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Use of uterine EMG and cervical LIF in
monitoring pregnant patients

Robert E. Garfield, William L. Maner, Holger Maul, George R. Saade

Objectives Review the uterine electromyography (EMG) and cervical light-induced fluorescence (LIF)
devices and their role in the evaluation of uterine and cervical function in comparison with present

methods.

Design Review of recent studies,

Setting University of Texas Medical Branch Labour and Delivery Clinics.

Population Various groups of pregnant women.

Methods We have developed and recently improved non-invasive methods to evaluate quantitatively uterine
electrical signals from the abdominal surface and cervical collagen.

Main outcome measures Uterine EMG utilised power density spectrum (PDS) peak frequency and total
power (Pg) ard cervical LIF utilising LIF ratio.

Results Human studies indicate that uterine and cervical performance can be successfully monitored during
pregnancy using EMG and LIF, respectively, and the assessment of uterine and cervical function can both be
used to influgnce patient management in a variety of conditions associated with labour, more than can
currently available methods.

Conclusions The potential benetits of the proposed instrumentation include the following: a reduction in
the rate of preterm birth, improved maternal and perinatal outcome, better monitoring of treatment,
decreased caesarean section rale and better research methods for understanding uterine and cervical

function.

INTRODUCTION

Preterm birth and its atlendant complications are among
the most important health problems in the world today,
contributing to handicap and about 85% of all perinatal
deaths.' Preterm neonaies with birthweights less than 2500 g
represent about 0% of ihe toral number of babies born
each year.

The complications of preterin birth include significant
neurological, mental, behavioural and pulmonary problems
in later life, Among the prelerm survivors, the rate of neu-
rological impairment varies from 106 to 20% and growth
restriction occurs in approximately 20% of the surviving
infants, The development of effective methods to prevent
or reduce the incidence of preterm hitth depends upon the
understanding of the machanisms thar initiate labour,

The pharmacclogical conmal of uterine contractility
would allow better raatagement of worren who are in spon-
taneous preterm labour. To develop a rutional approach to
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the control of uterine activity, a thorough understanding of
the mechanism by which labour is initiated is important. Of
particular importance for appropriate management of spon-
taneous preterm labour is the ability to identify true rather
than faise labour. There are no clinical methods currently in
use to evaluate objectively the function of the uterus or
cervix during pregnancy.

During the past six years, our group has developed and
improved two methods to evaluate effectively and objec-
tively uterine contractility and cervical function during preg-
nancy. Both methods are noninvasive, easy to learn, rapidly
performed and allow for the quantitative estimation of uter-
ine contractile activity and cervical ripening. These systems
permit ihe attending physician to differentiate between the
labour versus the non-labour state of hoth the uterus and
cervix. They may contribute to a better understanding of
term and preterm labour and to monitoring treatments,

For many years, labour was viewed as the trangition from
an inactive to an active muscle either by the addition of a
uterotonin or withdrawal of tonic progesterone inhibition.”
Although past models recognised the importance of pro-
gesterone in controlling uterine quiescence, they neither
defined precisely the uterine stages of labour nor identified
the mechanism of action of the hormones involved. In ad-
dition, the models of parturition did not consider the
changes in the cervix as an important component of partu-
rition. The results of experimental and clinical studies with
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Fig. 1. Model of werine and cervical development during parturition. The uterus and cervix go through changes as they prepare for labour and oltimately for
delivery. These changes ‘nay be driven. at [zast partially, by independently limed mechanisms,

progesterone and its antagonists indicate that parturition
is composed of two major steps: a relatively long condi-
tioning (preparatory) phase, followed by a short secondary
phase (active laboury> (Fig. 1). The conditioning step
leading to the softening of the cervix takes place in a dif-
ferent time frame from the conditioning step of the uterus
and myometrinin, indicating that the myometrium and cer-
vix are regulated in part by independent mechanisms.
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We and others have shown that myometrial cells are
coupled together electrically by gap junctions composed of
connexin proteins.’ The grouping of connexins provides
channels of low electrical resistance between cells that
facilitate pathways for the efficient conduction of action
potentials. Throughout most of pregnancy, and in all species
studied, these cell-to-cel? channels or contacts are few, indi-
cating poor coupling and decreased electrical conductance.
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Fig. 2. (A) Power spect-um peak freguency within uferine electrical bursts remains relatively low for tlerm-delivering patients far removed from delivery and.
increases most dramaticady within about 24 hows of delivery. All patients included delivered spontaneously. (B) Power spectrum peuk frequency within
ulerine electrical bersts semains refatively bow for preterm-delivering patients far removed from delivery and increases most dramatically within about four

days of delivery, All natients inciuded deliveres spontaneously, '
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Table 1a. The PPV increases dramatically as the measurement-fo-delivery interval {Golden Standard) increases from 8 to 48 hours, whereas the NPV
decreases only slightly at 24 hours. but drops significantly at 48 hours prior to delivery.

