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SUMMARY

Real-time electrohysterography: A novel technology used on the labour ward
Uterine activity monitoring is one of the crucial intrapartum measurements for labour 
surveillance. Unfortunately, conventional uterine monitoring methods have major draw-
backs. The intra-uterine pressure catheter (IUPC) can adequately monitor amplitude and 
frequency of uterine contractions; however it requires ruptured membranes, and it is 
associated with rare, but severe complications. Nowadays, its non-invasive alternative, 
external tocodynamometry (TOCO) is most widely used. However, external TOCO meas-
urements are affected by a low accuracy and high dependency on proper positioning. 
Moreover, the sensitivity of TOCO is adversely influenced by maternal obesity which is 
currently one of the greatest challenges for pregnancy and labour care. 

Electrohysterography (EHG) is an innovative technology comprising electrodes on the 
maternal abdomen to measure the underlying uterine biopotentials and, from these, 
provide an EHG-based tocogram. Recently, several EHG systems have been proposed to 
provide a tocogram in real-time. This technology is therefore becoming available for daily 
practice on the labour ward. EHG could enhance external uterine monitoring compared 
to TOCO due to the less position-sensitiveness by the adhesive contact electrodes, and 
the improved sensing despite of excessive subcutaneous tissue in obese patients. Addi-
tionally, instead of the global variations of intra-uterine pressure measured by IUPC on 
the one hand, or an average change of the abdominal wall curvature provided by exter-
nal TOCO on the other hand, EHG provides more localised measurements. Since these 
measurements are related to the electrophysiological root cause of uterine contractions, 
EHG potentially allows for a more detailed diagnostic information. 

In this PhD-thesis we validated a novel real-time EHG technology and studied the diag-
nostic value, advantages and limitations of EHG for uterine monitoring during term 
labour. In a prospective diagnostic accuracy study, we tested the performance of an EHG 
system (PUREtrace) which is based on prototypes that have been developed by the Eind- 
hoven University of Technology in collaboration with the Máxima Medical Centre. 
During term labour, 52 women were simultaneously exposed to IUPC, TOCO and EHG 
for two hours. The contractions in each tocogram were automatically detected by a  
computer-based algorithm. The main outcome parameter was the sensitivity of the external  
methods (TOCO and EHG) to detect uterine contractions, with IUPC as the method of 
reference. Furthermore, the EHG sensitivity was compared between obesity groups and 
correlated to obesity parameters. 



The results revealed that EHG has a high sensitivity for uterine contraction detection 
during term labour with IUPC as reference, and the sensitivity of EHG was significantly 
higher than TOCO. EHG could also enhance external uterine monitoring in obese women 
as it was significantly less influenced by maternal obesity than TOCO. However, when 
using EHG in clinics, physicians do need to be aware that EHG detected a higher number 
of contractions compared to both IUPC and TOCO, possibly due to measuring the origin 
of contractions instead of its result. 

Users’ and patients’ preferences were evaluated by customised questionnaires. The 
patients indicated to prefer EHG over IUPC and TOCO. The placement and presence of 
EHG electrodes were considered as the least cumbersome, while TOCO was preferred for 
sensor removal. Our participants reported increased physical discomfort due to the TOCO 
belt and its frequent need for repositioning. Healthcare professionals instead, reported 
ambiguous results regarding their preferences for either of the external methods. They 
advised several technical alterations for EHG such as a wireless and waterproof system 
with an integrated impedance meter.

This thesis further emphasises that uterine activity monitoring deserves a more prom-
inent role in obstetric care. In a systematic review, we focused on the special event of 
uterine rupture. Several uterine activity characteristics, measured by IUPC or TOCO, were 
associated with uterine rupture: uterine hyperstimulation, decrease in uterine activity, 
and an increased or reduced baseline tonus. A meta-analysis on uterine hyperstimulation 
showed an increased risk of uterine rupture in case of hyperstimulation, on the margin 
of significance. As EHG can provide more details on the uterine activity pattern, it might 
help to detect these uterine activity characteristics earlier.

Besides real-time uterine monitoring during labour, other EHG applications are currently 
being evaluated, such as the prediction of vaginal birth and the prediction of preterm 
labour. However, more research is necessary to validate these EHG applications and pre-
pare them for daily care.

In conclusion, this PhD-thesis shows that EHG is a sensitive method to improve exter-
nal uterine monitoring throughout term labour for both non-obese and obese women. 
Moreover, it  provides clinicians an extended overview of EHG characteristics for uterine 
monitoring during term labour that could be useful for optimal interpretation of EHG 
traces in clinics. In addition, it aids clinicians in better weighing the advantages and dis-
advantages of EHG versus IUPC and TOCO; i.e., the accuracy and invasiveness of IUPC, 
and the inaccuracy and safety of TOCO. Overall, this thesis supports obstetricians to start 
using real-time EHG on the labour ward. 
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The power and intensity of contractions cannot be stronger than you, 
because it is you. 

- Positive birth movement -

General Introduction

Chapter 1
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1
General Introduction

The force of birth
Childbirth is a powerful act of nature. Monitoring the force of birth is one of the main 
intrapartum measurements of labour surveillance.1  Uterine contractions need to be 
recorded to follow labour progress, to interpret the fetal heart rate (FHR) pattern, and to 
prevent excessive uterine activity. The uterine activity pattern is visualised in a tocogram 
(‘tokos’ meaning ‘birth’). Excessive uterine contractions, either spontaneous or artificial, 
can bring the fetus in distress. Especially due to the increasing prevalence of labour 
induction and augmentation by administration of oxytocin (meaning ‘quick birth’), the 
tocogram is getting more important nowadays.2,3  The uterotonic drug oxytocin has been 
developed by Vincent du Vigneaud, an American biochemist, for which he received the 
Nobel Prise in Chemistry in 1955.4  Oxytocin improves the uterine contractility force for 
labour progression2,3, yet it should also be considered as a potentially dangerous drug, as 
excessive uterine activity can put the fetus in distress.5 Moreover, many obstetric lawsuits 
involve the misuse of oxytocin.6 Obstetrical caregivers are thus obliged to adequately 
monitor the uterine activity pattern during labour to guard both mother and fetus.

Cardiotocography
In developed countries, the widespread standard for (high-risk) labour surveillance is 
continuous cardiotocography (CTG) that combines measurement of the FHR (cardio) 
with the uterine activity pattern (toco). This technology was introduced in the 1960s 
aiming at detecting fetal hypoxia and preventing fetal asphyxia.7 A normal CTG has a 
high sensitivity and high positive predictive value (PPV) to detect a non-hypoxic fetus, 
while an abnormal CTG is a sensitive indicator for detecting fetal distress but with a low 
specificity and low PVV.8 This implies that during labour there are many fetuses with an 
abnormal CTG without being hypoxic. Additionally, a high inter-observer variability has 
been described on the visual interpretation of the FHR by physicians.9 The only clinical 
significant benefit from applying continuous CTG is a reduction in the incidence of 
neonatal seizures while it has led to an increase of obstetric interventions such as instru-
mental vaginal delivery or caesarean section (CS).10 However, most of these studies have 
been performed more than 25 years ago, when there were no guidelines on CTG interpre-
tation, when the perinatal mortality rate was higher, and when the CS rate was lower than 
today.8,10-13 Because of the low PPV of CTG to detect fetal distress, obstetricians are looking 
for new methods to enhance fetal monitoring with electrophysiological measurements 
like fetal electrocardiography (fECG) or electrohysterography (EHG).14 
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Reasons for uterine monitoring 
Of the many reasons for monitoring uterine contractility, the three most relevant are 
the following:

First, the tocogram is an integral component of the CTG. Contractions cause a transient 
compression of the uterine/placental vessels and the umbilical cord.5,8,15 The response of 
the fetus to this temporary suboptimal circumstances reveal essential information about 
the fetal oxygen status.5 An obstetrical caregiver first needs to know which forces the fetus 
is exposed to, and then needs to evaluate how the fetus reacts to such circumstances.5 
The tocogram should therefore be assessed before the FHR pattern.16 For example, uncom-
plicated variable decelerations may be acceptable in case of regular labour contractions, 
while these will concern an obstetrician in the absence of contractions. Fetal bradycardia 
might be related to excessive uterine activity or to (acute) decrease/absence of uterine 
contractions in case of uterine rupture. Furthermore, calculating the ratio of the FHR 
variability features during contractions and rest periods can improve the discrimina-
tion between fetus with and without asphyxia.17 Thus, uterine contraction monitoring is 
essential to interpret the fetal FHR pattern.8

Second, the contraction frequency provides physicians a parameter to track the begin-
ning and progress of labour. According to the pro-active support of labour philosophy, 
labour is determined by regular painful contractions in combination with either a fully 
effaced cervix, vaginal blood loss or spontaneous rupture of membranes.18 The tocogram 
can inform the obstetrician about the presence of contractions in either preterm and 
term stages. Once labour has begun, a contraction frequency of three up to five con-
tractions during 10 min are normal according to the FIGO guidelines.8 Regular, powerful 
contractions are necessary for cervical changes and pelvic engagement.2 Unfortunately, 
uterine contractions can diminish during the course of labour, for example after mater-
nal exhaustion (dynamic problem) or in case of cephalo-pelvic disproportion (mechanic 
problem).16,18 This results in a lower contraction frequency in the tocogram. As insufficient 
uterine activity is one of the most frequent cause of protracted labour and caesarean 
delivery, obstetrical caregivers need to resolve the dynamic problem by optimising uterine 
forces.18 Thus, the tocogram enables physicians to follow labour evolution and to monitor 
treatment adjustments. 

Third, excessive uterine forces during labour should be monitored as it can put the fetus 
in distress. Regular and adequate pauses between contractions are required for placental 
oxygenation, otherwise the fetus might become hypoxic.7 The FIGO guidelines regard 
more than five contractions per 10 min as excessive, defined in two successive 10-min 
periods or on average over a 30-min period.8 A negative association is described between 
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hyperstimulation and the fetal oxygenation status during labour19, and an umbilical artery 
pH of 7.11 or lower at birth.5,20 A hyperactive uterine state can be due to spontaneous 
contractions, yet is mostly caused by labour induction or augmentation by oxytocin 
administration.6 The availability of the tocogram helps to prevent, detect and manage 
excessive uterine activity. 

In a nutshell, the tocogram assists obstetrical caregivers to interpret the FHR pattern, 
and to monitor uterine hypo- or hyperactivity that could harm both mother and fetus.5 

The history of uterine monitoring
The beginning of uterine monitoring goes back to the 19th century. Braxton Hicks (1823-
1897) was the first to recognise intermittent contractions during pregnancy, which are 
still referred to as Braxton Hicks contractions.21,22 He was already aware of differences 
between pregnancy and labour contractions, yet he had no instrument except his hands 
to register uterine contractions.21,22 Kristeller made a first attempt in 1861 to measure the 
uterine forces by a dynamometer in an obstetrical forceps.23 In 1872, Schatz (1841-1920) 
started with intrauterine pressure measurements by a trans-cervical placed balloon in 
the uterus connected to a kymograph.24 Three types of catheters have been developed in 
the 20th century. Williams and Stallworthy (1952) introduced open, fluid-filled catheters. 
These types of catheters had the problem of blockage by meconium or vernix.23 Solid and 
smaller alternatives, such as transducer- and sensor-tipped catheters, were developed in 
the mid-1980s. These disposable types of transducers are at the basis of current stand-
ard for internal monitoring.23,25 Meanwhile, external uterine monitoring methods were 
developed. In 1896, Schaeffer was the first to construct an air-containing metal hood over 
the maternal abdomen connected to a spirometer.24 In the next decades, several external 
devices were established, including continuous linear registration of the uterine activity. 
Especially the design of Lorand (1936) is still recognisable in current practice consisting 
of a small tocographic device placed on the maternal abdomen by an elastic belt.24

Currently available methods
Three uterine monitoring methods are currently available: external palpation, external 
tocodynamometry (TOCO), and the intra-uterine pressure catheter (IUPC). 

