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ABSTRACT

Current techniques used in clinical practice present serious limitations to detect imminent delivery in patients
with threatened preterm labor being this an outstanding goal in obstetrics. Electrohysterogram (EHG) has
emerged as an alternative technique, providing relevant information about labor onset when recorded in
controlled checkups without tocolytic drugs. Those works are mainly focused on EHG-bursts analysis and to a
lesser extent whole EHG windows analysis. No studies have compared the performance of both methods for
labor prediction using the same database. We assessed the capability of EHG signals to discriminate the
imminence (< 7 days) of labor in women with threatened preterm labor under tocolytic therapy, using both
EHG-burst and whole EHG window analyses, by working out temporal, spectral and non-linear parameters.
Only non-linear parameters distinguished those women who delivered in less than 7 days from the rest, for
both EHG-burst (2 parameters) and whole EHG window analysis (4 parameters). Therefore, EHG provides
relevant information about labor imminence even being recorded in women with threatened preterm labor
under tocolytic therapy. Indeed, whole EHG window outperforms EHG-burst analysis promoting the

development of real-time systems to predict imminent labor approaching the use of EHG in clinical praxis.

Keywords: Electrohysterogram, premature labor, tocolytic therapy, non-linear analysis.
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40  The capability, for imminent labor prediction (labor <7 days), of EHG recordings carried out on preterm
41  threatened patients and under tocolytic therapies is analyzed by using EHG-burst and whole EHG window
42 analysis. Compared to temporal and spectral parameters, non-linear features had a better performance in the

43  separation of women who delivered in less or more than 7 days
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1. INTRODUCTION

Premature births are defined as childbirths occurring prior to week 37 of gestation and constitute a leading
cause of neonatal mortality and morbidity, cognitive impairments, cardiovascular system complications and
up to 40% of these survivors develop chronic lung disease [12, 26]. In developed countries, preterm birth
rates, the major cause of mortality excluding congenital malformations [18], are about 12% of total births [12]
and seem to be on the rise [11]. These situations entail a high cost for families and the health systems. Studies
carried out in US have found that preterm births costs can be five times higher than those of term labor ones
[26].

Different methods are traditionally used to diagnose preterm labor, some based on the measurement of the
cervical length, dilatation and consistence of the cervix, such as the Bishop score [8]. However, all these
techniques are limited when it comes to predicting preterm labor [8, 20]. A better method of diagnosing
imminent labor is thus needed for women with threatened preterm labor (TPL) to minimize unnecessary
hospitalizations, reduce healthcare costs and improve maternal and fetal well-being [4].

Uterine contractility is monitored during pregnancy to evaluate the threat of preterm labor. The most common
technique for evaluating uterine contractility is by external tocodynamometry (TOCO) [13]. Nevertheless,
TOCO presents some disadvantages and limitations such as the required re-positioning, its effectiveness
depends on the subjectivity of the clinician and it do not provide any information on the efficiency of uterine
contractions, which is essential information for detecting true preterm labor [16]. An alternative method of
monitoring and analyzing uterine contractility is by external measurement of the uterine electrical activity
[13]. This technique, also called electrohysterography (EHG), records non-invasively the electrical activity
associated with the contraction of the myometrial cells of the uterus (EHG-bursts) [9, 13]. Literature report
that EHG characteristics are ‘dynamic’, and they change throughout pregnancy [3, 5]. At early gestational
ages the uterine electrical activity is scarce and poorly coordinated, however as labor approaches it becomes
more and more intense and synchronized [5, 9]. Several studies have focused on using EHG parameters to
identify ‘true’ labor contractions and “false’ labor contractions in term and preterm pregnancies from EHG
recordings carried out in routine checkups, without any drug being administered to women [6, 24, 28, 29].