MTD interval (hours) PPV NPV Sensitivity Specificity Cutoff z AUC P

8 G545 1 000 1.000 0.394 0.395 3.05 0,706 <0.005
12 i1.750 1.000 1.000 0.542 0.395 in 0.745 <0.001
24 0.854 0.389 0.976 0.533 0.373 303 0.760 <0.010
48 0938 0.556 0.918 0.625 0.373 3.00 1.783 <0.005

MTD = mean time to delivery.

This condition favours quiescence of the myometrium and
the maintenance of pregnancy. At term, however, the cell
junctions increase and Form an electrical syncytium required
for effective contractions. The presence of the contacts
seems to be controlled by changing oestrogen and proges-
terone levels in the uterus,” As action potentials propagate
over the surface of a myometrial cell, the depolarisation
causes voltage-dependent Ca™ channels (VDCC) to open.
When this occurs, Ca’" enters the muscle cell down its
chemical gradient o activate the myofilaments and provoke
a contraction, We have recently demonstrated by reverse
transcriptase polymerase chain reaction that the expression
of VDCC subunits in the rat myometrium increases during
term and pretenn labour.® The increased expression, which
appears to be conirolled by progestercne withdrawal, may
facilitate uterine contractility during labour by increasing
portais for Ca®* eniry.

The cervix is composed of smooth muscle (ca. 10%) and
a large component of connective tissue (90%) consisting of
collagen, elastin and muacromolecular components, which
" make up the extracellular matrix.” Many biochemical and
functional changes occur in cervical connective tissue to-
wards term.” ¥ This process of cervical ripening results in
softening, etffacement and finally dilation of the cervix. Rip-
ening is required for the normal progression of labour and
delivery of the ferus. The exact mechanisms controlling the
cervical ripening process are largely unknown.

At some point, the processes goveming changes in the
myometrium and cervix become irreversible and ultimately
lead to active labour and delivery. Orce active labour has
started, delivery might not be delayed for more than few
days in humans because the changas, which occur in this
preparatory phase. huve by this time become well estab-
lished and cannot %e reversed. especiully not with currently

available tocolytics. Active labour, leading eventually to the
delivery of the fetus and placenta, starts with the onset of co-
ordinated uterine contractions. In our opinion, the key to un-
derstanding parturition and to develeping suitable treatment
methods is to understand the processes by which the myome-
trium and the cervix undergo these conditioning or conversion
stages. Unfortunately, using currently available methods,
including those that are based solely on monitoring contrac-
tions and manual cervical examination, cannot conclusively
detect whether a patient has entered the conditioning step
because changes in these variables may be independent of this
preparatory stage, or may not become detectable by thesc
methods until a relatively late and irreversible stage.

The diagnosis of labour is the mest difficult and impor-
tant task facing medical practitioners in maternity care
today. Knowing that true labour that will lead to delivery
has begun, as well as predicting when it will start, is im-
portant for both normal and complicated pregnancies. Pre-
diction of lahour in normal pregnancies is important for
minimising unnecessary hospitalisations, interventions and
expenses, On the other hand, accurate prediction and diag-
nosis of spontaneous preterm labour will also allow clini-
cians to start treatment early in women with frue labour and
avert unnecessary treatment and hospitalisation in women
who are simply having preterm contractions, bat who are
not in true labour. Even cervical change may not be an
accurate indicator of true labour, as a large percentage of
women with established cervical change do not deliver pre-
term when not treated with tocolytics.'®

While several techniques (described later) have been
adopted to monitor labour, they are subjective and/or do not
pravide accurate diagnosis or prediction. To date, the most
important key to preventing preterm labour has been
constant contact and care from health care practitioners.''

Table 1b, The PPV pe k- ai lewr days priar w detivery, while the NPY increases only slightly as the measurement-to-delivery time increases from one to six
days. The z value. AL'C vale aad the best catoil of the PDS peak frequency parameter are generally higher for pretenm patients than for term patients.

MTD interval {(days) PPy WeY Sensitivity Specificity Cutoff z AUC #

1 U.750 (1568 0,375 0.971 0.480 474 (1851 <0.061
2 4714 {486 0.556 0.939 0.463 5.86 0.884 <{).001
4 WSS 1486 0.600 0.969 0463 7.01 0.206 <0.001
6 .88 o3 {1.750 .933 0.446 6.79 0.890 <0.001

MTD = mean time to delivers .
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The current state ot Iabour mornitoring can be summa-
rised as follows:

—_—

methods are subjective and/or inaccurate;

2. intrauterine pressuce catheters are limited by invasive-
ness and need for riptured membranes;

3, uterine monitors are uncomfortable, inaccurate andfor
subjective;

4. no currently used method has been successful at pre-
dicting preterm labour;

5. no cuarrently used method has lead to effective treatment
of preterm labour; and

6. no currently used method makes a direct measurement

of both the fuaction and state of the uterus or the cervix

during pregnancy.