The most traditional method for uterine monitoring is abdominal palpation, which is 
readily available for all obstetrical caregivers. Braxton Hicks described it as: ‘The hand 
is still the safest of the obstetrician’s instruments’.26 Yet, uterine contractions are only 
perceived by manual palpation when their intensity exceeds a threshold of about 10 mil-
limetre of mercury (mmHg), depending on the myometrial and abdominal wall, as well 
of the experience of the obstetrical caregiver.7 Furthermore, the contraction duration and 
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strength are difficult to assess with manual palpation.7 Research on manual palpation was 
performed by asking observers to label contractions as mild, moderate or severe, without 
knowing the recorded IUPC values.27 Overall, the observers assessment was correct in 49% 
of the 236 observations obtained in 46 labouring women during the first stage of labour.27 
Furthermore, manual palpation underestimates the contraction onset and length. There-
fore, manual palpation is mainly sufficient for determining the presence and frequency 
of uterine contractions.7 

The current standard for uterine monitoring is TOCO. This method consists of an external 
strain gauge transducer positioned with an elastic belt around the maternal abdomen, that 
measures changes of the maternal abdominal wall due to uterine contractions.7,16 The main 
advantages are that it is non-invasive, re-usable, and its application does not require rup-
tured membranes nor an experienced physician.7 TOCO provides continuous information 
on the contraction frequency.8 Yet, contraction intensity is not assessed, as the amplitude 
depends on the position and interface with the uterine muscle. A direct comparison of 
TOCO with IUPC showed a poor correlation for contraction amplitude (r=0.26) and dura-
tion (r=0.27), but a good correlation with the contraction frequency (r=0.75).28 The average 
sensitivity of TOCO for contraction detection is 62-74%, which demonstrates a strong 
inter-patient variance and declines in case of maternal obesity.1,29,30 The best tracings are 
obtained in the supine position, yet this position is not preferred due to aorta-caval com-
pression and limitation of maternal mobility.7 Furthermore, the external measurement is 
affected by maternal wall changes such as movements, breathing, coughing and vomiting, 
which influences the baseline tonus and can change the abdominal location.8 Therefore, 
obstetrical caregivers frequently need to reposition this external device and tighten the 
elastic belt to ensure adequate monitoring8, which is uncomfortable for labouring women.7 
Thus, TOCO does not always provide an adequate quality trace, and under optimal circum-
stances it only provides information on the contraction frequency. 

Measurement of the intra-uterine pressure (IUP) is the current gold standard for uterine 
contraction detection. An IUPC provides quantitative information on baseline tone, con-
traction duration, amplitude and relaxation time by measuring changes of the amniotic 
fluid pressure induced by uterine contractions.7,31 In 1952, Caldeyro-Barcia et al. introduced 
Montevideo units (MVU) to quantify uterine contractions, thereby referring to the capi-
tal of Uruguay where this parameter was developed.32 MVU represent the sum of the 
amplitude of each contraction over a 10-min period.33 A contraction amplitude of 25-50 
mmHg or an average of 150-250 MVU are considered adequate for detecting progress 
of cervical dilation and fetal descent.2,16,33,34 One of the main advantages of IUPC is its 
insensitiveness to maternal obesity, which is currently one of the biggest challenges in 
pregnancy and labour care. 
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Unfortunately, IUPC entails increased risks due to the invasiveness. This method consists 
of non-reusable catheters that require ruptured membranes, sufficient cervical dilation 
and insertion by an experienced obstetrician, away from the placental site.7 Therefore, 
contraindications to IUPC placement are placenta praevia and haemorrhage of unknown 
cause.8 Case reports have described severe IUPC-related complications, such as placental 
abruption, uterine perforation and even fetal death.35,36 There are limited data on com-
paring safety of different IUPC types. One trial randomly compared two of the currently 
used IUPC types in 249 women.23 The air-coupled catheters were less frequently placed in 
the extra membranous space (between the membranes and decidua) than the transducer- 
tipped catheters (2.4% vs. 12.5%, p=0.02).23 Furthermore, an increased infection risk due to 
internal monitoring was also reported.37 Conversely, a reduced overall risk associated to 
internal monitoring was reported by a Cochrane review, which reported no adverse event 
in 977 women with internal monitoring and found no increased infection risk.31

Currently, IUPC is not routinely applied due to results of a randomised controlled trial 
(RCT) comparing IUPC with TOCO.31 IUPC did not significantly reduce the rate of operative 
deliveries or of adverse neonatal outcomes in 1456 women during induction or augmenta-
tion of labour.38 International guidelines advice to apply IUPC in selected circumstances: 
for insufficient external monitoring (due to obesity), for adequate interpretation of an 
abnormal FHR, for labour dystocia, for the prevention of uterine hyperstimulation during 
trial of labour after caesarean (TOLAC), and for the purpose of amnion infusion.2,31

The problem
In conclusion, current uterine monitoring methods have limitations. IUPC is the most 
reliable method, yet is accompanied by severe risks due to its invasiveness. TOCO is a 
convenient option while its sensitivity is hampered by obesity and maternal movements. 
Therefore, obstetrical caregivers need a method that combines both safety and accuracy.

Electrohysterography
Measurement of the uterine electrical activity by EHG is a promising technology for 
uterine monitoring during term labour.39,40 This technology, electrophysiology, is widely 
accepted in other medical specialties, for instance cardiology (i.e., electrocardiography) 
and neurology (i.e., electroencephalography). Already in 1950, Steer described that the 
‘Electrohysterograph’ entails an objective evaluation of the myometrium activity by meas-
urement of biopotentials underlying uterine contractions.41 However, EHG is currently 
not common practice in obstetrics and gynaecology mainly for two reasons.
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First, the physiology of uterine contractions is still not fully understood.42-44 Contractil-
ity of the human uterus is based in the myometrium, which predominantly consists of 
involuntary smooth muscle cells.45 Similarly to skeletal muscle cells, an action potential 
propagates through the cell causing depolarisation and coupling of myosin and actin 
filaments.45 Yet, there are two main differences compared to skeletal muscles. The actin 
and myosin filaments are cross-bridged in smooth muscle cells resulting in enhanced 
shortening compared to the parallel arrangement in skeletal muscles.45 Furthermore, 
the depolarisation mechanism of smooth muscle cells strongly depends on influx of 
extracellular calcium because smooth muscle cells have a poorly developed sarcoplasmic 
reticulum (a source of intracellular calcium), whereas regulation of skeletal muscles is 
mainly based on sodium channels.42,45,46 This explains why calcium blockers are effective 
tocolytic drugs for a threatening preterm labour.47 Yet, the exact origin of these electrical 
activation patterns leading to labour remains largely unknown, and no fixed pacemaker 
areas were found.42,44 There is evidence supporting the theory that any uterine cell can 
potentially become a pacemaker cell or can be excited by the neighbouring cell.44 Towards 
the end of pregnancy, hormones and mechanical factors improve the electrical state 
and inter-cell connectivity of the human uterus.43 The balance between oestrogen and 
progesterone regulates the formation of gap junctions: upregulation by oestrogen and 
downregulation by progesterone.43,48 Additionally, oxytocin, prostaglandins and mechan-
ical stretch cause increased excitability of smooth muscle cells.39 Eventually, the uterine 
electrical activity is fully propagated to the whole uterus and results in labour.

Second, it took several decades to reliably measure and interpret the electrohysterographic 
biopotentials at the abdominal surface. Studies in pregnant rats in the ’90s concluded that 
abdominal surface recordings are representative for the uterine biopotentials generated 
by the myometrium, since they strongly correlate with IUP measurements.49,50 Yet, the 
optimal electrode configuration at the maternal abdomen needed to be determined.51,52 
Moreover, technical challenges needed to be managed, such as other (bio)electrical sig-
nals, for instance from maternal electrocardiogram and respiration, movements artefacts, 
and skin impedance.53-56 Extensive research has been performed to determine the optimal 
diagnostic EHG parameters during both preterm as well as term stages, including com-
parison with simultaneous IUPC measurements.57 

The potential diagnostic value of EHG in pregnancy and labour is extensive.39 Clinical 
applications range from analysing uterine electrical activity changes throughout preg-
nancy58 and predicting preterm labour59-62,  to differentiating between true and false term 
labour63,64 and detecting uterine contractions during term labour52,57, up to identifying 
(in-)effective medical treatment65 and predicting term labour outcome.66,67 In particular, 
considering the availability of commercial devices aiming at providing a real-time EHG-
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based tocogram, contraction detection during term labour is expected to be the first 
clinical application of the EHG-based technology. While traditional uterine monitoring 
methods indirectly measure uterine activity by responding to external abdominal defor-
mations (i.e., TOCO) or to changes of the intra-uterine pressure (i.e., IUPC), EHG reflects 
the root cause of uterine contractions. Therefore, EHG could supplement or even replace 
traditional uterine monitoring methods. 

Purpose and outline of this thesis
The main purpose of this thesis is to evaluate a real-time EHG-technology for uterine 
activity monitoring during term labour. This innovative system is the result of a collabo-
ration between Máxima Medical Centre (MMC) and Eindhoven University of Technology 
(TU/e) in the field of fundamental perinatology. In the last decade, our study group has 
moved on through several stages of the Technology Readiness Levels (TRL).68 Our col-
leagues of TU/e started with the development of EHG algorithms for IUP-estimation 
(TRL 1 up to 4) which have been tested in 9 labouring women in MMC (TRL 5).52 Next, the 
Dutch spin-off company Nemo Healthcare has used these data to develop a real-time EHG 
technology (PUREtrace) according to TRL 6. When this EHG system became available for 
use in daily practice, we started a clinical study to validate this novel uterine monitoring 
method, thereby achieving TRL 7. 

In Chapter 2, the novel real-time EHG-technology is being introduced, including the 
description of two real-time EHG-based CTG registrations presenting a case of mater-
nal obesity and a case of uterine hypertonia. Furthermore, this chapter announces our 
prospective diagnostic accuracy study on simultaneous measurements with EHG, IUPC 
and TOCO during term labour. We named it the ‘W3-study’, which refers to the Dutch 
pronunciation of contraction (‘wee’) and uterine monitoring by three different methods. 
Our hypothesis is that EHG can perform better than TOCO due to the adhesive properties 
of the contact electrodes (i.e., less position sensitive), and the improved signal acquisition 
through subcutaneous tissue (i.e., less obesity sensitive). 

Overall, this thesis investigates the role of real-time EHG for uterine activity monitoring 
in daily obstetric care by answering the following questions.

What are the diagnostic value, advantages, and limitations of EHG-based monitoring?
Chapter 3 provides an extended overview of current knowledge on clinical application 
of EHG during term labour, incorporating our study results described in Chapter 4 to 6 
of this PhD-thesis. This review entails five themes: 1) validation of EHG by reference to 
IUPC, 2) comparison of the EHG performance characteristics to TOCO, 3) uterine mon-
itoring in obese women, 4) users’ and patients’ perspectives, and 5) EHG for predicting 
term labour outcome. 
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Can EHG enhance the sensitivity of external uterine monitoring compared to TOCO?
Chapter 4 describes the main outcome parameter of our prospective diagnostic accuracy 
study, namely comparing the sensitivity of EHG and TOCO for uterine contraction detec-
tion during term labour. We also investigate the PPV and timing of EHG contractions in 
relation to IUPC. In addition, the performance of EHG is compared between groups of 
non-obese and obese women, and between first and second stage of labour.

Is EHG the solution for external uterine monitoring in obese labouring women?
In Chapter 5, the diagnostic parameters of both external methods are analysed in a sub-
group of morbidly obese women. Additionally, the sensitivity of both external methods 
is compared between groups based on obesity (non-obese/obese/morbidly obese) and 
uterine palpation (good/moderate/poor), and the sensitivity is correlated to obesity 
parameters such as the maternal body mass index (BMI) and the maternal abdominal 
circumference.

What are the patients’ and users’ opinions on uterine monitoring methods? 
In Chapter 6 we describe the results of our structured questionnaire on patients’ and 
users’ preferences. As our participants were exposed to all currently available uterine 
methods, we disposed of an ideal study population to evaluate uterine monitoring from 
patients’ perspectives. Furthermore, the nurses of our labour ward received a question-
naire to evaluate their experiences with EHG and their preferences for EHG or TOCO.

Which tocogram characteristics are associated with uterine rupture?
Finally, Chapter 7 entails a systematic review and meta-analysis on tocogram charac-
teristics related to uterine rupture, with special attention to uterine hyperstimulation. 
Especially because of the growing number of women with a previous caesarean scar 
which are at risk of uterine rupture during their next labour, EHG might help to detect 
these uterine activity characteristics associated with uterine rupture earlier.