However, the applicability of this technique in clinical practice still remains unclear, since tocolytic agents are
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usually given at the first signs of threatened preterm labor, impairing uterine myoelectrical activity. Few
studies have conducted on women with threatened preterm labor under tocolytic agents [28], thus not having
analyzed EHG parameters (linear and non-linear) capability to predict labor horizon under this common
clinical situation. Furthermore, factors that could limit the clinical application of EHG technique include the
entangled acquisition systems ordinary used in the research field, whose use is not viable in clinical practice,
and the need for identification of EHG-bursts, which is in contrast to the need of simplified protocols and
automated segmentation processes in clinical environments. In this regard, almost all the studies in this field
focus on the analysis of EHG-bursts [10, 21, 24]. The segmentation of EHG-burst is a process that depends on
the experts’ subjectivity and requires a long time [6], making this analysis unsuitable for real time diagnostic
systems. Some authors propose whole EHG window analysis [7], which greatly simplifies the segmentation
process and could make EHG analysis suitable for real time applications and so more attractive to clinicians.
Even if the above-mentioned types of analysis have been reported by several authors in the literature, there is
no work extant that compares the imminent labor prediction capacity of both methods.

Therefore, with the purpose of bringing closer the use of EHG to clinical praxis, the aim of the present work is
to study the feasibility of EHG parameters (linear and non-linear) to discriminate, whether delivery will occur
in more or less than 7 days from the EHG recording, in women with threatened preterm labor, under different
stages of tocolytic treatment and using a simplified EHG recording system. The results provided by
conventional EHG-burst analysis will be compared with those from whole EHG window analysis.

2. MATERIALS & METHODS

2.1. DATA ACQUISITION

Eighty eight EHG recording sessions with a duration between 30 and 60 minutes conducted on 51 patients
with singleton pregnancies are included in this study. All the recordings were carried out at the “Hospital
Universitario y Politécnico La Fe”, in Valencia, whose Institutional Review Board approved this study, which
adheres to the Declaration of Helsinki. All patients were informed about the nature of the study and the
recording protocol and signed a written informed consent form. Women included were in gestational ages

between 25 and 36 weeks and showing symptoms of preterm labor, such as cervical effacement or regular
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uterine dynamics. These situations entailed that most of the records (91 %) were carried out under the effect of

tocolytic drugs.

The patients enrolled in the study were followed up until their labor ended, and those who presented risk of
preterm labor but finally did not initiate labor spontaneously were excluded. The following obstetric data was
collected: gestational age, previous gestations, abortions, parity, cervical length and if the EHG recording was
performed without, during or after tocolytic treatment. Table 1 shows the obstetric data of the subjects
involved in the study. Furthermore additional information about the Database obstetrical information is shown

in Figure 1 in form of histograms.

Insert Table 1

Insert Figure 1

In order to study the capability to discriminate labor in less than 7 days in threatened preterm women under
tocolytic treatment, the evolution of different EHG parameters as labor approaches was analyzed. Thus the
recordings were divided into four groups, according to their time to delivery (TTD). G1 includes women who
gave birth in less than 7 days after the recording session, G2 is composed of recordings from women who
gave birth between 7 and 14 days after the recording session, and G3 and G4 are formed by recordings from
women who delivered between 14 to 30 days, and more than 30 days, respectively. In order to study the utility
of EHG parameters in distinguishing between patients who gave birth in less than or more than 7 days, an
extra group G5 was considered, formed by all the patients who delivered in more than 7 days (G2 + G3 + G4)
after the recording. Figure 2 graphically represents the distribution of all the registers included in the different

groups and the time to delivery associated with each group.

Insert Figure 2

For each recording session, the abdominal surface was prepared to reduce skin-electrode impedance by an
abrasive paste (Nuprep, Weaver and Company, USA). The EHG signal was registered by placing two
disposable monopolar Ag/AgClI electrodes (3M red dot 2560, USA) symmetrically with respect to the median

axis on the supraumbilical zone, the inter-electrode distance being 8 cm. Another two disposable electrodes
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were placed on each hip as reference and ground electrodes. This configuration was chosen to simplify the
acquisition protocol, allowing simultaneous clinical recordings with other medical devices, such as TOCO and
ultrasounds. Figure 3 shows the configuration of the disposable electrodes together with TOCO and
ultrasound for fetal heart rate monitoring.

