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Abstract 

Objective 

The tocodynamometer (TOCO) has poor sensitivity and specificity in monitoring uterine contractions, especially 

in obese patients. The intrauterine pressure catheter (IUPC) can be used to monitor adequacy of contractions, 

but only after amniotomy. Transabdominal uterine electromyography (EMG) and the TOCO were compared to 

the gold standard IUPC for monitoring uterine contractions. 

Methods 

Forty term pregnant women in labor with ruptured membranes were consented for this study. The root mean 

square (RMS) plot from EMG signals was compared to IUPC and TOCO recordings for 20 to 40 minutes. A 

comparison between the total contraction number, frequency, and the difference in contraction peak time was 

made using Student-t test or ANOVA (P<0.05 was significant). 

Results 

There was no significant difference in the contraction number and frequency when comparing the RMS, TOCO, 

and IUPC. The paper tracings had a greater standard deviation (8.57) than the digitally saved data (3.93). The 

mean peak time difference between TOCO and IUPC was 0.74 seconds (P=0.78; SD 5.2). For RMS vs. IUPC 

peaks, the mean peak difference between was 0.13 seconds (P=0.95; SD 3.93).  

Conclusions 

Uterine electrical activity measured with transabdominal uterine EMG may be used to monitor labor in patients 

as an alternative to the TOCO and the IUPC.  
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Introduction 

 Women in labor are traditionally monitored with 

the tocodynamometer (TOCO), which is based on the 

pressure force produced by the contorting abdomen 

during uterine contractions. The contractions are 

measured by a pressure transducer placed on the 

patient’s abdomen. For this instrument, a belt is 

wrapped around the patient’s abdomen, which can be 

very uncomfortable and constraining (1). The device has 

also been found to be inaccurate, its measurements 

subjective and dependent upon how tight the belt is 

applied. The intrauterine pressure catheter (IUPC), often 

considered as the reference (gold) standard, can be 

utilized only after amniotomy (ruptured membranes). 

There is a learning curve associated with the technique 

of correctly placing an IUPC. It has been reported that 

as many as 30% may be placed “extra membranous,” 

leading to the increased risk of artefactual waveforms, 

placental perforation, abruption, and uterine rupture (2). 

 Uterine smooth muscle contraction is an 

electrochemical process (3, 4). Transabdominal uterine 

electromyography (EMG) measures the action potentials 

of the uterine smooth muscles in the form of electrical 

bursts (spikes) with the help of surface electrodes 

(Figure1). The signal function is based upon the fact 

that the myometrial electrical activity is responsible for 

uterine smooth muscle contraction and relaxation, 

similar to the electrocardiogram, which measures the 

cardiac smooth muscle electrical depolarization and its 

passage in the heart. A series of spikes together 

generate a contraction. Transabdominal uterine EMG has 

been studied at varying gestational ages with increased 

electrical activity seen both in term and preterm labor 

(5). It may identify patients who deliver within 24 hours 

of measurement (6). Others show that the signals 

generated in normal, preterm, and arrested labor appear 

significantly different, allowing clinical interpretation of 

the labor progress (7, 8, and 9). Transabdominal uterine 

EMG has higher negative (NPV: 90) and positive 

predictive values (PPV: 82) to identify patients in 

preterm labor compared to parameters like preterm 

labor symptoms, cervical length, fetal fibronectin, and 

salivary estriol (NPV: 86 to 89; PPV: 21 to 43) (10). 

Since uterine EMG has been shown to positively 

correlate with uterine activity and progression of labor, 

this study was conducted to see whether it may be used 

as a noninvasive alternative to the TOCO and the IUPC.  

Objectives 

To compare the performance of the uterine EMG and 

TOCO to the IUPC in detection of uterine contractions in 

term laboring patients. 

To evaluate the agreement of the uterine contraction 

peak times in uterine EMG, the TOCO, and the IUPC in 

term laboring patients. 

Materials and Methods 

 After obtaining approval from the Institutional 

Review Board (IRB), pregnant women at term gestation, 

in labor, with ruptured membranes and an IUPC in 

place, were consented for the study at the University of 

Texas Medical Branch at Galveston. Those with 

multifetal pregnancy, fetal anomaly, vaginal bleeding, or 

 

Figure 1. Patient with the uterine electromyography 

electrodes, the tocodynamometer transducer and the 

fetal heart rate Doppler applied to the abdomen. 
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a history of cervical surgery were excluded. The 

instrument connections were as shown in Figure 2. The 

electrodes were self-adhesive Ag 2Cl models, each 

approximately 2cm2 in area (Quinton, Bothell, 

Washington). Grounding was accomplished by placing a 

wire laterally on the patient’s hip. The acquisition/

storage system was a custom “Surecall” system provided 

by Reproductive Research Technologies, Houston, TX. 