Chapters 3 to 6 are either published or submitted for publication. Therefore, these chap-
ters are written to be self-contained which causes some overlap between these chapters.
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ABSTRACT

Uterine activity monitoring using external tocodynamometry (TOCO) may cause 
problems or even be impossible and the invasive intra-uterine pressure catheter 
(IUPC) is associated with rare but serious complications. Electrohysterography (EHG) 
has recently become available as a non-invasive alternative. This technology con-
verts the electrical activity of the myometrium during labour into an interpretable 
tocogram. The EHG signal correlates strongly with the intrauterine pressure (IUP) 
and has been found to be more reliable than TOCO. EHG is indicated for women in 
labour when TOCO does not provide an adequate tocogram. Moreover, clinical prac-
tice has shown that EHG supplies more detailed information about uterine activity. 
Hypertonia or disorganised electrical activity may therefore be detected more rapidly 
using this technology. However, EHG signal quality depends on good skin preparation 
and correct position of the electrodes on the abdomen of the pregnant woman. The 
availability of this non-invasive alternative for uterine activity monitoring means 
that safety and accuracy are no longer mutually exclusive. 
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WHAT TECHNIQUE? 

Monitoring of the electrical activity of the myometrium through the abdominal wall of 
pregnant women has been possible for decades. This is called electrohysterography (EHG). 
Research has shown that the processed electrical signal correlates strongly with the intra-
uterine pressure (IUP).1 Development of a system that allows direct conversion of EHG 
into an interpretable tocogram has taken many years. Monitoring is performed through 
electrodes placed on the abdomen. A mathematical algorithm combines the data recorded 
into one signal, based on a physiological model of the electrical conduction properties of the 
myometrium. Moreover, signal processing is performed using a band-pass filter. This filter 
has limits of 0.3 and 1.0 Hz, consistent with the relatively low action potential frequency 
of smooth muscle tissue. This ensures that the electrical activity from other sources, e.g., 
abdominal muscle, is eliminated, while the major component of the electrohysterogram 
remains intact. The eventual result is an immediately interpretable tocogram (Figure 1). 

WHY THE NEED FOR A NEW TECHNIQUE? 

Most healthcare professionals in the Netherlands use external tocodynamometry (TOCO) 
for uterine activity monitoring. The device is positioned with an elastic band closely fitted 
around the labouring woman’s abdomen and records changes in the shape of the abdom-
inal wall during contractions. This non-invasive technique mainly generates data on the 
frequency of contractions but little information on the strength of the contractions. The 
method also depends on the indirect mechanical connection between the transducer 
and myometrium. This connection is compromised in obese women. TOCO produces 
a poor quality tocogram in a considerable number of women: in 2 in 10 women with a 
normal body mass index (BMI) and in 4 in 10 obese women.2 The only reliable alterna-
tive, an intra-uterine pressure catheter (IUPC), provides data on the frequency, strength 
and duration of contractions and resting muscle tone. However, this invasive method is 
associated with several significant disadvantages. IUPC can only be used once labour has 
started, the membranes have been ruptured and the cervix is at least 3 cm dilated. Other 
rare, but serious complications that have been reported include perforation of the uterine 
wall, detachment of the placenta and perinatal death.3 However, a recent Cochrane review 
comparing the invasive IUPC to TOCO did not demonstrate any of these complications in 
977 pregnant women in whom an IUPC was used.4 The same review showed that routine 
use of IUPC did not have an effect on the operative delivery rate (women with a caesar-
ean scar were excluded).4 These results in combination with the risks and higher costs 
of IUPC have led to the Dutch Society of Obstetrics and Gynaecology advising the use 
of TOCO as standard practice.5 IUPC should be considered only when adequate uterine 
activity monitoring is compromised. 



32   |   Chapter 2

WHAT INDICATIONS? 

EHG is indicated for labouring women when TOCO does not provide an adequate toco-
gram. A known risk factor is maternal obesity (Figure 1). 

FIGURE 1 – Cardiotocogram in an obese labouring woman.
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[time (one box represents 30 s)]  

 (a) CTG of a pregnant woman with a BMI before pregnancy of 39 kg/m2, showing the FHR (beats per min) and 
the TOCO signal which does not adequately record uterine contractions. 
(b) CTG of the same woman, showing uterine contractions measured by EHG using the PUREtrace system. EHG 
clearly demonstrates uterine contractions (printed with permission). 
(AU = arbitrary units; BPM = beats per minute; BMI = body mass index; CTG = cardiotocogram; EHG = electro-
hysterography; FHR = fetal heart rate; TOCO = external tocodynamometry)

WHAT PROBLEM DOES THIS SOLVE? 

EHG means that safety and accuracy are no longer mutually exclusive. Uterine activity 
monitoring using EHG is more precise without additional risks such as those associated 
with IUPC.
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WHAT IS KNOWN ABOUT THE EFFECTIVENESS? 

There are no data on the effect of EHG on labour outcome compared to TOCO. Research 
has shown that EHG has high sensitivity for detecting contractions and ranges from 86% 
to 95%.6-8 Measurements using IUPC were used as the reference values in these studies. 
An American study showed that EHG has greater sensitivity than TOCO (89% and 62% 
respectively; p<0.001).9 Another prospective study showed that 87% of the EHG-based 
tocograms could be adequately interpreted, comparable to 95% of the tocograms produced 
by IUPC, which was significantly superior to the tocograms produced by TOCO (68%).10 
A multicentre trial showed that the duration of adequate tocograms was significantly 
longer for EHG than for TOCO both in the first stage (178 vs. 154 min) and second stage 
(80 vs. 68 min) of labour.11 Adequate was defined as a recognisable, reliable pattern with 
a normal baseline. Doctors found it also easier to assess an EHG tocogram than one pro-
duced by TOCO. On a scale of 1-3, where 1 refers to ‘easy’ and 3 to ‘difficult’, TOCO was rated 
2.4 and EHG 1.2 (p<0.001).11 Moreover, clinical practice has shown that EHG supplies more 
detailed information about uterine activity. Hypertonia or disorganised electrical activity 
may therefore be detected more precisely using this technique (Figure 2). In summary, 
EHG seems more accurate and more applicable than TOCO. 

FIGURE 2 - EHG-based cardiotocogram monitoring hypertonia.   
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The top line shows the FHR; it shows a bradycardia. The second line from the top shows the EHG-based tocogram 
made using the PUREtrace system. This shows two episodes of hypertonia indicated in blue where uterine activity 
does not return to resting muscle tone between contractions. These episodes of hypertonia are the cause of the fetal 
bradycardia (printed with permission). 
(AU = arbitrary units; BPM = beats per minute; EHG = electrohysterography; FHR = fetal heart rate)
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HOW DIFFICULT IS IT TO LEARN THIS TECHNIQUE? 

The electrodes are fitted in a single patch, which is easily placed on the abdominal wall 
(Figure 3). However, EHG quality depends on the quality of skin preparation and correct 
position for optimal indirect contact with the uterine wall. Moreover, the amplitude EHG 
correlates with the distance between the electrodes and the myometrium. The greater 
the distance, the smaller the amplitude. The amplitude in pregnant women with obesity 
is therefore sometimes relatively low. However, this EHG system is equipped with a cali-
bration function that corrects for differences in signal amplitude. 

FIGURE 3 - EHG electrode patch

An EHG electrode patch on the abdominal wall of a pregnant woman (printed with permission). 

FUTURE EXPECTATIONS 

All in all, EHG seems a promising alternative to often poor quality TOCO. Prospective 
validation of EHG is currently taking place using simultaneous monitoring of labouring 
women through IUPC and TOCO (‘W3-study’). After validation, a randomised, controlled 
study comparing EHG to TOCO on the perinatal outcome needs to be performed. It is 
expected that more accurate uterine activity monitoring will provide gynaecologists with 
improved information to diagnose uterine hyperstimulation, fetal distress, threatening 
preterm birth, and threatening uterine rupture. 
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WHERE IN THE NETHERLANDS? 

EHG has not been widely used to date. The PUREtrace system has been developed by 
Nemo Healthcare BV in the Netherlands, a spin-off company created through collab-
oration between the Máxima Medical Centre (MMC) in Veldhoven and the Technical 
University in Eindhoven (TU/e). Several other EHG methods for uterine activity moni-
toring are available around the world, including the EUM-100 system from Israel and the 
Monica AN24 system from the United Kingdom. Every system uses its own mathematical 
algorithm. 
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ABSTRACT 

Importance: Real-time electrohysterography (EHG)-based technologies have recently 
become available for uterine monitoring during term labour. Therefore, obstetrical care- 
givers need to be familiar with the diagnostic value, advantages, and limitations of 
using EHG.

Objective: To determine the diagnostic value of EHG in comparison to 1) the intra-uterine  
pressure catheter (IUPC), 2) external tocodynamometry (TOCO) and 3) in case of 
maternal obesity. 4) To evaluate EHG from users’ and patients’ perspectives. 5) To 
assess whether EHG can predict labour outcome. 

Evidence Acquisition: A systematic review was performed in the MEDLINE, EMBASE 
and Cochrane library in October 2017 resulting in 209 eligible records, of which 20 
were included.

Results: A high sensitivity for contraction detection was achieved by EHG (range 
86.0-98.0%), which was significantly better than TOCO (range 46.0-73.6%). EHG also 
enhanced external monitoring in case of maternal obesity. The contraction frequency 
detected by EHG was on average 0.3-0.9/10 min higher compared to IUPC, which 
resulted in a positive predictive value (PPV) of 78.7-92.0%. When comparing EHG 
tocograms to IUPC traces, an underestimation of the amplitude existed, despite 
patient-specific EHG amplitudes have been mitigated by amplitude normalisation. 
Obstetrical caregivers evaluated EHG tocograms as better interpretable and more 
adequate than TOCO. Finally, potential EHG parameters that could predict a vaginal 
delivery were a predominant fundal direction and a lower peak frequency. 

Conclusions and Relevance: EHG enhances external uterine monitoring of both non-
obese and obese women. Obstetrical caregivers consider EHG as better interpretable, 
however they need to be aware of the higher contraction frequency detected by EHG 
and of the amplitude mismatch with intra-uterine pressure measurements. 
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INTRODUCTION

Term labour is characterised by regular uterine contractions leading to cervical dilation. 
Throughout labour, these uterine contractions need to be measured to allow monitoring 
of labour progress and support labour management, especially oxytocin adjustments.1 
Moreover, the fetal heart rate (FHR) pattern in relation to uterine contractions provides 
important information on the fetal wellbeing, as contractions cause transient reduction 
of the utero-placental blood flow.2,3 The fetal response to this temporary suboptimal condi-
tion can reveal a compromised oxygenation status. Additionally, excessive uterine activity 
should be prevented during labour as it can induce fetal distress. Due to the increasing 
prevalence of labour induction and augmentation4,5, the uterotonic drug oxytocin is more 
commonly administered which is associated with uterine hyperstimulation.6 Oxytocin 
is often involved in obstetric malpractice cases as well.7 Obstetrical caregivers are thus 
obliged to adequately monitor the uterine contraction pattern during term labour.

In the last decades, several techniques have been adopted for uterine activity monitor-
ing during term labour. The intra-uterine pressure catheter (IUPC) is currently the gold 
standard by measuring changes in the amniotic fluid pressure (in millimetre of mercury 
(mmHg)) induced by uterine contractions. Unfortunately, this invasive method requires 
ruptured membranes. In addition, case reports have demonstrated severe catheter- 
induced complications such as placental damage or uterine perforation.8 Besides, both a 
large randomised controlled trial (RCT) and a Cochrane review discourage routine use of 
IUPC as it does not improve labour outcome.9,10 The most widespread alternative is exter-
nal tocodynamometry (TOCO) which non-invasively measures changes of the abdominal 
shape induced by uterine contractions.1 However, the accuracy of TOCO is low and highly 
dependent on proper positioning on the maternal abdomen. Moreover, the sensitivity 
of TOCO is adversely influenced by maternal obesity.11 Therefore, the currently available 
TOCO and IUPC are not capable of monitoring uterine contractions in both a safe and 
accurate manner.  