While a few methods can identify some of the signs of
impending labour, none of the current methods offer objec-
tive data which accurarely predict labour. The techniques
range in complexity Trom simple patient seif-awareness to
complex electronic pressure sensors.

The identificaiion of efectrical activity in excitable tissue
has been known for about 150 years. Recording of electri-
cal depolarisations and repolarisations of contracting stri-
ated muscle has been around for over 100 years. More
recently, smoath muscie has been monitored, leading to the
investigation of uterine electrical activity.

Today, the electrocardiogram (ECG) is the most com-
mon, most versatile and generally the most efficient means
of monitoring normai eart function'? and in diagnosing a
host of cardiac abnormalities including ischaemic heart

disease, ventricular and supraventricular rhythms and other
disease-related abnormalities. The diagnostic process in-
volves careful evaluation of the recorded heart muscle sig-
nals, which involve the characteristic deflections (PQRST)
in the voltage measured. These electrical signals give a
direct quantitative measure of the ion changes in the heart
tissue itself, and the analysis of the electrical recordings
can determine if the heart is in a normal or abnormal state.
Paiients are then classified and managed accordingly.

The impact of the ECG on cardiac research and on med-
icine has been immense, So far, no diagnostic method has
proven itself to be a better tool,'* and this was all accom-
plished by analysis of the externally and non-invasively
acquired electrical signals of the heart muscle during heart-
muscle contractions.

In the same way, the uterine electromyography (EMG) —
which, similarly, amounts to the acquisition of uterine
electrical signals taken non-invasively from the abdominal
surface-—could benefit obstetrics when adopted by physi-
cians, and when utilised as an everyday tool in the antenatal
and labour wards and clinics. Similar to the function of the
ECG for cardiac monitoring, uterine EMG can be used to
monitor wterine electrical recordings in normal pregnancies,
or to diagnose or even predict abnormal conditions such as
preterm labour, insufficient labour progress and dystocia. The
EMG would permit effective classification of women, based
on uterine function, and would enable much better treatment
and management of those women than any currently avail-
able tool, Uterine EMG signals are completely different in
magnitude and configuration from heart ECG signals, and
special methods have to be adopted (o analyse them.
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Fig, 3. In 13 patients nieisured variosly ai pestations from 24 to 40 weeks who had already delivered, a significant (P < 0.05) correlation (R = 0,37) was

seen between the mensarement (o defivery interval and the LIF ratie.'”
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Fluorescence spectroscopy is 4 widely used research tool
in biosciences, which reveals important information with
respect to molecular anc physical states,'"* Fluorescence
spectra provide important details on the structure and
dynamics of macromaolecules and their location at micro-
scopic levels. Fluorescanice spectroscopy has been used to
examine the collagen content of a variety of tissues in-
cluding some cancers.' We have used this methodology to
evaluate the cervix.

METHODS AND RESULTS

We performed human studies (Institutional Review
Board approval was obiuined, and studies were conduct-
ed in accordance with proper ethical standards), wherein
a technique known us power spectrum analysis was per-
formed on uterine elecirical data from term and preterm
women who presented wilh signs and symptoms of la-
bour, but in whom differentiation between false and true
labour could not be made clinically.'® The average power
density spectrim (PDS) peak frequency was determined for
each woman and plotted against the woman’s measurement-
to-delivery interval (I'ips 2A and B). Receiver operator
characteristic {ROC) curves were generated for endpoints
of 8, 12, 24 and 48 hours. Tables 1a and 1b show the
results of the ROC anaiysis, including the corresponding
positive and negative predictive values (PPV and NPV),
respectively.

We concluded that labour and subsequent delivery can
be predicted successfully using non-invasive uterine EMG.