The signals picked up by the electrodes were conditioned by two custom-made amplifiers, which provide a
2059 V/V gain in the band 0.1 to 150 Hz. After amplification, the signals were digitalized with a 24 bit ADC
at 500 Hz. Further information on this wireless signal recording module, developed ad hoc by this group can
be found in the original paper [33]. From these two monopolar electrodes, a bipolar signal was obtained as the
difference between M1 and M2, where M1 and M2 are the monopolar signals registered by the two disposable
electrodes. The TOCO signal was simultaneously acquired using a Corometrics 170 from (GE Medical
Systems, USA) and transmitted to the PC with a sampling frequency of 4 Hz.

Insert Figure 3

2.2. DATA ANALYSIS

EHG signals were digitally filtered in the range 0.1 to 4 Hz, since most of their spectral content distributes
mainly in that range [24], by a 5" order Butterworth bandpass digital filter. EHG signals were also resampled
at 20 Hz.

As previously mentioned, the present work tackles both classical EHG-burst and whole EHG window
analysis. EHG-burst were manually segmented by the following criteria: significant amplitude and frequency
changes regarding the basal tone with durations greater than 40 s, and absence of motion artefacts and
respiratory interference [28]. A total of 338 analyzable EHG-bursts were obtained. For the whole EHG
window analysis, only segments corresponding to patient motion artifacts or fetal movements were detected
by visual inspection and discarded (=~ 2824 minutes of analyzable EHG records). These segments were divided
into analysis windows of 120 s with 50% overlap, in order to include representative sections of the recording
at a reasonable computational cost. Preliminary studies were performed to determinate the optimal bandwidth
for the whole EHG window analysis working out parameters in window sizes of: 1, 2 5 and 10 min of
duration. Results were very similar for windows of 2, 5 and 10 min, selecting finally a size of 2 min in order

to reduce the computational cost.
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Figure 4A includes a diagram of how EHG parameters were calculated for the EHG-burst analysis, and Figure
4B shows the procedure to obtain the same EHG parameters in the whole EHG window analysis.

For both analyses (EHG-burst and whole EHG window), a set of temporal, spectral (obtained from Welch
periodogram), and non-linear parameters (which measure time series complexity) were calculated (8 in total):
peak to peak amplitude of the EHG signals, median frequency, dominant frequency, sample entropy (length of
repeated templates: 2, tolerance: 0.15) [32], spectral entropy [35], time reversibility [15], multistate Lempel-
Ziv index [2, 35] (including 6 states) and binary Lempel-Ziv index [2, 35]. As for temporal and spectral
parameters, we computed others like RMS, median frequency, H/L ratio, deciles and Teager, which showed
similar results to those obtained from App, MF and DF [27]. Therefore, so as to be concise only results for the
last three parameters are shown in the present manuscript. Regarding non-linear parameters, sample and
spectral entropy measure the complexity of a finite time series in time and spectral domain respectively, and
they provide higher values for more “chaotic” signals [6, 32]. As for time reversibility estimates “how similar”
a time series looks like when viewed in forward or reverse time [15]. Lempel-Ziv indexes evaluate signal
complexity by counting the number of different patterns in a time series [2, 35]. Lempel-Ziv multistate
approach was included in order to evaluate high frequency and low amplitude signal components [2]. After
obtaining the EHG parameters from each EHG-burst and/or each analysis window, the median values of each
EHG parameters were worked out for every recording session.