Electrohysterography (EHG) is a promising non-invasive technology which is currently 
being considered for improvement of external uterine monitoring. From electrodes placed 
on the maternal abdomen, EHG can provide an objective evaluation of the myometrium 
activity by measurement of biopotentials underlying uterine contractions. While the 
TOCO indirectly measures uterine activity by responding to external abdominal defor-
mations, EHG reflects the root cause of uterine contractions. As compared to TOCO, the 
reliability of EHG measurements are expected to be less affected by maternal position and 
excessive subcutaneous tissues (obesity). Additionally, EHG is non-invasive and does not 
require ruptured membranes as with IUPC. However, especially during the second stage of 
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labour, EHG might be more exposed to artefacts due to maternal (pushing) movements, 
which could negatively influence its diagnostic values. Furthermore, the costs of EHG 
are higher than TOCO due to the disposable sensors.

The potential applications of EHG-based technologies in pregnancy and labour are exten-
sive. Clinical applications include differentiating between true or false labour (e.g., to 
predict preterm labour and to optimise the management of pregnant women at term 
without cervical dilation) and improving uterine monitoring during labour (e.g., to pre-
vent non-progressive labour or fetal distress, and thereby to reduce the caesarean section 
rate for these indications).12-14 Considering the recent launch of several commercial sys-
tems aiming at providing real-time EHG-based tocograms, we expect the assessment of 
uterine contractions during term labour to be among the first clinical applications of 
EHG-based technologies. 

In this review, we appraise the diagnostic value, advantages, and limitations which 
obstetrical caregivers should be familiar with when applying EHG as uterine monitoring 
technique during term labour. After reading this review, obstetrical caregivers should be 
better able to compare the test characteristics of EHG to conventional methods (i.e., IUPC 
and TOCO), and therefore be aware of the antepartum and intrapartum circumstances 
in which EHG could provide accessory information for optimal dedicated interventions. 
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PHYSIOLOGY

Uterine contractions originate from the electrical activity of the myometrial smooth muscle 
cells and result in an increase of the intra-uterine pressure (IUP). However, the exact mecha-
nism underlying the electrical origin of uterine contractility is still unclear.15-17 In comparison 
to other organs, the electrophysiology of the uterus reveals an exceptional complexity.15,18

The myometrium is composed of smooth muscle fibbers which are relative small cells 
that slowly contract and have a high regeneration capability.17 Additionally, the uterus is 
a myogenic organ which means that the myometrium is able to contract without nervous 
or hormonal inputs.15 It is not clear whether a pacemaker mechanism exist.15 Dedicated 
pacemaker cells or areas with pacemaker activity have been researched.15,19 However, there 
is evidence supporting the theory that any uterine cell can potentially become a pace-
maker cell or can be excited by a neighbouring cell.15,20 

In general, smooth muscle cells highly depend on calcium influx, which explains why 
calcium channel blockers are effective as uterine tocolytic drugs.21 The intracellular cal-
cium concentration is low when smooth cells are at rest. As action potentials propagate 
through a myometrial cell, depolarisation causes an inflow of calcium ions through the 
cell membrane by opening voltage-dependent calcium channels.13,16 These electrical dis-
charges appear as intermittent bursts of spike-like action potentials. A contraction can 
be initiated by a single spike; however, multiple, coordinated spikes are needed for con-
tractions leading to true labour.13,22 This may explain why frequent contractions do not 
necessarily lead to imminent labour23,24, and why burst energy (i.e., the product of burst 
duration and sum of power components) seems an adequate prognostic factor to discrim-
inate between true and false labour.12 

Uterine contractions are physiological events during all stages of pregnancy. From the 
20th week, the so-called Braxton Hicks contractions appear that have an irregular pattern 
and do not result in cervical changes.25 Throughout pregnancy, the hormone progesterone 
inhibits uterine conductivity which is therefore being applied as prevention of prema-
ture birth. Towards the end of pregnancy, biochemical changes in uterine tissue occur in 
preparation for labour, resulting in changes of the bioelectrical uterine activity.26 Myome-
trial cells are electrically coupled by gap junctions.17 These are composed of proteins that 
form channels of low resistance between the myometrial cells, thus improving electrical 
conductivity.16 Hormones such as oestrogens, oxytocin and prostaglandins improve elec-
trical propagation due to stimulating the formation of these gap junctions, and increase 
the excitability of the uterine muscle cells.20,27 Increased uterine volume in case of twin 
pregnancies, polyhydramnios or full-term pregnancy may also improve uterine electrical 
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activity by mechanical activation of stretch receptors in the myometrial wall to synchro-
nise activity and contraction.20,28 In the end, this priming process becomes irreversible 
and leads to labour. The uterine activity is then fully propagated and coordinated to the 
whole uterus to enable fetal expulsion.20

ELECTROHYSTEROGRAPHY

EHG is a non-invasive technique that measures the electrical signals of the uterine muscle. 
EHG evaluates the electrical information that is the origin of mechanical contractions.29 
Already from the 19th week of gestation, EHG can be measured by abdominal electrodes.30 
Studies in humans and animals show that each contraction is accompanied by a burst 
of action potentials, which starts slightly earlier than the mechanical contraction and 
stops before the uterus relaxes.13,19,31 

TECHNICAL ASPECTS

Different applications for the analysis of uterine electrical activity are proposed, ranging 
from pregnancy monitoring for e.g., preterm delivery prediction, to labour monitoring 
by e.g., IUP estimation.

Uterine electrical activity can be recorded non-invasively by surface electrodes. Animal 
studies evaluating EHG signals obtained directly from the uterine surface, have demon-
strated that these abdominal recordings accurately measure uterine biopotentials.13,26,32 
Type and number of employed electrodes widely vary in the literature, depending on the 
specific objective of EHG analysis. 

For IUP estimation, contact Silver-Silver Chloride electrodes are mostly used with contact 
surface areas in the order of 2-3 cm2. The good contact provided by Silver-Silver Chloride 
electrodes in combination with relative large surface areas, show a good signal quality 
and a sufficient spatial resolution for this specific application.33,34

To measure any biopotential, a minimum of two electrodes is needed as any voltage is 
derived as the difference between the signals at two locations (active and reference elec-
trode, respectively). To estimate the IUP, a single channel (i.e., two electrodes) is sufficient. 
However, in several protocols the use of electrode arrays is motivated by an increased 
robustness, or by the need to investigate additional parameters such as the optimal elec-
trode location or the propagation properties of the EHG signal.35-37 
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Abdominal biopotential measurements during pregnancy and labour do not reflect uter-
ine activity alone. Undesired signals such as the skeletal muscle electromyogram, the 
mother’s electrocardiogram and movement artefacts due to, for example, respiration, are 
also recorded by abdominal electrodes in addition to the desired EHG signal. A signifi-
cant attenuation of these undesired signals is obtained by bipolar measurements (i.e., by 
placing active and reference electrodes close to each other on the abdomen).15

To improve the signal quality and minimise the influence of undesired signals on the 
IUP estimation, a variety of electrode locations and inter-electrode distances have been 
proposed and tested. For IUP estimation, inter-electrode distances between 8 and 14 cm 
seem to provide the best signal quality.38 Comparison of several types of electrodes and 
locations has been performed by Alberola-Rubio et al., revealing best results with elec-
trodes over the median axis.33

Skin preparation by abrasive paste for skin impedance reduction is also usually performed 
prior to sensor positioning, in order to reduce the effects of interferences and artefacts.34 
The signal is usually amplified and digitised by dedicated systems that also provide the 
possibility of storing the data digitally for (off-line) processing and estimation of the 
relevant parameters.

Filtering or selection of a specific frequency band for EHG signal analysis is a common 
choice to further reduce the effect of artefacts in EHG signal processing. In fact, the EHG 
signal is characterised by a low frequency content, usually below 5 Hz, which is typical 
of biopotentials recorded from smooth muscles. Furthermore, respiration and related 
movement artefacts in pregnancy lie below 0.3 Hz while the heart rate is above 0.8 Hz.36 
Therefore, IUP estimates are often derived from EHG measurements in the frequency 
band between 0.3 and 0.8-1.0 Hz. Dedicated algorithms have been also developed for the 
removal of specific unwanted biopotentials such as the maternal ECG.39 

Depending on the application of interest, different parameters can be extracted from the 
EHG signal. Promising features for the prediction of preterm birth are related to the fre-
quency content of the EHG signal.32,40-44 Studies on parameters related to the EHG signal 
amplitude, e.g., root mean square (RMS) value, have shown more controversial results.44,45 
More recently, estimation of the EHG conduction velocity has been proposed to predict 
(preterm) delivery with promising results.24,46

For estimation of the IUP from the EHG signal, methods based on an estimate of the EHG 
signal amplitude, e.g., by focusing on the RMS value47 of the filtered signal or the signal 
energy, have been mostly used. The results of these estimations have been compared 



46   |   Chapter 3

either to the internal IUPC or to the external TOCO measurements. For estimating the 
EHG signal energy, the Teager Energy38 has been proposed as an alternative to Time-Fre-
quency Analysis36 for a reduced complexity. Optimal linear filtering48 has been also 
proposed to derive an estimation of the IUP trace and compared to the simultaneous 
invasive measurement. On the technical point of view, the accuracy of these methods has 
been evaluated based on quality measures such as the correlation coefficient and mean 
squared error between the estimate and the reference method.36,38,48

Although a direct relationship between these quality measures and the specificity (sensi-
tivity) of the EHG-based estimate does not exist, a high correlation with the gold standard 
can be related to an accurate detection of the contraction events (contraction frequency, 
timing and counting). Low mean squared errors are, instead, indicative of good esti-
mations of pressure amplitude. Towards clinical usability of these methods, dedicated 
algorithms for uterine contraction monitoring have been also proposed.47,49
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MATERIAL AND METHODS

Sources
The aim of this systematic review was to appraise the diagnostic value, advantages and 
limitations of EHG for uterine contraction monitoring during term labour, and to com-
pare these test characteristics to TOCO and IUPC. This study included the evaluation of 
EHG as a potential method for contraction detection and validated by IUP measurement, 
which has been considered as the current gold standard. Furthermore, the performance 
of EHG-based diagnosis was compared to the diagnostic value of TOCO, which has been 
the most applied method. The diagnostic values of EHG-based methods and TOCO were 
evaluated in obese pregnant women as well. Patients’ obesity has been, in fact, one of the 
major challenges in labour care and diagnostics. Furthermore, to appraise uterine moni-
toring techniques from all perspectives, research on users’ and patients’ experiences was 
reviewed and discussed. Finally, this review explored the potential of another innovative 
application of EHG, namely prediction of delivery mode (i.e., vaginal or caesarean). 

We systematically searched the MEDLINE, the EMBASE and the Cochrane library in 
October 2017 using the following standardised medical subject headings (MeSH) ‘preg-
nant women’, ‘term birth’, ‘obstetric labour’, ‘obstetric delivery’, ‘electrohysterography’, 
‘electrohysterogram’, ‘uterine electromyography’, ‘uterine monitoring’, ‘uterine contrac-
tion’, ‘external tocodynamometry’, ‘intra-uterine pressure catheter’, and related free terms 
presented in the title and abstract. The filter ‘English language’ was applied for this study.

Study selection
A total of 167 articles have been systematically identified after removing 42 duplicates. 
To assess eligibility of the studies, two authors (MV, CR) appraised the extracted studies. 
The flowchart of the search strategy and selection was shown in Figure 1. We selected 
studies meeting the following inclusion criteria:
• Pregnant women during term labour (gestational age ≥ 37 weeks)
• Recording of EHG with contact electrodes on the maternal abdomen
• Analysis of EHG as uterine monitoring technique, including one of these topics:

1) The diagnostic value of EHG in comparison to IUPC 
2) The diagnostic value of EHG in comparison to TOCO
3) Uterine monitoring in obese women by EHG
4) Users’ and patients’ appraisal of EHG compared to TOCO and IUPC
5) EHG for prediction of the delivery mode (i.e., vaginal or caesarean)

We excluded (technical) reviews, modelling methods, guidelines, conference papers, case 
reports and duplicates.
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FIGURE 1 - Flowchart of search strategy and study selection.FIGURE 1 - Flowchart of search strategy and study selection.  
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database searching: 
- Pubmed: 143 
- Embase: 60 
- Cochrane: 5 

 

 209 records identified 

167 records screened for title and abstract 

33 full-text articles assessed for eligibility 

20 studies included  
 

134 records excluded because of:  
- Non-human: 19 
- Non-pregnant: 3 
- Non-labor: 2 
- Predicting the beginning of 
labour (term or preterm): 29 
- Review: 10 
- Model: 2 
- Technical modelling: 2 
- Conference paper: 57 
- Other: 10 
- Other: 9 
 

13 articles excluded because of: 
- No diagnostic value: 9 
- Review: 1 
- Other: 3 
 

42 duplicates removed 

Additional records identified 
through other sources: 
- Article Hayes-Gill 2012 
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RESULTS

Description of the reviewed studies
The characteristics of the 20 studies included in this review are listed in Table 1, which 
incorporates the inclusion and exclusion criteria, comparison method, device and soft-
ware, number and type of derivations, measurement of skin impedance, signal duration 
per patient and analysis, outcome parameters and ethical considerations. In all studies, 
EHG was monitored by abdominal electrodes. The number of electrodes ranged from 2 
to 9 electrodes in either a monopolar or bipolar configuration. However, not all studies 
provided information on the derivation of the active measuring electrodes and/or ground 
electrode, which was described as such in the column ‘number and type and derivations’ 
in Table 1.12,50-55 An inter-electrode distance between 2.5 and 12 cm was reported, or was 
adjusted per patient. The average measurement duration per patient varied from 22 min 
to several hours.

