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Abstract

CONDENSATION—Term or preterm delivery in rats can be effectively predicted using artificial
neural network analysis of uterine EMG data.

Objective—To use artificial neural networks (ANN) on uterine electromyography (EMG) data to
identify term and preterm labor in rats.

Study Design—Controls (G1:N=4) and preterm labor models (G2:N=4, treated with onapristone)
were used. Uterine EMG and intrauterine pressure (IUP) variables were measured by implanted
telemetric devices. For each time-point assessed, either a “labor-event” or “non-labor-event” was
first assigned using visual and other means. 112 total labor and non-labor events were observed.
ANN was then used with EMG and IUP parameters to attempt algorithmic, objective identification
for time of labor in each group.

Results—For G1, 8/8 (100%) of labor events and 44/44 (100%) of non-labor events were correctly
identified by the ANN. For G2, 22/24 (92%) of labor events and 31/36 (86%) of non-labor events
were correctly determined by the ANN.

Conclusion—ANN can effectively predict term and preterm labor during pregnancy using uterine
EMG and IUP variables.
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INTRODUCTION

Preterm labor (and subsequent preterm birth) is the most common major complication during
pregnancy, with 20% of all pregnant women at high risk. In the United States alone, 12.7% of
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the four million babies born each year are premature (1). National health care expenditures

well over $28 billion have been estimated. In addition, preterm labor accounts for 85% of infant
mortality and 50% of infant neurological disorders. One of the keys to treating preterm labor
is the early detection of labor. If preterm labor is exposed early, medical specialists can attempt
to stop the labor process, or if unsuccessful, are better prepared to handle the premature infant.

Diagnosis of labor either at term or preterm is the most difficult and important task facing
medical practitioners in maternity care. Knowing when labor has begun, as well as predicting
when it will start, is important for both normal and complicated pregnancies. Prediction of
labor in normal pregnancies is important for minimizing unnecessary hospitalizations,
interventions and expenses. On the other hand, accurate diagnosis of preterm labor will also
allow practitioners to start treatment early in patients with true labor and avert unnecessary
treatment and hospitalization in patients who are having preterm contractions, but who are not
in true labor.

While several techniques (monitoring contractions by examiner, cervical state, intrauterine
pressure and tocodynamometry) have been adopted to monitor labor, they are subjective and
do not provide an accurate diagnosis or prediction of when labor will occur. While a few
methods can identify some of the signs of oncoming labor, none of the current methods offer
objective data that accurately predicts labor over a broad range of patients. It is well
documented that in forecasting labor and delivery, the capability of the technologies already
generally accepted into clinical practice (multiple preterm labor symptoms, contractions >4/
hour, cervical ultrasonography, or fetal fibronectin) are limited, especially by their sensitivity
and positive predictive values (2).

Because of this scenario, classification of pregnant patients and correct identification of
preterm labor are still critical challenges in obstetrics. One novel technique, uterine
electromyography (EMG), has shown great promise for monitoring patients during pregnancy.
For example, previous EMG experiments established that the electrical activity of the
myometrium is actually responsible for myometrial contractions (3-5). Furthermore, extensive
studies have been done in the last 60 years to monitor uterine contractility using the electrical
activity measured from electrodes placed on the uterus (6,7), or on the abdominal surface (8-
10).

Artificial neural networks (ANN), on the other hand, are a powerful and innovative
mathematical method that tracks/categorizes numerical inter-relationships between variables
(11). As such, ANNs are ideal for classification of objects (e.g., patients) based upon one or
more diagnostic input variables (e.g., uterine EMG). As with people, ANN’s learn by example
when configured for specific applications, such as pattern recognition and data classification.
They also possess a remarkable ability to derive meaning from complicated or imprecise data.
They are often used to extract patterns and detect trends that are too complex to be noticed by
humans or other computer techniques. For this study, we wanted to apply a particular ANN
algorithm to uterine EMG data in order to identify labor for both term- and preterm-delivering
rats.