For each parameter, a Wilcoxon ranked test (o = 0.05) was performed in order to assess whether its median
values differ between different groups (G1, G2, G3, G4) and between G1 and G5 for both EHG-burst analysis
and whole EHG window analysis. Moreover, a post hoc power analysis of each parameter and analysis (EHG-
Burst and whole EHG window analysis) has been carried out to assess the clinical significance to differentiate
between G1 and G5.

Insert Figure 4

3. RESULTS

Figure 5 shows 1000 s of EHG bipolar records from women with threatened preterm labor from the four
groups considered: G1, G2, G3 and G4, which correspond to less than 7 days, 7 to 14 days, 14 to 30 and more

than 30 days from the EHG recording to delivery, respectively. Several high amplitude EHG-bursts (= 250 —
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300 pV) can be easily identified in the EHG recording of the patient from G1. It can be noticed how EHG-
burst amplitude decreases as TTD increases: G2 (= 170 uV), G3 (= 150 uV) and G4 (= 100 pV).

Insert Figure 5

Tables 2 and 3 show the mean and standard deviation of the values of the parameters obtained from EHG
records for the EHG-burst analysis and the whole EHG window analysis are shown in respectively. For easier
visual analysis, in Figure 6 the median values of each parameter for both EHG-burst analysis and whole EHG
window analysis are displayed according to the time to delivery. It also shows the significant differences
obtained between the different groups for both analyses performed, represented by black and white dots in the
upper part of each graph. If there is any significant difference between patients who delivered in less than 7
days (G1) and those who delivered in more (G5) it is also indicated in the lower part of them (blue braces).
Insert Table 2

Insert Table 3

Insert Figure 6

Regarding temporal and spectral parameters, an increase in the amplitude values (App) as labor approaches
can be observed in Figure 6, being more evident in EHG-burst analysis than in whole EHG window analysis.
Despite this, significant differences were only obtained for G3 vs. G4 (p: 0.028, EHG-burst analysis and p:
0.027, whole EHG window analysis). No clear tendency is exhibited for median frequency (MF) (see Figure
6) for either EHG-burst or whole window analysis. For this parameter significant differences were only
obtained when comparing G3 vs. G4 for whole EHG window analysis. The dominant frequency (DF)
exhibited a decreasing trend from G4 to G1 in EHG-burst analysis (G1: 0.349 + 0.03 Hz, G4: 0.366 + 0.04 Hz,
Table 2) whereas in the whole EHG window analysis it barely changes (see Figure 6). However, no significant
differences were found between women who delivered in less than seven days and those who gave birth in
more than seven for both whole EHG window analysis and EHG-burst analysis.

Regarding the non-linear parameters, as can be seen in Figure 6, sample entropy present almost no changes as
labor approaches, for both EHG-burst analysis and whole EHG window analysis and in none of the performed
analyses shows significant differences between groups G1 and G5. By contrast, spectral entropy decreased
remarkably and in the case of the whole EHG window analysis it presents a notable ability to distinguish
between different groups (G1 vs. G4 (p = 0.001), G2 vs. G4 (p = 0.015), G3 vs. G4 (p = 0.039) and G1 vs. G5

9
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(p = 0.009)). This parameter presents a post hoc power of 93.2% when differentiating between G1 vs G5.
These are encouraging results since the spectral entropy has not been used previously to characterize EHG
changes along gestation, and it could provide useful information about labor onset under whole EHG window
analysis.

On the other hand in Figure 6, time reversibility seems to increase, for the whole EHG window analysis, in
groups close to labor, compared to those further from delivery. For the whole EHG window analysis
significant differences were found when comparing G1 and G5 (p = 0.037). However, this parameter
presented a post hoc power of 5.4%, probably due to the high variability in its values. Finally, regardless of
the status number (binary o multistate), Lempel-Ziv indexes present a similar trend to sample and spectral
entropy, decreasing as labor approaches for both EHG-burst and whole EHG window analysis. The results
obtained when comparing different groups are very similar in the two analyses, and statistically significant
differences were obtained for both when comparing G1 vs. G4, G2 vs. G4, G3 vs. G4 and G1 vs. G5. Lz-Bin
and Lz-Multi exhibited a post hoc power up to 90% for both analysis when differentiating G1 and G5.