The QUADAS-2 scale has been applied for quality assessment of the primary diagnostic 
accuracy studies, which is available in Table 2. The general risk of bias was considered 
low, as most studies compared EHG to simultaneously recorded IUPC which is the gold 
standard for uterine monitoring. Four studies (partially) compared EHG directly to TOCO 
without IUPC47,56-58, which is considered suboptimal as TOCO has the tendency to under-
estimate the uterine contraction frequency.59-62 Furthermore, the overall applicability of 
the study participants was satisfactory. Most studies included pregnant women in labour 
at term. Only three studies included both term and preterm labour.51,58,59 Furthermore, 
Jezewski et al. included women during 24 h before labour.47

The extracted test characteristics have been presented in Table 3. A two-sided p-value of 
<0.05 was considered statistically significant.

Clinical questions:
The results of the 20 studies were presented according to the following clinical questions: 
* What is the diagnostic value of EHG-based contraction detection relative to IUPC?
* Can EHG improve external uterine monitoring in comparison to TOCO?
* Is EHG capable of improving external uterine monitoring in obese parturients?
* What are the users’ and patients’ experiences on EHG-based uterine monitoring?
* Can EHG provide parameters for predicting labour outcome, i.e., vaginal or caesarean?
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TABLE 1 - Characteristics of the included studies

(1) EHG COMPARED TO IUPC ONLY

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Maul 
2004

13 Term labour 
IUPC for obstetric 
indications

Not described IUPC  Chart 4.0.3 software, 
AD Instruments, 
Castle Hill, Australia 

4 active electrodes, 
unspecified 
derivation

Not described 45 min minimum duration 
Random selection of 5 
contractions, signal criteria not 
described

Correlation between IUP and EHG + Study approval 
+ Informed consent

Euliano
2006

14 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

Not described IUPC Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 49 min average duration 
68 good 10-min traces
Signal criteria for contraction 
detection
MVU calculation by blinded 
reviewers

Sensitivity
Positive predictive value
Contraction frequency
Contraction duration
Waveform correlation of IUP and 
EHG for MVU’s and AUC

+ Informed consent
- No description of study approval
- First author’s husband is 
President and another author 
is employee of Convergent 
Engineering. Both are listed on 
patents.

Rabotti 
2008

9 Term labour
IUPC for obstetric 
indications

Not described IUPC M-PAQ amplifier, 
Maastricht 
Instruments Ltd, The 
Netherlands

5 bipolar signals Not described 22-90 min range duration
3 EHG algorithms tested

Correlation between IUP and EHG
RMSE (mmHg)

+ Study approval 
+ Informed consent

Jacod 
2010

32 Term labour
IUPC for obstetric 
indications 

Not described IUPC AN24 recorder, 
Monica Healthcare, 
Nottingham, UK

4 active electrodes, 
unspecified 
derivation

<5 kV 67 min median duration
Automated contraction 
detection algorithm 

Sensitivity
Positive predictive value
Duration correlation
Amplitude correlation
Correlation with BMI 

+ Study approval 
+ Informed consent

Haran 
2012

47 Term & preterm labour
GA: range 32-42wk, average 
39wk
Singleton fetus
IUPC on indication

Technical issues 
with IUPC
Fetal abnormality

IUPC EUM monitor, 
OB Tools, Migdal 
Ha’emek, Israel

9 electrodes, 
unspecified 
derivation 

Not described 30 min duration 
One blinded reviewer

Onset, offset and peak
Duration correlation 
Intensity correlation
Waveform correlation of IUP and 
EHG for AUC

+ Study approval 
+ Informed consent
- One author is an unpaid 
professional adviser to OB Tools.

Rooij-
akkers 
2014

7 Term labour Not described IUPC M-PAQ amplifier, 
Maastricht 
Instruments Ltd, The 
Netherlands

2 bipolar signals Not described 26-138 min range duration
4 algorithms for IUP-estimation 
tested on 17 tracings

Correlation between IUP and EHG
RMSE (mmHg)

+ Study approval
+ Informed consent

(2) EHG COMPARED TO TOCO AND/OR IUPC

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Jezewski 
2005

108 Within 24h from term 
labour

Not described TOCO General-
use  amplifier. 
Unspecified 
producer.

2 bipolar signals Not described 40 min average duration
Automated contraction 
detection

Consistent contractions
Contraction consistency index
Contraction onset, rise time and 
duration
Amplitude correlation
Waveform correlation of TOCO with 
EHG for AUC

- No description of study approval 
or informed consent. 

Euliano 
2007

25 Term labour 
BMI>34
Singleton fetus
Cephalic presentation

IUPC not 
functioning (n=1)

IUPC or
TOCO

Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 2x30 min duration before and 
after IUPC placement
Automated contraction 
detection 

Sensitivity
Positive predictive value
Consistent contractions
Contraction consistency index
Contraction duration
Correlation with BMI

+ Study approval
+ Informed consent
- Some authors have patents 
on the technology and/or 
are employees of Convergent 
Engineering.

Hayes-Gill 
2012

74 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

No IUPC (n=35)
Technical issues 
(n=25)
Measurement <30 
min (n=4)
Fetal 
abnormality/
malpresentation

IUPC and 
TOCO

AN24 recorder, 
Monica Healthcare, 
Nottingham, UK

5 electrodes, 
unspecified 
derivation 

Not described 261 min average duration
Automated identification 
of interpretable IUPC and 
contraction detection 
Nurses checked TOCO each 
20-30 min

Sensitivity
Positive predictive value
False positive rate
Positive percent agreement
Contraction frequency
Contraction peak timing

+ Study approval
+ Informed consent
- One author is shareholder and 
four authors are or have been 
consultants of Monica or Philips 
Healthcare.
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TABLE 1 - Characteristics of the included studies

(1) EHG COMPARED TO IUPC ONLY

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Maul 
2004

13 Term labour 
IUPC for obstetric 
indications

Not described IUPC  Chart 4.0.3 software, 
AD Instruments, 
Castle Hill, Australia 

4 active electrodes, 
unspecified 
derivation

Not described 45 min minimum duration 
Random selection of 5 
contractions, signal criteria not 
described

Correlation between IUP and EHG + Study approval 
+ Informed consent

Euliano
2006

14 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

Not described IUPC Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 49 min average duration 
68 good 10-min traces
Signal criteria for contraction 
detection
MVU calculation by blinded 
reviewers

Sensitivity
Positive predictive value
Contraction frequency
Contraction duration
Waveform correlation of IUP and 
EHG for MVU’s and AUC

+ Informed consent
- No description of study approval
- First author’s husband is 
President and another author 
is employee of Convergent 
Engineering. Both are listed on 
patents.

Rabotti 
2008

9 Term labour
IUPC for obstetric 
indications

Not described IUPC M-PAQ amplifier, 
Maastricht 
Instruments Ltd, The 
Netherlands

5 bipolar signals Not described 22-90 min range duration
3 EHG algorithms tested

Correlation between IUP and EHG
RMSE (mmHg)

+ Study approval 
+ Informed consent

Jacod 
2010

32 Term labour
IUPC for obstetric 
indications 

Not described IUPC AN24 recorder, 
Monica Healthcare, 
Nottingham, UK

4 active electrodes, 
unspecified 
derivation

<5 kV 67 min median duration
Automated contraction 
detection algorithm 

Sensitivity
Positive predictive value
Duration correlation
Amplitude correlation
Correlation with BMI 

+ Study approval 
+ Informed consent

Haran 
2012

47 Term & preterm labour
GA: range 32-42wk, average 
39wk
Singleton fetus
IUPC on indication

Technical issues 
with IUPC
Fetal abnormality

IUPC EUM monitor, 
OB Tools, Migdal 
Ha’emek, Israel

9 electrodes, 
unspecified 
derivation 

Not described 30 min duration 
One blinded reviewer

Onset, offset and peak
Duration correlation 
Intensity correlation
Waveform correlation of IUP and 
EHG for AUC

+ Study approval 
+ Informed consent
- One author is an unpaid 
professional adviser to OB Tools.

Rooij-
akkers 
2014

7 Term labour Not described IUPC M-PAQ amplifier, 
Maastricht 
Instruments Ltd, The 
Netherlands

2 bipolar signals Not described 26-138 min range duration
4 algorithms for IUP-estimation 
tested on 17 tracings

Correlation between IUP and EHG
RMSE (mmHg)

+ Study approval
+ Informed consent

(2) EHG COMPARED TO TOCO AND/OR IUPC

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Jezewski 
2005

108 Within 24h from term 
labour

Not described TOCO General-
use  amplifier. 
Unspecified 
producer.

2 bipolar signals Not described 40 min average duration
Automated contraction 
detection

Consistent contractions
Contraction consistency index
Contraction onset, rise time and 
duration
Amplitude correlation
Waveform correlation of TOCO with 
EHG for AUC

- No description of study approval 
or informed consent. 

Euliano 
2007

25 Term labour 
BMI>34
Singleton fetus
Cephalic presentation

IUPC not 
functioning (n=1)

IUPC or
TOCO

Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 2x30 min duration before and 
after IUPC placement
Automated contraction 
detection 

Sensitivity
Positive predictive value
Consistent contractions
Contraction consistency index
Contraction duration
Correlation with BMI

+ Study approval
+ Informed consent
- Some authors have patents 
on the technology and/or 
are employees of Convergent 
Engineering.

Hayes-Gill 
2012

74 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

No IUPC (n=35)
Technical issues 
(n=25)
Measurement <30 
min (n=4)
Fetal 
abnormality/
malpresentation

IUPC and 
TOCO

AN24 recorder, 
Monica Healthcare, 
Nottingham, UK

5 electrodes, 
unspecified 
derivation 

Not described 261 min average duration
Automated identification 
of interpretable IUPC and 
contraction detection 
Nurses checked TOCO each 
20-30 min

Sensitivity
Positive predictive value
False positive rate
Positive percent agreement
Contraction frequency
Contraction peak timing

+ Study approval
+ Informed consent
- One author is shareholder and 
four authors are or have been 
consultants of Monica or Philips 
Healthcare.
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TABLE 1 - Continued

(2) EHG COMPARED TO TOCO AND/OR IUPC (CONTINUED)

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Alberola-
Rubio 
2013

22 Term labour
Singleton fetus

Not described IUPC and 
TOCO

Biopac ECG 100C, 
Biopac systems Inc., 
USA 

5 monopolar, 
2 annular, 1 
Laplacian from the 
5 monopolar

Not described 30-180 min range duration
Contraction detection by 2 of 
3 experts 

Consistent contractions
Contraction consistency index

+ Study approval.
+ Informed consent

Euliano 
2013

59 Term & preterm labour
GA: range 33-42wk, average 
39wk
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications or study 
purposes

Uterine scar
Vaginal bleeding
Contraindication 
for IUPC 
placement
Hardware failure 
(n=12)
Inadequate 
duration (n=2)

IUPC and 
TOCO

General use 
amplifier, unspecified 
producer

4 monopolar 
signals

<10 kΩ 137 min average duration
Signal criteria for contraction 
detection

Sensitivity
Positive predictive value
Consistent contractions
Contraction consistency index
Contraction peak/on-offset
Contraction duration
Waveform correlation IUP&EHG
Obesity analysis: BMI ≥35 
Correlation with BMI

+ Study approval
+ Informed consent
- Some authors have patents on 
the described technology and/
or are employees of Convergent 
Engineering.