One study invoh ing cervical collagen was conducted to
investigate gestational changes in cervical light-induced
fluorescence (LIF), an index for cross-linked collagen, to
estimate whether LIF correlates with the time-to-delivery
interval and is prediciive of delivery within 24 hours.'”
Twenty-one healthy gravidae without signs of labour had
LIF measured approximately weekly doring the last tri-
mester. Overall, 13 of the women had already delivered by
the time analysis was coraplete, and they were included in
a correlation analysis for time to delivery. Additionally, 31
women, with inconclusive signs of labour, were assessed
in the third trimester. Cervical LIF was obtained non-
invasively using an instrument specifically designed for
this purpose {Collascope). I the longitudinal group, LIF
measurements nezatively correlated wilh gestational age
(R = —0340; P -~ 205 and with tme to delivery (R =
0.370; P < 005 13; Fig. 3. fn the women with
inconclusive signs of lubour, those who delivered within
24 hours of measurenent had significantly lower LIF than
those who delivercd miore than 24 Fowrs from measure-
ment (mean [SDL 0377 {0.413] vy 0.894 [0.228];, P <
0.05; Fig. 4). ROC apalysis showed thet LIF was predictive
of delivery withinr *4 hours (area endor ROC curve: (0L73;
P < 0.01; sensitinity 599, specilicily = 100%, PPV =
78.9% and NPV = 80.0%%, at an LIF cutoff of 0.57).

UTERINE EMG AND CERVICAL LIF IN PREGNANCY 107

1.4
1.24
1.0
0.8
0.6 1
0.4
0.2 4
0.0

LIF ratio

<24 hours
Time to delivery

»24 hours

Fig. 4. In the 29 mle-out patients, a significant difference (P < 0.05) was
scen belween those delivering within 24 hours (n = 19} of cervical LIF
measurement and those delivering more than 24 nours {z = 12) from
cervical LIF measurement (eean [SD]: 0.571 [0.413] vs 0.894 [0.228])."7

We concluded from these studies that cervical LIF
values decrease significantly as gestational age increases
and are predictive of delivery within 24 hours.

DISCUSSION

From our studies as well as those of others, it is clear that
in forecasting labour and delivery, the effectiveness of the
technologies generally accepted into clinical practice are
limited, especially in relation to sensitivity and PPVs, as
compared with EMG and LIF.!®

Of the currently wsed methods, intrauterine pressure
catheters perhaps provide the best information concerning
the state of the pregnancy, but the invasive nature of this
procedure can increase the risk of infection or cause more
serious complications. Such infections could be a risk
factor for preterm labour.'® No real predictive capability
exists for intrauterine pressure catheter devices because
they are mainly used in cases where labour has already
been diagnosed clinically, which is why they do not appear
in the table discussed earlier.

External tocodynamometer monitoring devices are used
in over 90% of all hospital births. Physicians have been
quick to adopt these devices because they supply uterine
contraction data with little risk. Most agree that these
devices provide limited information on labour and that
they are dependent on the skills of the examiner, These
instruments have not changed treatments or improved out-
comes following preterm labour. Generally, these instru-
ments cannot be used to predict true preterm labour.

Tocodynamometer devices are also inaccurate. Many dif-
ferent variables affect the pressure measurement, such as
instroment placement, amount of fat and uterine wall pres-
sure. In addition, tocodynamometry of uterine contractions
is equivalent to measuring cardiac contractions and heart
function with a contraction transducer placed on the chest.
The amount of information about normal and abnormal mus-
cle contraction can never be achieved with these devices.
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Home uterine activiyy monitoring (HUAM), based on exter-
nal tocodynamoiteser recordings, has been vsed in an effort
to predict spontancous preferm labour and decrease the fre-
quency of preterm hirch. ™ However, HUAM has been shown
to be no beiter in lov ering the frequency of preterm birth
than weekly contact with a nurse.”' The lack of significant
clinical usefulness of HUAM is related io the inability to
differentiate between ialse and true contractions.
Measuring the kength of the cervix via endovaginal ulwra-
sonography has been used to detect spontanecus preterm
labour??®? with ~m1e degree of success. Even in combi-
nation with othes factors, with respect to positive predictive
capabilities, there 1 u 1ige of possivle predictive values,
from 50% to 7i% . These are obtained only after the onset
of symptoms of <rontancons preterm {abour, so the method
is lirnited in its poemial for diagnosis and treatment.
Cervicovaginai fetal {ibronectin (FEN) has recently been
suggested as a screening method for women at risk of
spontaneous preterm labour. Several studies®**> have
shown that FFN might be of benefit predict spontaneous
preterm labour, bui other siudies indicate that FEN has
limited value.”® The vatue of the FFN assay lies in its high
NPV (i.e. it has the ubiiity 0 identify patients that are not at
risk of spontanecus preterm labour and preierm birth}.

CONCLUSION

We believe thai physicians can row begin to use the
uterine EMG and cervicel LIF instruinents to their advan-
tage and to the benefil of pregnant women in their own
clinics. With refinements, these tools could be used rou-
tinely with little or no training of the ciinician. Considering
the need for, and bonefits of. this technology, better patient
management and ciassification might lead to a reduction
in perinatal moriuity ind morbidicy.
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