In short, despite the fact that amplitude and spectral parameters present changing trends throughout gestation,
they do not discriminate well between the groups for both EHG-burst and whole EHG window analysis.
Furthermore, neither signal amplitude nor spectral parameter shows a statistically significant difference
between G1 and G5. On the other hand, a remarkable trend can be observed for non-linear parameters when
labor approaches (except for SampEntr), especially when applying the whole EHG window analysis. In order
to discriminate threatened preterm women who delivered in less than 7 days from those who gave birth in
more, statistically significant differences were found in 2 and 4 non-linear parameters for EHG-burst analysis
(LZ-Bin and LZ-Multi) and whole EHG window analysis (SpEntr, Time Rev, LZ-Bin and LZ-Multi),
respectively. Nevertheless post hoc power analysis indicated that Lz-Bin and Lz-Multi are able to discriminate
between G1 and G5 groups in both EHG-Bursts and whole EHG Windows analysis and SpEntr when
computed in whole EHG window analysis.

4. DISCUSSION

Imminent labor prediction in women with threatened preterm labor still remains as a major challenge in

clinical praxis. Electrohysterography has proven to provide more accurate information about labor onset

10
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compared with the current clinical techniques. However, most studies were carried on woman far from labor
without the effect of tocolytic therapies —regular checkups- and usually with entangled and complex
acquisition protocols designed for research purposes. In this study, the capability for imminent labor
prediction of EHG records carried out in women with threatened preterm labor, under common clinical
conditions and using a simplified acquisition protocol was evaluated. EHG signals were mainly recorded in
women under tocolytic therapies (30) or after tocolytic treatment (51), only 7 women were recorded previous
tocolytics. This is because that EHG signals were recorded in threatened preterm women who were
hospitalized and not at the hospital emergency rooms. Although more than one recording session was obtained
from the same woman, only recordings corresponding to different situations (without, under and post tocolytic
therapy) have been included in this study.

As for EHG characterization, temporal, spectral and non-linear parameters computed from both EHG-burst
and whole EHG window analyses were worked out.

4.1 EHG Temporal parameters as labor approaches

Regarding temporal parameters, although our results showed an increase in both EHG-burst amplitude and
whole EHG window amplitude as labor approaches, a significant difference was only obtained for G3 vs. G4
(labor between 14-30 days’ vs. labor for more than 30 days), and no significant differences were obtained
between patients who delivered in less than or more than 7 days, either in EHG-burst or whole EHG window
analysis. These results suggest that amplitude related parameters are not reliable indicators for determining the
proximity of delivery, which agrees with other authors who state that classical contraction parameters such as
duration, amplitude as well as RMS and intensity were not capable of differentiating between the preterm and
term delivery groups [17]. By contrast, other studies have found significant differences in RMS values
between deliveries in less than and more than 14 days for whole EHG window analysis [25]. These
differences could be mainly due to the different bandwidth used by the authors (1 — 1500 Hz) and may not be
attributable to EHG activity. They also computed the RMS value only for EHG-burst signals and also
considered a different time to delivery (TTD <14 vs TTD >14). Other factors related with the acquisition
protocol and skin preparation can also affect the amplitude values of the EHG signals, making this parameter

by itself unreliable for imminent labor prediction.