Cohen 
2014 

74 Term labour 
Singleton fetus
IUPC for obstetric 
indications
TOCO should work 
properly

BMI not 
calculated (n=1)

IUPC and 
TOCO

AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

Unspecified 
number of 
electrodes

Not described 243-291 min average duration
Signal criteria for contraction 
detection

Sensitivity
Positive predictive value
False positive rate
Positive percent agreement
Contraction frequency
Correlation with BMI

+ Study approval
- Informed consent not described.
- Funding by Monica Healthcare. 
One author is a paid consultant, 
and one author is shareholder 
director of the company.

Vlemminx 
2017

48 Term labour
Singleton fetus
Cephalic presentation
IUPC for study purposes

Infections
Placenta/vasa 
praevia
Fetal distress
Dermatologic 
abdominal 
diseases
Measurement <30 
min (n=1)

IUPC and 
TOCO 
 

PUREtrace system, 
Nemo Healthcare, 
the Netherlands

1 bipolar signal <5 kΩ 105 min average duration
Automated contraction 
detection

Sensitivity
Positive predictive value
False positive ratio
False negative ratio
Contraction consistency index
Contraction frequency
Obesity analysis; BMI ≥30
Comparison 1st/2nd stage

+ Study approval
+ Informed consent
- One of the authors is initiator 
of Nemo Healthcare. This author 
has no financial interest in the 
company.

Vlemminx 
2018 

52 Term labour
Singleton fetus
Cephalic presentation
IUPC for study purposes

Infections
Placenta/vasa 
praevia
Fetal distress
Dermatologic 
abdominal 
diseases
Measurement less 
than 30 min (n=1)

IUPC and 
TOCO

PUREtrace system, 
Nemo Healthcare, 
the Netherlands

1 bipolar signal <5 kΩ 101-112 min average duration 
Automated contraction 
detection

Obesity group comparisons: 
1) morbidly obese (n=14), 
2) obese (n=18)
3) non-obese (n=20)
Sensitivity
Positive predictive value
Contraction consistency index
Correlation with BMI and abdominal 
circumference

+ Study approval
+ Informed consent
- One of the authors is initiator 
of Nemo Healthcare. This author 
has no financial interest in the 
company.

(3) EHG FROM USERS’ PERSPECTIVES 

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Reinhard 
2011

144 Term & preterm labour
GA: range 35-42wk, average 
39wk
Singleton fetus

Not described TOCO AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

1 bipolar signal Not described Average duration:
254 min in 1st stage (n=143) 
48 min in 2nd stage (n=93) 
Criteria for adequate and 
inadequate tracings 
Random quality assessment by 4 
blinded gynaecologists

Interpretability: Adequate or 
inadequate
Assessment scale: 1) Easy,
2) Intermediate, 3) Difficult
Contraction frequency
Inter/intra observer variation
Comparison 1st/2nd stage

+ Informed consent
- Study approval not described.
- One author is director of Monica 
Healthcare.

Hadar 
2015

43 Term labour
Singleton fetus
IUPC for obstetric 
indications

Withdrawal 
informed consent 
(n=2)

IUPC and 
TOCO

EUM 100 monitor, 
OB-Tools Ltd, Migdal 
Haemek, Israel

9 monopolar 
signals

Not described 90 min average duration (2x30 
min 1st stage and 1x30min 2nd 
stage) 
Three blinded independent 
expert reviewers.

Interpretable tracings
Positive percent agreement
Sensitivity
Positive predictive value
False positive ratio
Contraction frequency
Contraction timing

+ Study approval
+ Informed consent
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TABLE 1 - Continued

(2) EHG COMPARED TO TOCO AND/OR IUPC (CONTINUED)

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Alberola-
Rubio 
2013

22 Term labour
Singleton fetus

Not described IUPC and 
TOCO

Biopac ECG 100C, 
Biopac systems Inc., 
USA 

5 monopolar, 
2 annular, 1 
Laplacian from the 
5 monopolar

Not described 30-180 min range duration
Contraction detection by 2 of 
3 experts 

Consistent contractions
Contraction consistency index

+ Study approval.
+ Informed consent

Euliano 
2013

59 Term & preterm labour
GA: range 33-42wk, average 
39wk
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications or study 
purposes

Uterine scar
Vaginal bleeding
Contraindication 
for IUPC 
placement
Hardware failure 
(n=12)
Inadequate 
duration (n=2)

IUPC and 
TOCO

General use 
amplifier, unspecified 
producer

4 monopolar 
signals

<10 kΩ 137 min average duration
Signal criteria for contraction 
detection

Sensitivity
Positive predictive value
Consistent contractions
Contraction consistency index
Contraction peak/on-offset
Contraction duration
Waveform correlation IUP&EHG
Obesity analysis: BMI ≥35 
Correlation with BMI

+ Study approval
+ Informed consent
- Some authors have patents on 
the described technology and/
or are employees of Convergent 
Engineering.

Cohen 
2014 

74 Term labour 
Singleton fetus
IUPC for obstetric 
indications
TOCO should work 
properly

BMI not 
calculated (n=1)

IUPC and 
TOCO

AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

Unspecified 
number of 
electrodes

Not described 243-291 min average duration
Signal criteria for contraction 
detection

Sensitivity
Positive predictive value
False positive rate
Positive percent agreement
Contraction frequency
Correlation with BMI

+ Study approval
- Informed consent not described.
- Funding by Monica Healthcare. 
One author is a paid consultant, 
and one author is shareholder 
director of the company.

Vlemminx 
2017

48 Term labour
Singleton fetus
Cephalic presentation
IUPC for study purposes

Infections
Placenta/vasa 
praevia
Fetal distress
Dermatologic 
abdominal 
diseases
Measurement <30 
min (n=1)

IUPC and 
TOCO 
 

PUREtrace system, 
Nemo Healthcare, 
the Netherlands

1 bipolar signal <5 kΩ 105 min average duration
Automated contraction 
detection

Sensitivity
Positive predictive value
False positive ratio
False negative ratio
Contraction consistency index
Contraction frequency
Obesity analysis; BMI ≥30
Comparison 1st/2nd stage

+ Study approval
+ Informed consent
- One of the authors is initiator 
of Nemo Healthcare. This author 
has no financial interest in the 
company.

Vlemminx 
2018 

52 Term labour
Singleton fetus
Cephalic presentation
IUPC for study purposes

Infections
Placenta/vasa 
praevia
Fetal distress
Dermatologic 
abdominal 
diseases
Measurement less 
than 30 min (n=1)

IUPC and 
TOCO

PUREtrace system, 
Nemo Healthcare, 
the Netherlands

1 bipolar signal <5 kΩ 101-112 min average duration 
Automated contraction 
detection

Obesity group comparisons: 
1) morbidly obese (n=14), 
2) obese (n=18)
3) non-obese (n=20)
Sensitivity
Positive predictive value
Contraction consistency index
Correlation with BMI and abdominal 
circumference

+ Study approval
+ Informed consent
- One of the authors is initiator 
of Nemo Healthcare. This author 
has no financial interest in the 
company.

(3) EHG FROM USERS’ PERSPECTIVES 

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Reinhard 
2011

144 Term & preterm labour
GA: range 35-42wk, average 
39wk
Singleton fetus

Not described TOCO AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

1 bipolar signal Not described Average duration:
254 min in 1st stage (n=143) 
48 min in 2nd stage (n=93) 
Criteria for adequate and 
inadequate tracings 
Random quality assessment by 4 
blinded gynaecologists

Interpretability: Adequate or 
inadequate
Assessment scale: 1) Easy,
2) Intermediate, 3) Difficult
Contraction frequency
Inter/intra observer variation
Comparison 1st/2nd stage

+ Informed consent
- Study approval not described.
- One author is director of Monica 
Healthcare.

Hadar 
2015

43 Term labour
Singleton fetus
IUPC for obstetric 
indications

Withdrawal 
informed consent 
(n=2)

IUPC and 
TOCO

EUM 100 monitor, 
OB-Tools Ltd, Migdal 
Haemek, Israel

9 monopolar 
signals

Not described 90 min average duration (2x30 
min 1st stage and 1x30min 2nd 
stage) 
Three blinded independent 
expert reviewers.

Interpretable tracings
Positive percent agreement
Sensitivity
Positive predictive value
False positive ratio
Contraction frequency
Contraction timing

+ Study approval
+ Informed consent
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TABLE 1 - Continued

(3) EHG FROM USERS’ PERSPECTIVES  (CONTINUED)

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Euliano 
2016

105 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

Vaginal bleeding
Uterine scar
Signs of intra-
uterine infection

UPC and 
TOCO

General use 
amplifier, unspecified 
producer

4 monopolar 
signals

<10 kΩ Average duration:
51 min in 1st stage (n=102) 
58 min in 2nd stage (n=31)  
Web-based application 
Four blinded clinicians 
(2 obstetricians & 2 nurses)

Interpretability
Positive percent agreement
Consistent contractions
Sensitivity
False positive ratio
False negative ratio
Contraction timing
Obesity analysis: BMI ≥30

+ Study approval
+ Informed consent
- Some authors have patents on 
the described technology and/or 
are employees of the company.

(4) EHG FOR PREDICTING TERM LABOUR OUTCOME

Study N Inclusion criteria Exclusion criteria Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Euliano 
2009

36 Case-control study: 
Caesarean delivery for term 
labour arrest vs. vaginal 
delivery
Singleton fetus
Cephalic presentation
Matching 1:2, for GA, 
BMI, parity, induction, 
comparable dilation

Uterine scar
Other reasons for 
caesarean delivery 
than labour arrest
Unusable data 
(n=2)
Lack of matching 
controls (n=2)

IUPC in 11/12 
of caesarean 
delivery 
group,
other 25 
TOCO

Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 30 min duration
Contraction subdivided in:
T1 = onset to peak
T2 = peak back to baseline
Contractions patterns in vertical 
direction: 
1) Toward lower uterine segment 
(LUS)
2) Toward the fundus

Comparison 2 groups:
1) Caesarean delivery for labour 
arrest, ≥ 5 cm (n=12)
2) Vaginal delivery, dilation >1cm/h. 
(n=24)
Analyses of the vertical direction of 
the uterine activity centre  

+ Study approval
+ Informed consent
- Some authors are employees of 
Convergent Engineering and some 
authors are listed on patents filed 
for some of described technologies.

Vasak
2013

119 Term labour
Nulliparous
Spontaneous onset
Singleton fetus
Cephalic presentation

Suspected 
congenital or 
chromosomal 
abnormalities

None AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

4 active electrodes, 
unspecified 
derivation

<5 kΩ 219-370 min average duration
EHG power density spectrum 
computation

Power density spectrum in:
1) Vaginal delivery without labour 
augmentation (n=32)
2) Vaginal delivery with labour 
augmentation (n=73)
3) Caesarean delivery for 1st stage 
labour arrest (n=14)
Sub analysis comparing before/after 
oxytocin

+ Study approval
+ Informed consent
- Monitors were provided 
by Monica Healthcare, as an 
unrestricted grant.
+ No conflicts of interest.

Vasak 
2017

141 Term labour
Nulliparous
Induction of labour
Singleton fetus
Cephalic presentation

Suspected 
congenital or 
chromosomal 
abnormalities

None AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

4 active electrodes, 
unspecified 
derivation

<5 kΩ 219-602 min average duration 
EHG power density spectrum 
computation

Power density spectrum in: 
1) Vaginal delivery without oxytocin 
(n=10)
2) Vaginal delivery with oyxtocin 
(n=113)
3) Caesarean delivery for 1st stage 
labour arrest (n=18)
4) Spontaneous onset of labour 
vaginal delivery without oxytocin 
(n=32)

+ Study approval
+ informed consent
- Monitors were provided 
by Monica Healthcare, as an 
unrestricted grant.
+ No conflicts of interest.