Filtering for 0.2 to 2.0 Hz band-pass, signals were 

sampled at 100 Hz. Signals were then digitally filtered to 

band-pass only the uterine-specific frequencies of 0.3 to 

1.0 Hz (11). The purpose of digital filtering (used Lab 

View) was to remove any signal noise outside the 

frequency envelope of interest which was the uterine –

specific frequency in this case. The root mean square 

(RMS) transform was thereafter applied to the EMG 

signals by using a running window with a length of 3000 

data points through the EMG recordings. This value was 

determined by evaluating our initial training data and 

trying to produce an RMS signal that closely matched 

the IUPC in shape and smoothness. At these threshold 

values, the best RMS signal recording was obtained 

appearing similar to the IUPC on the visual tracing. The 

RMS of a collection of n values (in our case, 3000 data 

points) is:  

 where x is the magnitude of a single EMG data 

sample (the SureCALL records 100 each second) and n 

is the number of samples set in the RMS Buffer. The x 

labeled RMS is the RMS magnitude recorded for each 

window of EMG samples. This technique was applied to 

all data in EMG records to identify and plot contraction 

events and generate a visual tracing which can be 

compared to that of the TOCO and IUPC. 

 The recordings from the subjects were 

performed for 20 to 40 minutes. The contraction plot 

recordings printed on paper produced by the traditional 

TOCO and IUPC were compared to the digitally-time-

stamped traces routed through the SureCall EMG 

System.  

Analysis 

 A contraction measured as RMS by the uterine 

EMG is considered to be present if the signal inflection is 

greater than 30 seconds in duration and the amplitude 
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Figure 2. Configuration of the instruments applied to the subject 

for simultaneous recording and comparison. 
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of the signal is ≥1/9 of the amplitude from the greatest 

contraction peak to the lowest baseline in the trace 

(referred to as an “arbitrary unit”).  

           A contraction event was considered to be 

measured by RMS, IUPC, or TOCO if there was an 

observed increase in the contraction trace value from a 

local baseline, immediately followed by a peak in the 

contraction trace value, which was, in turn, immediately 

followed by a subsequent decrease in the contraction 

trace value to a local baseline. Correspondence between 

2 devices’ contraction plots was defined when an event 

occurred simultaneously in both devices’ signals, with a 

50% temporal overlap. A contraction plot made by one 

device was not considered to be a corresponding 

contraction if it was more than twice the duration of the 

other device’s potential corresponding contraction. 

A mean peak-point difference was found for each 

subject, and the peak points of the contraction plots 

from the 3 devices were compared since early and late 

decelerations of the fetal heart tones are defined based 

on their location with respect to the contractions seen 

with the IUPC. 

 No sample size/power calculations were done 

for this study as this was an exploratory comparative 

study. Typically, a group size of 20-40 subjects is 

generally enough. The total number of contractions and 

the differences in their peak time values were evaluated 

using Statistical analysis was performed using Friedman 

Repeated Measures Analysis of Variance on Ranks 

followed by multiple comparison Student-Newman-Keuls 

Method. Shapiro-Wilk test was performed for normality. 

A p-value less than 0.05 was considered statistically 

significant. The positive percent agreement (PPA), 

negative percent agreement (NPA), and overall percent 

agreement (OPA) between the devices was calculated 

using a bootstrap method. The IUPC, RMS, and TOCO 

peaks were also analyzed using the mixed model 

analysis in order to account for the within-patient 

contraction number variability. 

Results  

 A total of 40 pregnant women were enrolled in 

the study. Maternal age, BMI, presence or absence of 

pitocin augmentation, and the total number of 

contraction peaks observed from each device in each 

subject are shown for both printed and digitally-saved/

time-stamped tracings in Tables 1. There was no 

significant difference seen in any of these parameters. 

 There was good visual correspondence between 

the 3 contraction plotting devices shown in Figure 3. 