11
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4.2 EHG Spectral parameters as labor approaches

Some authors highlight a shift of the spectral content towards high frequencies when delivery approaches [5,
28]. One of the most studied and useful uterine EMG measurements for predicting preterm labor is peak
frequency, which increases in women who deliver prematurely [20, 24]. Lemancewicz et al found that the
dominant frequency for whole EHG window analysis, estimated within the frequency range 0.24-4 Hz could
be used for differentiating patients who delivered within 7 days from those delivered after 7 days [19]. Other
studies suggest that median frequency could be used to discriminate term and preterm labors, for both whole
EHG window analysis [6] and the EHG-burst analysis [17]. Nevertheless, no statistically significant
differences were found in our results for either the frequency peak or mean frequency for distinguishing the
G1 vs. G5 group (labor in less than 7 days’ vs. more than 7 days’). Indeed, for the EHG-burst analysis only
DF parameter showed significant differences when comparing G1 vs. G4 (p = 0.049), and in the whole EHG
window analysis only MF in comparing G3 vs. G4 (p = 0.018) and DF when comparing G1 vs. G3 (p = 0.031)
showed significant differences. These results could mainly be due to several factors. Firstly, previous studies
have shown that the shifting of the spectral content toward higher frequencies is produced 24 h before delivery
for term labors and 4 days before in preterm ones [22], and in our database, 7 of the 14 records included in the
group TTD <7 were between 4 to 7 days before delivery. Indeed, studies on the evolution of EHG spectral
parameters vs. TTD that use broad time horizons (several weeks before delivery) suggest their evolution is
clearly non-linear. Furthermore a shift to lower frequency content 10 days before delivery was found for
preterm patients [22] and other authors noted an increase of the signal energy in ranges [0.3 — 0.9] Hz and [1.2
— 1.5] Hz between 6-8.5 weeks before labor, then a decrease of about 4.5 to 5.5 weeks before labor and finally
a further increase 0.5 to 1 week before delivery for term labor patients [23]. Secondly, almost all EHG records
(= 91%) included in the present work were taken from patients who received tocolytic treatment. We consider
that this real clinical condition could cause differences in the results when compared to other studies, since the
ability of tocolytic drugs such as Nifedipine has been shown to affect the amplitude and spectral content of the
EHG signals, resulting in smaller amplitude signals and in a significant decrease of PSD peak frequency [30].

4.3 EHG Non-linear parameters as labor approaches

12
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With reference to SampEn, literature has reported controversial results: some authors state that SampEn
calculated in the range [0.3 - 3] Hz for whole EHG window analysis presented a downward trend when labor
is closer [6], other studies reported that for EHG-burst analysis no significant differences were obtained in
sample entropy between preterm and term records [17]. Vrhovec et al revealed that SampEn showed a non-
linear trend throughout pregnancy [31]. However, in the present work the SampEn did not show any
remarkable trend. These controversial results may be related with different factors such as differences in
recording protocols, analysis bandwidths or the inclusion criteria of the signal segments analyzed. In the
present work, we have discarded EHG segments with evidences of motion artifacts or respiratory interference
as they can affect non-linear parameters. Indeed SampEn has been proven to be sensitive to motion artifacts,
sampling frequency, the length of the embedded vectors (m) and the tolerance (r) [1, 6, 34].

As for Lempel-Ziv index, Lemancewicz found significantly higher values in the range [0.24 - 4] Hz for TTD
<7 days group against TTD >7 group [19]. Our results show that Lempel-Ziv in the range [0.1 - 4] Hz tend to
decrease as labor approaches for both EHG-burst and whole EHG window analysis, which indicates that the
EHG signal becomes more regular and deterministic. These differences with the Lemancewicz results may be
due to specific computing details, such as different bandwidth, and size of analysis window and/or others
related with inclusion or exclusion criteria of the EHG signals segments affected by motion artifacts or
respiratory interference. Moreover post hoc power analysis reveals that both LZ-Bin and LZ-Multi are robust
parameters to determine imminent labor regardless the type of analysis (EHG-Burst or whole EHG window
analysis) and therefore they could be potentially used for designing preterm labor prediction systems.