AUC = area under the curve; BMI = body mass index; GA = gestational age; IUP = intra-uterine pressure; IUPC = intra-uterine pressure catheter; mmHg = 
millimetre of Mercury; MVU = Montevideo units; RMSE = root mean square error; TOCO = external tocodynamometry; μV = microVolts; kΩ = kiloOhm
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TABLE 1 - Continued

(3) EHG FROM USERS’ PERSPECTIVES  (CONTINUED)

Study N Inclusion criteria Exclusion 
criteria

Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Euliano 
2016

105 Term labour
Singleton fetus
Cephalic presentation
IUPC for obstetric 
indications

Vaginal bleeding
Uterine scar
Signs of intra-
uterine infection

UPC and 
TOCO

General use 
amplifier, unspecified 
producer

4 monopolar 
signals

<10 kΩ Average duration:
51 min in 1st stage (n=102) 
58 min in 2nd stage (n=31)  
Web-based application 
Four blinded clinicians 
(2 obstetricians & 2 nurses)

Interpretability
Positive percent agreement
Consistent contractions
Sensitivity
False positive ratio
False negative ratio
Contraction timing
Obesity analysis: BMI ≥30

+ Study approval
+ Informed consent
- Some authors have patents on 
the described technology and/or 
are employees of the company.

(4) EHG FOR PREDICTING TERM LABOUR OUTCOME

Study N Inclusion criteria Exclusion criteria Comparison 
method

Device and 
software 

Number & type of 
derivations

Measurement 
skin impedance

Signal duration per patient 
and analysis

Outcome parameters Ethical considerations

Euliano 
2009

36 Case-control study: 
Caesarean delivery for term 
labour arrest vs. vaginal 
delivery
Singleton fetus
Cephalic presentation
Matching 1:2, for GA, 
BMI, parity, induction, 
comparable dilation

Uterine scar
Other reasons for 
caesarean delivery 
than labour arrest
Unusable data 
(n=2)
Lack of matching 
controls (n=2)

IUPC in 11/12 
of caesarean 
delivery 
group,
other 25 
TOCO

Amplifier for fetal 
ECG extraction, 
unspecified producer 

8 monopolar 
signals

<10 kΩ 30 min duration
Contraction subdivided in:
T1 = onset to peak
T2 = peak back to baseline
Contractions patterns in vertical 
direction: 
1) Toward lower uterine segment 
(LUS)
2) Toward the fundus

Comparison 2 groups:
1) Caesarean delivery for labour 
arrest, ≥ 5 cm (n=12)
2) Vaginal delivery, dilation >1cm/h. 
(n=24)
Analyses of the vertical direction of 
the uterine activity centre  

+ Study approval
+ Informed consent
- Some authors are employees of 
Convergent Engineering and some 
authors are listed on patents filed 
for some of described technologies.

Vasak
2013

119 Term labour
Nulliparous
Spontaneous onset
Singleton fetus
Cephalic presentation

Suspected 
congenital or 
chromosomal 
abnormalities

None AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

4 active electrodes, 
unspecified 
derivation

<5 kΩ 219-370 min average duration
EHG power density spectrum 
computation

Power density spectrum in:
1) Vaginal delivery without labour 
augmentation (n=32)
2) Vaginal delivery with labour 
augmentation (n=73)
3) Caesarean delivery for 1st stage 
labour arrest (n=14)
Sub analysis comparing before/after 
oxytocin

+ Study approval
+ Informed consent
- Monitors were provided 
by Monica Healthcare, as an 
unrestricted grant.
+ No conflicts of interest.

Vasak 
2017

141 Term labour
Nulliparous
Induction of labour
Singleton fetus
Cephalic presentation

Suspected 
congenital or 
chromosomal 
abnormalities

None AN24 monitor, 
Monica Healthcare, 
Nottingham, United 
Kingdom

4 active electrodes, 
unspecified 
derivation

<5 kΩ 219-602 min average duration 
EHG power density spectrum 
computation

Power density spectrum in: 
1) Vaginal delivery without oxytocin 
(n=10)
2) Vaginal delivery with oyxtocin 
(n=113)
3) Caesarean delivery for 1st stage 
labour arrest (n=18)
4) Spontaneous onset of labour 
vaginal delivery without oxytocin 
(n=32)

+ Study approval
+ informed consent
- Monitors were provided 
by Monica Healthcare, as an 
unrestricted grant.
+ No conflicts of interest.

AUC = area under the curve; BMI = body mass index; GA = gestational age; IUP = intra-uterine pressure; IUPC = intra-uterine pressure catheter; mmHg = 
millimetre of Mercury; MVU = Montevideo units; RMSE = root mean square error; TOCO = external tocodynamometry; μV = microVolts; kΩ = kiloOhm
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TABLE 2 - Quality assessment of the EHG diagnostic studies using the QUADAS-2 scale

Risk of bias Applicability concerns

Study Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Term labour EHG IUPC Simultaneous Term labour EHG IUPC 

Maul 2004  5 contractions  5 contractions

Jezewski 2005  TOCO  24h before labour  TOCO

Euliano 2006

Euliano 2007  BMI >34  IUPC or TOCO  BMI >34  IUPC or TOCO

Rabotti 2008

Euliano 2009  Matching  IUPC or TOCO  IUPC or TOCO

Jacod 2010

Reinhard 2011  TOCO  GA 35-42 wk  TOCO

Haran 2012  GA 32-42 wk

Hayes Gill 2012

Alberola-Rubio 2013  

Euliano 2013   GA 33-42 wk

Vasak 2013  No reference  Not applied  No reference

Cohen 2014

Rooijakkers 2014  

Hadar 2015   

Euliano 2016

Vasak 2017  No reference  Not applied  No reference

Vlemminx 2017

Vlemminx 2018

BMI = body mass index; EHG = electrohysterography; IUPC = intra-uterine pressure catheter; TOCO = external 
tocodynamometry; GA = gestational age in weeks  Low risk  High risk  Unclear
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TABLE 2 - Quality assessment of the EHG diagnostic studies using the QUADAS-2 scale

Risk of bias Applicability concerns

Study Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Term labour EHG IUPC Simultaneous Term labour EHG IUPC 

Maul 2004  5 contractions  5 contractions

Jezewski 2005  TOCO  24h before labour  TOCO

Euliano 2006

Euliano 2007  BMI >34  IUPC or TOCO  BMI >34  IUPC or TOCO

Rabotti 2008

Euliano 2009  Matching  IUPC or TOCO  IUPC or TOCO

Jacod 2010

Reinhard 2011  TOCO  GA 35-42 wk  TOCO

Haran 2012  GA 32-42 wk

Hayes Gill 2012

Alberola-Rubio 2013  

Euliano 2013   GA 33-42 wk

Vasak 2013  No reference  Not applied  No reference

Cohen 2014

Rooijakkers 2014  

Hadar 2015   

Euliano 2016

Vasak 2017  No reference  Not applied  No reference

Vlemminx 2017

Vlemminx 2018

BMI = body mass index; EHG = electrohysterography; IUPC = intra-uterine pressure catheter; TOCO = external 
tocodynamometry; GA = gestational age in weeks  Low risk  High risk  Unclear
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QUESTION 1: 

What is the diagnostic value of EHG-based contraction detection relative to IUPC?

For a direct comparison of EHG with IUPC, most studies translated EHG into an ‘IUP- 
estimated’ waveform obtained from dedicated methods for EHG-analysis. Therefore, read-
ers should be aware that the diagnostic value of EHG in most studies was based on an 
‘IUP-estimated’ waveform.  

The EHG diagnostic parameters of interest were sensitivity, positive predictive value (PPV), 
false positive predictive value (false PPV), false negative predictive value (false NPV), and 
the contraction consistency index (CCI). The sensitivity of EHG was derived as the capabil-
ity of this method to capture those contractions that were detected with the gold standard 
IUPC. The PPV and false PPV represented the percentage of contractions in the EHG toco-
gram which are detected or non-detected by IUPC respectively. The false NPV represented 
the percentage of contractions missing in the EHG tocogram which were monitored by 
IUPC. Additionally, the CCI (proposed by Jezewski et al.) entailed a comparison index with 
IUPC.47 A low CCI means that EHG either over- or underestimates the amount of contrac-
tions. Furthermore, the contraction frequency of EHG was evaluated in comparison to IUPC. 
Per study we calculated the average contraction frequency per 10 min of each method and 
the average difference of the contraction frequency between IUPC/EHG/TOCO. 

Furthermore, the ‘IUP-estimated’ waveforms of EHG were compared to IUPC waveforms 
regarding the contraction onset, contraction offset, contraction duration, contraction 
peak timing, and correlation with IUP. Most studies applied a 10%-baseline to represent 
the onset and offset of contractions. The contraction duration was considered as the 
time between the onset and offset, and the contraction peak as the point in time where 
the contraction reached the highest measured value. Finally, the IUP estimation of EHG 
was correlated to the IUPC measured invasively, either directly based on the obtained 
waveform, or from EHG-derived units, such as Montevideo Units (MVU) or the Area 
Under the Curve (AUC). Table 3 summarises all EHG parameters.

Diagnostic parameters
Based on seven studies, EHG revealed a high sensitivity for contraction detection with 
values ranging from 86.0% up to 98.0%.50,55,59-63 Additionally, the PPV ranged between 78.7-
92.0%, thus corresponding to a false positive contraction ratio of 8.0-21.3%.50,55,59-63 The 
CCI of EHG ranged from 75.4% up to 88.0%, described in three studies.33,59,62 Finally, EHG 
entailed a false negative ratio of 9.8-10.3% (Table 3).55,60,62
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TABLE 3 - Diagnostic characteristics of EHG and TOCO for uterine contraction detection during term labour 

Diagnostic parameter EHG (range) TOCO (range)

Sensitivity (%) 86.0 to 98.0 46.0 to 73.6

Sensitivity in obese women (%) 82.0 to 97.2 45.0 to 65.3

Positive predictive value (%) 78.7 to 92.0 67.2 to 86.0

Positive predictive value in obese women (%) 79.2 to 90.6 56.2 to 88.0 

Contraction consistency index (%) 75.4 to 88.0 65.1 to 69.0

Contraction consistency index in obese women (%) 82.0 to 94.0 50.8 to 60.0

False positive predictive value (%) 8.0 to 21.3 2.0 to 32.8

False negative predictive value (%) 9.8 to 10.3 12.3 to 53.0

Contraction duration difference (s) -4.5 to +3.2 +1.7

Contraction timing difference (s) -11.2 to +4.2 -4.7 to +1.9

Contraction frequency difference*
- Mean frequency difference with IUPC (per 10 min)
- Relative frequency difference with IUPC (%)

+0.3 to +0.9
-1.8 to -1.6

-1.1 to +1.2
-50.8 to -31.1 

EHG = electrohysterography; TOCO = external tocodynamometry; IUPC = intra-uterine pressure catheter
All diagnostic parameters of EHG and TOCO were determined in reference to IUPC.
* Depending on the provided data; either number of contractions per 10 or 30 min or number of 
contractions per patient

As EHG has been potentially more prone to artefacts during second stage of labour, two 
studies compared the diagnostic values of EHG in the first and second stage separately. 
Vlemminx et al. showed a decrease in median sensitivity from 91.3% (interquartile range 
(IQR); 88-98) in first stage to 72.8% (IQR; 61-87) in second stage, p=0.03.62 Hayes-Gill et al. 
also found a decrease in sensitivity from 87.8% (95% confidence interval (CI); 84.4-91.2) in 
first stage to 86.3% (95%CI; 82.0-90.6) in second stage, and a decrease in PPV from 81.1% 
(95%CI; 77.4-84.8) in first stage to 74.1% (95%CI; 66.9-81.4) in second stage (p-values not 
provided).55

Contraction frequency
In 4 out of 6 studies, EHG appeared to overestimate the amount of contractions com-
pared to IUPC by 0.3 up to 0.9 contractions per 10 min.55,61-63 A 2% underestimation of the 
contraction frequency was reported in two studies by Euliano et al. (Table 3).59,60

Contraction duration 
In two studies by Euliano et al., a comparable contraction duration of 55.7 and 77.9 s 
versus 56.4 and 74.7 s was reported for EHG and IUPC respectively.56,63 In 2013, Euliano 
et al. reported minor differences in contraction duration as well, with the EHG-derived 
contractions lasting on average 4.5 s less than the reference IUPC (Table 3).59 Haran et 
al. confirmed these results by the strong correlation coefficient, r, found between the 
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contraction duration of EHG and IUPC (r=0.90, p<0.01).51 Yet, only Jacod et al. showed 
conflicting results about correlation of the contraction duration when considering the 
filtered EHG signal envelop (r=0.31, 95%CI; 0.23-0.39).50  