The fetal heart rate tracing could potentially be 

evaluated in a similar manner as with the TOCO and 

IUPC. In 3 patients, there was some additional uterine 

smooth muscle activity seen on the RMS not seen in the 

IUPC or TOCO. This was inferred to be firing of signals 

from a group of smooth muscles not significant enough 

to cause a meaningful contraction (CTX). These were 

not associated with any change in fetal heart rate 

pattern. With regards to both the CTX number and 

frequencies, there was no statistical differences between 

the three different modalities (Figure 4). The difference 

in frequency of CTXs between RMS and IUPC was 

0.42±0.07 compared to TOCO and IUPC which was 

0.44±0.14. As expected, the digitally saved time-

stamped data showed greater agreement percentage 

(98.5%–100%) than the printed paper tracings (91.5%–

94%). 

Discussion 

 Literature review showed Ramondt et al have 

described EMG and IUPC from chronically instrumented 

ovariectomised ewe to develop a program for computer-

aided analysis of the electrical and mechanical activity of 

the myometrium (11). Our study shows its application in 

pregnant human subjects. In fact, this is the first study 

comparing transabdominal uterine EMG to the TOCO 

and IUPC in term laboring patients with spontaneous or 

artificially ruptured membranes.  
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Figure 3. Simultaneous recording and comparison of the signals 

(from top to bottom): the raw EMG signal, the IUPC recording. 

The external TOCO recording and the RMS signal from a single 

subject. Note the exceptional correspondence between RMS-

plotted contractions and the IUPC-plotted contractions. 

Figure 4. No differences were noted in contraction num-
bers among the TOCO, RMS and IUPC groups in printed 
time-stamped tracings (Panel A; P=0.779) and digitally-
saved/time-stamped tracings (B; P=0.327). Same observa-
tions were noted in frequency of contractions in printed 
time-stamped tracings (Panel C; P=0.327) and digitally-
saved/time-stamped tracings (D; P=0.779). Analysis was 
performed using Friedman Repeated Measures Analysis of 
Variance on Ranks followed by multiple comparison Student
-Newman-Keuls Method. Shapiro-Wilk test was performed 
for normality. A p-value less than 0.05 was considered sta-
tistically significant.  
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Jezewski et al compared EMG to TOCO in term pregnant 

women not in labor and found high agreement and 

consistency in the number of CTXs between the two 

(13). Our study further supports this by comparing with 

the IUPC, the gold standard. In fact, when we look at 

each subject recordings, the RMS recordings correlated 

well with the IUPC even in the subjects where the TOCO 

did not do so well. In some instances, the RMS showed 

evidence of some smooth muscle electrical activity which 

was not strong enough to make a contraction in the 

IUPC signal or the TOCO, but unlike the TOCO, the RMS 

never missed a contraction signal picked up by the IUPC. 

This shows the high sensitivity of the RMS to uterine 

smooth muscle electrical activity. Also, there was no 

significant difference in the recording from the 3 devices 

with or without pitocin augmentation.  

 Subjects with varying BMIs ranging from 26 to 

42.2 were included in the study with no difference in the 

EMG recordings. Euliano et al studied the pattern of 

uterine electrical activity in 7 obese pregnant women 

who later underwent IUPC placement and found that the 

TOCO had been unreliable in picking uterine contractions 

in obese women (14). The electrohysterogram-derived 

contraction pattern in that study correlated better with 

the IUPC than the TOCO. Our study agrees with this that 

adipose tissue does not interfere with the transmission 

of uterine smooth muscle electrical signals as it does 

with the TOCO signal. Further studies are being done to 

compare uterine EMG in various classes of obesity. 

 When comparing the contraction-plotting 

characteristics of these clinical devices, it is useful to 

know how well the devices “match-up” with regard to 

the frequency of the contractions since it is routinely 

used to assess labor. The lower PPA and NPA values in 

the printed paper tracing clearly showed the digitally 

saved time-stamped data to be far superior. 

 The high correspondence between contraction 

plots and the absence of differences in contraction 

frequency rates indicates that EMG, rather than the 

TOCO, can be used to assess contraction frequency. The 

absence of differences in contraction peak times 

suggests that there may not be clinical differences in the 

interpretation of fetal heart rate tracing (early and late 

decelerations) using EMG rather than the IUPC. The 

sensitivity and specificity of uterine EMG have been 

consistently found to be around 90% in predictive 

studies of labor and delivery (12), giving an additional 

advantage of using uterine EMG rather than TOCO, 

which seems to have no predictive value in this regard 

(15). The EMG could be used to study other parameters 

such as relative amplitudes within a trace, shape 

parameters of the contractions and frequency domain 

analysis. We would like to start evaluating some 

different parameters that show potential. In present 

study, the parameters that were of interest to the US 

Food & Drug Administration (FDA) were shown. 