MATERIALS AND METHODS

Approval for these studies was granted by the Institutional Animal Care and Use Committee
of the University of Texas Medical Branch. Animals were allowed free access to food and
water, and were provided natural day-night cycles. Controls (G1: N=4) and preterm labor
models (G2: N=4; treated with onapristone, an antiprogestin agent ,3 mg given subcutaneously
once, on day 17 of pregnancy ) were used. Uterine EMG and intrauterine pressure (IUP) were
measured by implanted telemetric devices with electrodes and pressure catheter (Data
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Sciences), and were recorded at multiple time points on gestational days 16-22 and 1 day
postpartum for G1 (normal delivery on day 22 of gestation) and similar times for G2 (delivery
at gestation days 18 to 20). EMG mean amplitude,(mv), EMG energy (mV2/sec/ohm), EMG
duration (sec.), EMG power-spectrum peak frequency (Hz), , [UP mean (mmHg), and IUP
integral (mmHg x sec.) were calculated for EMG bursts and contractions.

Visual observation of time of labor and delivery was the golden standard used in this study,
and was used to assess each animal (with labor defined as simultaneous vaginal bleeding and
respiratory panting occurring either with or without “pushing” before and during actual
delivery). This method has been used for many decades in rat pregnancy studies and has been
shown to be quite reliable in labor determination for the rat model (12). In our own studies, for
example, this method of diagnosing labor has resulted in prediction of delivery (within
approximately 6 hours of observation) for about 95% of the cases. For each time-point assessed
with EMG and IUP, either a “labor-event” or “non-labor-event” was assigned for each animal.
112 total labor and non-labor events (52 for G1 and 60 for G2) were observed for all EMG and
IUP variables. ANN was then used with these parameters to attempt algorithmic identification
for time of labor in each group.

Once all uterine EMG and IUP variables were calculated, the full data set was conditioned
according to common practice for ANN data preparation (13), specifically by rescaling all data
values to common decimal representation, replacing any missing data values with data set
means for that parameter, and by removing outliers (according to Grubb’s test). Training of
the ANN was accomplished by running both EMG and IUP data from 10 labor and 10 non-
labor events through 10,000 iterations, and using a learning rate of 0.6 (within a range of 0 to
1). Then the ANN (NeuroXL Classifier, www.analyzerXL.com) was used on the calculated
EMG input data in an attempt to algorithmically and objectively classify rats into labor and
non-labor at each time-point (see Figure 1 for analytic methods used in this study). The
particular ANN that was used for classification in this study utilizes the “Kohonen” method
(14). The percentage of correctly categorized patients was determined, and finally statistical
comparison of the ANN-classified groups was performed using Student’s t-test (P<0.05 used
for significance).

G1 and G2 animals were in labor variously from day 22am through day 22pm, and from day
18am, through day 20am, respectively, with uterine EMG and IUP parameters increasing
dramatically during the same time periods (Figures 2, 3). For G2 delivery of any particular
animal took anywhere from several hours to nearly a full day, likely because of underdeveloped
uteri (producing less-than-ideal contractions), as well as incompletely ripened cervices at the
onset of contractions. For G1, 8/8 (100%) of the labor events and 44/44 (100%) of the non-
labor events were correctly identified by the ANN (Figure 4), as compared to the golden
standard of visual observation of labor, while for G2, 22/24 (92%) of the labor events and 31/36
(86%) of the non-labor events were correctly determined by the ANN (Figure 4).

After classification by the ANN, the labor vs. non-labor classified groups were compared to
one another with respect to each EMG and IUP parameter investigated (Table). The EMG
variables showed significant differences for both the term and preterm labor groups, while IUP
only showed a significant difference in the term labor group.

COMMENT

This study examines the use of EMG and ANN, as complimentary technologies, in an effort
to demonstrate their capability in identifying labor, most importantly in the case of preterm
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labor. After ANN classification of the animals, a clear difference in EMG parameter values is
seen between the groups as categorized. EMG seems to be superior to IUP in the determination
of preterm labor, as reflected in the table presented above, since highly significant differences
are noted in EMG variables between the labor vs nonlabor groups and no significant values
are found between IUP. The lack of significance in the IUP variables after ANN classification
means that there may be an even stronger relation between uterine EMG and labor than there
is between IUP and labor, at least for preterm-delivering animals.