For the time reversibility parameter, other authors found that Time Rev increases as labor approaches in term
patients, reaching an AUC to distinguish labor contractions of 0.99 [15]. The same trends for both types of
analysis are observed in the present study, although significant differences for TTD <7 days group against
TTD >7 group were only obtained for whole EHG window analysis. However, our results reveals a high
variability in Tr values, which results in a low post hoc power value (5.4%). Then we consider that Tr is not a
robust parameter for predicting imminent labor in threatened preterm women under tocolytic therapies.

As far as we are concerned, the spectral entropy parameter has not been previously computed in EHG signals.
It has been previously used in the literature to evaluate the organization of the spectral content in EEG signals
picked up from patients during anesthesia [14]. In the present study, this parameter shows a downward trend

13
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as labor approaches, giving rise to a very promising result, especially in whole EHG window analysis to
identify patients who give birth in less than 7 days.

4.4 EHG-burst or whole EHG window analysis

In general, whole EHG window outperforms EHG-burst analysis in terms of distinguishing (statically
significant differences of EHG parameters) recordings from different TTD groups. Specifically, the results for
whole EHG window analysis showed that all the tested non-linear parameters, except for SampEn, presented
statistically significant differences for women who delivered before 7 days and those after 7 days. In contrast,
when using EHG-burst analysis, only binary and multistate LZ parameters presented statistically significant
differences. Therefore, the use of complexity parameters in whole EHG window analysis in patients under
common clinical conditions could lead to a promising tool for predicting labor in less than 7 days. All these
results show that the whole EHG window analysis is not only able to track the evolution of EHG as labor
approaches, but it may have a better performance than EHG-burst analysis for predicting whether a patient
with threatened preterm labor will deliver in more or less than 7 days. These are remarkable results, since
whole EHG window analysis greatly simplifies the segmentation process as compared to traditional EHG-
burst analysis which is usually tedious, subjective and offline. In this regard, the use of an automatic classifier
able to discard patient motion artifacts, fetal movements and respiratory interference in combination with a
whole EHG window analysis system would facilitate the use of EHG techniques in clinical practice.

5. CONCLUSIONS

This paper analyzes the feasibility of the EHG to discriminate those patients with threatened preterm labor
who delivered in less than 7 days from those who delivered in more, under common clinical conditions, by
calculating linear and non-linear parameters computed from both EHG-bursts and whole EHG window
analyses. Although some temporal and spectral parameters showed an increasing trend as labor approaches in
both EHG-burst and whole EHG window analysis, complexity parameters presented a better performance in
distinguishing between the different time-to-delivery groups. For the EHG-burst analysis two non-linear
parameters (LZ-Bin and LZ-Multi) presented significant differences (p <0.05) between groups of women who
delivered in <7 days vs.>7 days and four non-linear parameters for whole EHG window analysis (SpEntr,
Time Rev, LZ-Bin and LZ-Multi). It point out that whole EHG window analysis could be used to predict
preterm labor under common clinical conditions with better performance than the classical EHG-burst
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analysis. Since this method does not require EHG burst annotation, this together with automatic detector of

mother and fetal motion artifact and respiration interference in EHG recording, could be used to develop a

preterm labor prediction system in real time based on EHG and therefore may facilitate the translation of the

EHG technique to clinical praxis.

Ethical approval: “All procedures performed in studies involving human participants were in accordance

with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
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461  Fig. 1. Histograms of the obstetrical information collected from the included patients.
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463  Fig. 2. Distribution of all included registers in the different groups according to their time to delivery in days.
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465  Fig. 3. Electrode configuration for EHG acquisition, in combination with TOCO and ultrasound for fetal
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469  Fig. 4. Diagram of the methodology employed to obtain EHG parameters for both types of analysis
470  performed, EHG-burst analysis (A) and whole EHG window analysis (B). Where Vi are the analysis windows

471  for the whole EHG windows analysis with a fixed duration of 120 s.
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473  Fig. 5. EHG recordings from women with threatened preterm labor for the different groups according to their