 This study data was submitted and received US 

Food & Drug Administration (FDA) approval for the EMG 

machine to be used in term pregnant women. One of 

the limitations of this study is that it is an explorative 

study comparing different modalities for detecting 

uterine contractions, hence our results should not be 

used for supporting uterine EMG as a replacement for 

the IUPC. Future prospective randomized control study 

with enough power are needed to address the clinical 

outcomes between both modalities. The RMS signal 

cannot be used to calculate Montevideo’s units (MVUs) 

as we do in case of IUPC. MVUs are calculated by 

multiplying the number of CTXs in 10 minutes to the 

amplitude of the CTX. This study does not compare the 

amplitude of the contractions recorded by the IUPC to 

the RMS to look for correspondence. However, previous 

work has already indicated a strong correspondence of 

uterine EMG “energy” with certain IUP measures (15). It 

certainly is a better alternative to the TOCO when each 

case is studied individually. 

 The study shows that transabdominal uterine 

electrical recordings, along with the RMS transform, can 
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Patient (digital 

traces)

Maternal Age 

(Years) BMI Pitocin Augmentation

Total IUPC 

Contractions 

(Frequency)

Total RMS 

Contractions 

(Frequency)

Total TOCO 

Contractions 

(Frequency)
1 35 29 Yes 7 9 9

2 30 28.7 No 15 14 26

3 20 31.6 Yes 10 10 10

4 24 27 Yes 10 10 9

5 27 38.8 Yes 6 6 6

6 29 33 No 11 13 11

7 24 25.7 No 12 9 11

8 21 31.9 No 14 14 14

9 24 39.2 Yes 14 12 14

10 21 30.1 Yes 12 12 11

11 20 39.5 No 13 13 13

12 18 39.9 Yes 12 13 12

13 24 36.9 No 9 11 8

14 20 33.1 Yes 12 12 12

15 18 37 No 16 16 14

16 24 37.8 Yes 8 10 8

17 18 25.2 Yes 11 11 11

18 18 30.5 Yes 13 13 13

19 20 26.6 Yes 12 10 12

20 18 23.6 Yes 19 18 15

21 26 33.3 Yes 10 11 10

22 30 30.3 Yes 16 16 16

23 27 34.8 No 13 13 13

24 27 36.3 Yes 16 16 16

25 18 35.1 No 19 19 19

26 31 33.1 No 5 5 5

27 29 29 Yes 12 12 13

28 27 23.6 No 14 14 14

29 28 31.8 Yes 10 10 11

30 19 42.2 No 11 11 11

31 25 29.2 Yes 13 13 13

32 29 32.1 Yes 10 10 10

33 29 26.9 Yes 15 15 15

34 23 26.2 Yes 18 18 18

35 25 34.6 Yes 13 13 13

36 20 35.5 Yes 13 13 13

37 17 32.6 Yes 9 9 9

38 27 31.4 No 13 13 13

39 21 31.6 Yes 10 10 9

40 19 36.2 Yes 13 13 13

Total (Mean ±SD) 23.28 32.27 N/A 489.00 490.00 493.00

Table 1: There was no significant difference seen in any of these parameters. 

There was good visual correspondence between the 3 contraction plotting devices shown in  
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be used to generate contraction tracings similar in 

appearance to TOCO and IUPC recordings and may be 

used to assess term labor. Contraction events in 

pregnant patients can be monitored and evaluated non-

invasively by the uterine EMG, without the need for the 

discomfort of the TOCO or the additional cost and 

invasiveness of the IUPC. The uterine EMG device has 

now FDA approval for use to monitor term patients in 

labor instead of the traditional TOCO. Further powered 

studies are needed to draw definite conclusions and its 

use for diagnosing normal and abnormal uterine 

function, both in clinical and research settings.  

Glossary 

IUPC: intrauterine pressure catheter 

EMG: electromyography 

TOCO: tocodynamometer 

RMS: root mean square 

NPV: negative predictive value 

PPV: positive predictive value 

IRB: Institutional review board 

PPA: positive percent agreement 

NPA: negative percent agreement 

OPA: overall percent agreement 
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