EMG parameters are thought to indicate how well prepared the uterus is for labor (8-10). The
significant difference in uterine EMG parameters after ANN classification is an indirect
measure of the ability of the ANN classification method to detect the important changes and
numerical relationships of the uterine parameters which are indicative of labor. On the other
hand, the high percentage of correctly classified labor/non-labor events indicates explicitly just
how efficient the ANN method is at achieving such classification.

The reliability of the pregnant rat model, and the dependability of the visual determination of
labor in those animals, implies that the golden standard used for the comparison to the ANN-
EMG technique of identifying labor is an optimal one. And since the ANN-EMG procedure
was highly effective at determining labor based on this golden standard, we can infer that the
ANN-EMG method itself is a powerful tool for prediction of labor or nonlabor states in general.
That being the case, it stands to reason that the ANN-EMG predictor could prove to have critical
functionality when applied to species whose currently available predictors are inadequate, and
this is precisely the present condition in the clinical forecasting of labor and delivery in humans.
ANN with EMG data has been used in humans and it effectively classifies term/preterm labor/
nonlabor patients (15 ). The ANN-EMG method offers higher sensitivity and postivie
predictive values over other common clinical predictors (such as fetal fibronectin or cervical
ultrasound). This makes this method useful not only in “ruling out” preterm labor, as fetal
fibronectin and cervical ultrasound do, but also for ‘ruling in” preterm labor.

Artificial neural networks objectively, automatically, and accurately identify term and preterm
labor using uterine EMG variables. This paradigm applies to both term and preterm labor but
seems to be more efficient when applied to term labor, yet the results are still highly significant
for preterm labor. The ANN and uterine EMG methods used together as in this study gives us
the ability to identify true labor, at term or preterm, in pregnant women (11,16,17). Other
methods such as multivariable predictive models and CART analysis may also be useful to
identify labor. Since true labor most often leads imminently to delivery, our present study
suggests that by identifying true labor using uterine EMG signals in humans, ANN should give
obstetricians an instrument for actually predicting time of delivery in the clinic.
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Figure 1. Steps Involved in ANN Classification

The diagram shows the processing steps in neural network analysis of uterine data, as well as
methods to verify the performance of the neural network in classification of subjects. Data are
first acquired and then analyzed by an expert, and the calculated parameters (EMG mean
amplitude, EMG energy, EMG duration, EMG power density spectrum peak, lUP mean
amplitude and integral) are used as inputs for the artificial neural network (ANN). The ANN
then categorizes the animals into labor or non-labor based on inter-relations of these input
values. The ANN classifications are compared to groupings done by tried and true
observational methods (vaginal bleeding, panting, and pushing). The efficacy of the neural
network is then quantified by finding the percentage of correctly classified animals (Figure 4)
and looking at the post-sorted statistics of the input parameters (Table).
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Figure 2. Changes in, and Correlation of, Area Under Intrauterine Pressure Curve and Uterine

EMG Burst Energy for Term-Delivering Animals

For term-laboring rats, delivery occurred on approximately day 22, with both uterine EMG
energy and AUIUP increasing dramatically just prior to and during active labor and subsequent
delivery. Delivery for each particular animal took only about 2-3 hours. Correlation
coefficient, and corresponding P-value, for the two parameters are shown. Pearson product-

moment was used for correlation.
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Figure 3. Changes in, and Correlation of, Area Under Intrauterine Pressure Curve and Uterine
EMG Burst Energy for Pre-term Delivering Animals

For preterm-laboring rats, delivery occurred variously from day 18 to day 20, with a marked
and sustained increase in both uterine EMG and IUP during the entire labor and delivery epoch.
Correlation coefficient, and corresponding P-value, for the two parameters are shown. Pearson
product-moment was used for correlation.
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Figure 4. Percentage of Rats Correctly Classified by ANN as Labor or Nonlabor in Term and
Preterm Groups

The ANN classification of term-delivering animals into labor and non-labor occurred
successfully for all the animals investigated. The results were also very good for pre-term
delivering animals, with 92% and 86% correctly classified labor and non-labor animals,
respectively.
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