474  TTD: G1(A), G2 (B), G3 (C) and G4 (D).
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477  Fig. 6. Evolution of median values of EHG parameters according to their time to delivery, EHG-burst
478  parameters are represented in gray and whole EHG window analysis in dark lines. ‘0’ means statistical
479  significant difference (p < 0.05) were obtained for the parameter in the EHG-burst analysis and ‘e’ represents
480  statistically significant differences when parameters are worked out in the whole EHG window analysis. Blue
481  braces indicate significant differences between G5 (TTD> 7) and G1 (TTD< 7) and the black ones indicate

482  significant differences between the rest of the groups.
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485  Table 1: Patients’ Obstetrical information.
Gl G2 G3 G4 G5
<7 days [7-14] [14-30[ >30 days | >7 days
Maternal Age (years) 309+47 25749 33.6+3.9 31.3+54 | 26.7+£9.9
Gestations 20+15 15+11 1.7+£0.9 16+£0.7 |162+1.14
Parity 04+09 0304 04+05 0.3+04 | 0.32+0.62
Abortions 0.33+£0.89 | 0.27+0.47 | 0.22+043 | 0.28+0.45 | 0.26+0.41
Cervical Length (mm) 9.8+6.5 13.1+58 | 25.6+10.6 | 21.9+134 | 19.3+14.6
Gest. Age (weeks) 320425 | 311+22 | 323+14 | 297+21 | 31.8+22
ATB Without 1 0 0 6 6
oo [ | T [ e e [ w
Number of Post 9 7 12 23 42
records Total 14 12 18 44 74
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Table 2. Mean and standard deviation of EHG-bursts’ parameters in each group.

Gl G2 G3 G4 G5
App (LV) 188.2+95.6 | 159.3+63.0 | 176.1+57.6 | 136.1+63.0 | 151.1+63.1
MF (Hz) 0.312+0.03 | 0.317+0.02 | 0.305+0.03 | 0.330+0.04 | 0.318+0.03
DF (Hz) 0.349+0.03 | 0.344+0.04 | 0.360+0.03 | 0.366+0.04 | 0.364+0.04
SampEntr 2.32+0.71 2.45+0.03 2.32+0.30 241+0.15 2.39+0.20
SpEntr 0.846 £ 0.027 | 0.854 +0.011 | 0.850 + 0.030 | 0.862 + 0.022 | 0.861 + 0.02
Time Rev 21758 2.59+1.05 225+£141 2.14 £ 2.56 2.28£2.08
LZ-Bin 0.29+£0.05 0.32 £ 0.04 0.30 £ 0.07 0.38 +0.07 0.35+0.07
LZ-Multi 0.22 £ 0.07 0.27 £ 0.03 0.25+0.06 0.32 +0.07 0.29 +0.07

Table 3. Mean and standard deviation of EHG complete record analysis parameters in each group.

24

Gl G2 G3 G4 G5
App (LV) 1449+745 | 1295+615 | 1452+47.1 | 128.1+92.6 | 1325+78.9
MF (Hz) 0.322+0.02 | 0.316+0.02 | 0.331+0.02 | 0.348+0.02 | 0.332+0.02
DF (Hz) 0.373+0.03 | 0.359+0.01 | 0.356+0.01 | 0.367+0.03 | 0.360+0.02
SampEntr 2.17+0.34 2.35+0.2 2.14 +0.37 2.33+0.17 2.28+0.25
SpEntr 0.867 +£0.016 | 0.875+0.010 | 0.876 +0.025 | 0.891+0.020 | 0.88 £0.02
Time Rev 3.44+181 431+1.10 3.20+£1.49 2.89+£155 3.62+£1.52
LZ-Bin 0.36 £ 0.05 0.38+0.03 0.39 £ 0.07 0.44 £ 0.07 0.42 £0.07
LZ-Multi 0.30 £ 0.04 0.32 £ 0.02 0.31+0.05 0.35+0.05 0.34+0.05
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