able FHR in the recorded period. According to this
definition, they found a significant difference in reli-
ability between NI-fECG and DU during the first stage
of labor (87.09 vs 85.21) but not during the second
stage of labor (70.51% vs 76.46%).28 Because no refer-
ence method was used to compare the FHR output from
DU and NI-fECG, interpretation of these results is dif-
ficult. In this setting, their definition for reliability better
reflects the definition of success rate; the time the inves-
tigational device provides an output.
Copyright © 2020 Wolters Kluwer 
Confusion Rate

From the articles that reported on MHR/FHR confu-
sion, only Cohen et al used a validated method for
MHR monitoring, which is pulse oximetry.22 Reinhard
et al and Stampalija et al used the NI-fECG device as a
reference method for the performance measures being
researched in their study.27,28 Theoretically, by using
NI-fECG, confusion between MHR and FHR is un-
likely because electrophysiological signals from the
mother are relatively strong compared with those of
the fetus. Because NI-fECG is measuring both MHR
and FHR by a single device, these signals can be sepa-
rated very well. All 3 studies demonstrated that confu-
sion of MHR and FHR is significantly lower with
NI-fECG as compared with DU.22,27,28 This is an im-
portant characteristic, because confusion of MHR and
FHR can lead to unnecessary interventions or failure
to intervene where intervention was needed, sometimes
leading to a seriously compromised fetus.

General Remarks

Overall, this review demonstrates that there is limited
research regarding monitoring by NI-fECG during la-
bor. Studies have small sample sizes and comparing
them is difficult due to heterogeneity. Furthermore, 3
studies did not use the FSE as reference.25,27,28 There-
fore, interpretation and clinical validity of their results
regarding accuracy, reliability, and CR are difficult.
Despite differences in methodology and type of

NI-fECG devices, all included studies in this review
demonstrate that it is possible to apply NI-fECG during
labor. Compared with the currently used standard
method for noninvasive fetal monitoring, which is
DU, NI-fECG performs equally well, or better in most
studies. Even during the second stage of labor, when a
decrease in performance is noticed in most reports, it
is shown that NI-fECG still performs equally or better
compared with DU.2 Studies that compare NI-fECG
and DU with FSE showed that DU and NI-fECG have
comparable success rates. However, compared with
DU, accuracy and reliability of NI-fECG is higher and
CR is lower.
In 2 studies, the success rate for NI-fECG in the sec-

ond stage of labor was lower compared with DU.25,27

These success rates are insufficient according to the
FIGO criteria for accepted percentages of signal loss
of ≤20%.32 One of these studies also showed a higher
FHR/MHR CR for DU, especially during the second
stage of labor.27 Although DU may have a higher suc-
cess rate, the output that is generated may not always
be as reliable as NI-fECG. Although in fetal monitoring
it is generally desirable to have a good signal quality at
Health, Inc. All rights reserved.



375Literature Review NI-fECG During Labor • CME Review Article
all times, it is most important to have a good balance
between signal quality and the reliability of the gener-
ated output. This review therefore shows NI-fECG to
be a more accurate alternative to DU.
In addition to improved test characteristics, patient

satisfaction with this type of noninvasive monitoring
is also better with NI-fECG, as compared with conven-
tional noninvasive monitoring by DU.7 Moreover, non-
invasive monitoring by NI-fECG also yields several
diagnostic opportunities. It may provide information
on a preterm fetus, when invasive monitoring is not
an option or discouraged due to contraindications. The
NI-fECG provides beat-to-beat FHR, which enables
the use of spectral analysis.33 Spectral analysis can
monitor the modulation of the autonomic nervous
system by evaluating oscillations in beat-to-beat FHR
and can differentiate between an asphyxiated and
healthy fetus during labor.34–38 Furthermore, the
NI-fECG may provide information on the actual fetal
ECG waveform complex, identifying other abnormali-
ties that may indicate fetal distress. This has previously
been attempted by combining FSE with STAN.13–16

Because the NI-fECG uses multiple leads, one of the
limitations of STAN, which only uses a single lead
scalp electrode, is avoided.17–19

To conclude, NI-fECG for FHR monitoring is a
promising technique that is noninvasive, is patient-
friendly, and provides accurate information. Future
studies should focus on evaluating and improving sig-
nal quality of the NI-fECG, especially during the sec-
ond stage of labor. Prospective studies on several
diagnostic opportunities of this technique may help im-
plementing NI-fECG in daily clinical practice.
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