Contraction timing
Timing of the EHG contraction peak has been investigated by six studies.36,55,59-62 In two 
studies, the contraction peak based on ‘IUP-estimated’ waveforms was 4.5 and 8.5 s before 
IUPC.55,61 In Rabotti et al., EHG has been found to precede the IUP by 8.3 to 11.2 s, depending 
on the considered channel.36 Whereas in three other studies, the EHG peak fell slightly 
after IUPC, i.e., 2.0, 2.5 and 4.2 s later.59,60,62 When judging the onset and offset of EHG 
contractions, Euliano et al. observed a similar relationship for the detection of the onset 
(slightly later), while offset was nearly identical.59 These parameters have also been inves-
tigated by Haran et al. who reported a strong correlation in the onset, peak, and ending 
of EHG and IUPC contractions (p<0.01).51

Waveform correlation
The IUP waveform estimated by calculation of the EHG energy showed a strong corre-
lation with the IUPC in the study of Rabotti et al. (r=0.73+0.11, p<0.01) and Rooijakkers et 
al. (r=0.74+0.13, p<0.01).36,38 Lower correlation figures, r=0.45 (95%CI; 0.38-0.52) and r=0.62 
(95%CI; 0.56-0.68) have been reported by Jacod et al. and Euliano et al., respectively, who 
used the filtered EHG signal envelop to estimate the IUP waveform.50,59 When compar-
ing the energy of EHG to the energy of IUP, a good correlation was found by Maul et al. 
(r=0.76, p<0.01)12, and by Haran et al.51, who reported correlation figures r=0.81, p<0.01 and 
r=0.80, p<0.01 for AUC and intensity (in mmHg or MicroVolts (μV)) of IUPC and EHG 
waveforms, respectively. These findings were supported by a third study of Euliano et al.63 
In this study, a correlation coefficient of r=0.80 (p<0.01) was found between EHG-derived 
MVU and IUPC-derived MVU.63 However, in this study, the absolute IUP was shown to be 
underestimated by EHG by 17.0+20.0% for MVU and 8.0+19.0% for AUC in EHG on average, 
and an underestimation occurred in 83.0% and 69.0% of the MVU and AUC calculations, 
respectively. An amplitude mismatch between the IUP estimate and the invasive golden 
standard was reflected in the mean squared errors obtained by Rabotti et al., Rooijakkers 
et al., and by Skowronski et al.38,48,64

TAKE HOME MESSAGE 1:

What is the diagnostic value of EHG-based contraction detection relative to IUPC?
Overall, EHG reveals a high sensitivity for contraction detection during term labour (Table 3). EHG 
detects more contractions compared to IUPC, which results in false positive contractions and a decrease 
of the PPV. The contraction peak timing in real-time EHG can differ several seconds from IUPC (either 
before or after). Additionally, when using EHG to provide quantitative parameters, patient-dependent 
EHG amplitudes correlate well with IUP whereas absolute figures show to underestimate the amplitude. 
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QUESTION 2: 

Can EHG improve external uterine monitoring in comparison to TOCO?

To objectively evaluate the diagnostic value of EHG with TOCO, the IUPC was consid-
ered as the gold standard. As mentioned in paragraph 1, comparison of EHG with IUPC 
or TOCO was mainly performed by using the ‘IUP-estimated’ waveform. Our system-
atic review resulted in five studies with simultaneous measurements of IUPC, EHG and 
TOCO.55,59-62 One study compared EHG to TOCO only.47

Diagnostic parameters
The 86.0-94.2% sensitivity of EHG for contraction detection was overall significantly 
better compared to TOCO by 46.0-73.6%, p<0.01 (Table 3).55,59-62 The mean differences in 
sensitivity between these two external methods ranged from 12.4% up to 44.0%.55,59-62 
Furthermore, Hayes-Gill et al. showed that this difference in sensitivity between TOCO 
and EHG was similar in both first and second stages of labour.55 We found a compara-
ble significant difference in CCI between the external methods of 85.9-88.0% with EHG 
versus 65.1-69.0% with TOCO, p<0.01.59,62 The study of Jezewski et al. directly compared the 
external methods, and found a CCI of 91.0% for EHG.47

The results of other diagnostic parameters (PPV, false PPV and false NPV) between EHG 
and TOCO were not consistent throughout the studies. The study of Hayes-Gill et al. 55 
showed contradictory results compared to three other studies (Euliano et al., Hadar et al. 
and Vlemminx et al.).59,61,62 EHG performed better than TOCO in these three studies, based 
on a higher PPV, less false positive and less false negative contractions. On the contrary, 
in the study of Hayes-Gill et al., EHG reported a lower PPV and more false positive con-
tractions compared to TOCO.55

Contraction frequency
Throughout the included studies, both EHG and TOCO showed different observations 
regarding the contraction frequency compared to IUPC (Table 3). A higher frequency was 
detected in 4/6 studies for EHG, and 1/5 studies for TOCO. A lower contraction frequency 
was reported in 2/6 studies for EHG, and 4/5 studies for TOCO.55,59-63 

In five studies, a direct comparison of the contraction frequency in EHG to TOCO was 
available. In 4/5 studies, EHG measured more contractions compared to TOCO.59-62 Only 
in Hayes-Gill et al. EHG detected 0.3 contractions per 10 min less than TOCO.55 
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Contraction duration
In a direct comparison of EHG and TOCO, Jezewksi et al. reported that the average con-
traction duration of EHG was ‘slightly longer’ than TOCO.47 Euliano et al. also compared 
the contraction duration of EHG and TOCO in two different studies. In 2007 they found 
no significant differences between two uterine monitoring techniques when IUPC was 
intermittently used.56 The average contraction duration was 68.2 s in TOCO versus 76.6 
s in EHG before IUPC placement, and 74.7 s in IUPC versus 77.9 s in EHG afterwards 
(contraction duration difference in Table 3).56 Contrary, when Euliano compared all three 
methods simultaneously, the average contraction duration was 4.5 s shorter in EHG and 
1.7 s longer using TOCO, with IUPC as reference (Table 3).59 

Contraction timing
Five studies evaluated the contraction timing of EHG and TOCO, with the IUPC as ref-
erence method. Most of them (4/5) showed that contraction peaks were slightly earlier 
on the TOCO, varying from 0.6 s up to 4.7 s before the IUPC peak55,59,61,62, whereas only in 
one study the TOCO peaks were 1.9 s later.60 The study results about EHG timing were 
conflicting. In Hayes-Gill et al. and Hadar et al. the EHG peak fell 4.5 s and 8.5 s before 
IUPC respectively55,61, whereas in Vlemminx et al. and in two studies of Euliano et al. these 
peaks were 2.0 s, 2.5 s and 4.2 s after IUPC respectively.59,60,62 When directly comparing EHG 
with TOCO, the average timing difference of the contraction peak in these studies ranged 
between -4 and +4 s. Even larger differences were seen by Jezewski et al. who reported 
that EHG contractions preceded the related TOCO contractions with a main time shift 
of 14 s.47 The group of Euliano et al. also evaluated the onset and offset of the EHG, TOCO, 
and IUPC waveforms. The EHG onset fell after IUPC (like the peak), whereas offset was 
nearly identical in all three methods.59 

Waveform correlation
Waveform matching was performed by Euliano et al. The correlation with IUPC wave-
forms was larger for EHG than TOCO, resulting in a mean correlation coefficient, r, of 
0.62 for EHG compared to 0.38 for TOCO.59 When directly comparing waveforms of the 
external TOCO with EHG as performed by Jezewski et al., a very low correlation (r=0.16) 
between amplitudes and a slightly better correlation for AUC (r=0.46) were detected.47  

TAKE HOME MESSAGE 2:

Can EHG improve external uterine monitoring in comparison to TOCO?
EHG reveals a significantly higher sensitivity for uterine contraction detection during term labour 
compared to TOCO (Table 3). EHG mainly reports a higher contraction frequency than IUPC, while 
TOCO mostly reports a lower contraction frequency than IUPC. The results of other diagnostic 
parameters (PPV, false PPV, false NPV, contraction duration and timing) between EHG and TOCO are 
not consistent throughout the studies.



3

Clinical use of EHG during term labour: A systematic review on diagnostic value, advantages and limitations   |   63

QUESTION 3:

Is EHG capable of improving external uterine monitoring in obese parturients?

The prevalence of maternal obesity has been increasing worldwide.65 A larger subcuta-
neous thickness deteriorates the mechanical interaction between TOCO and the uterine 
muscle, which negatively effects TOCO accuracy and can lead to insufficient monitoring.66 
Therefore, clinical guidelines advise that IUPC’s might be beneficial in women where 
contraction detection by TOCO is difficult because of maternal obesity.4,66 Yet, case 
reports have described severe complications related to IUPC placement.8,67 EHG might 
be a promising alternative for uterine monitoring in obese parturients. The electrical 
currents measured by EHG are potentially less suppressed by the adipose tissue layers. 
This hypothesis has been investigated by six studies which all focused on EHG-based 
monitoring in obese parturients.50,54,56,59,62

From a large database of labouring women, Euliano et al. included EHG measurements 
of 25 women with a Body Mass Index (BMI) of 34 kg/m2 or more. EHG measurements 
before and after IUPC placement were evaluated, therefore comparing EHG to TOCO, and 
EHG to IUPC.56 Their EHG method could identify 95.6% of the TOCO contractions and 
97.2% of the IUPC contractions in these obese women. They calculated the CCI, which 
was reported to be significantly (p<0.01) better for EHG with IUPC (94.0+6.0) than for 
EHG with TOCO (77.0+25.0).56 

Later, two study groups performed prospective simultaneous measurements with all 
three methods, including subgroup analyses in obese women.59,62 When evaluating obese 
women (BMI ≥30 or 35 kg/m2), the sensitivity of EHG (82.0-90.2%) was significantly higher 
than of TOCO (45.8-65.3%).59,62 The study group of Vlemminx et al. also evaluated the 
performance of EHG and TOCO in morbidly obese women based on a BMI of >40kg/m2 

during labour. In these subjects, the median sensitivity was 87.2% with EHG versus 45.0% 
with TOCO, p<0.01.68 Other test characteristics of EHG in obese and morbidly obese 
women, such as CCI and PPV, were at least equally or better than TOCO (Table 3).59,62 

Additionally, several studies investigated the effect of maternal BMI on the performance 
of EHG and TOCO. Both previously mentioned study groups showed a negative correla-
tion between maternal obesity parameters and the performance of EHG and TOCO. In 
Euliano et al., the sensitivity of both external methods showed a negative correlation 
with increasing BMI (EHG r=-0.23, p=0.07 and TOCO r=-0.26, p=0.04).59 The obesity study 
of Vlemminx et al. showed a similar negative correlation of sensitivity with the obesity 
parameters BMI before pregnancy (slope β=-0.32, r=0.24, p=0.083 and TOCO slope β=-1.10, 
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r=0.46, p=0.001), BMI during labour (EHG slope β=-0.38, r=0.27, p=0.057 and TOCO slope 
β=-1.28, r=0.49, p<0.001), and the abdominal circumference (EHG slope β=-0.16, r=0.24, p=0.088 
and TOCO slope β=-0.59, r=0.50, p<0.001).68

Other studies presented contrasting results about this correlation between EHG and 
maternal BMI. In a regression analysis by Cohen et al., uterine contraction recordings 
with EHG and TOCO showed no significant deterioration related to BMI for sensitivity, 
PPV or false PPV.54 When discriminating between different stages of labour, they even 
reported a significant improvement of EHG sensitivity in the first stage of labour as BMI 
increased (p=0.03).54 Jacod et al. also reported that the agreement of EHG with IUPC 
was not influenced by maternal BMI.50 Jacod et al. also reported that the agreement of 
EHG with IUPC was not influenced by maternal BMI.50 Opposite results were shown in 
a regression analysis by Cohen et al. Uterine contraction recordings with both EHG and 
TOCO showed no significant deterioration related to BMI for sensitivity, PPV or false 
PPV.54 When discriminating between different stages of labour, they even reported a 
significant improvement of EHG sensitivity in the first stage of labour as BMI increased 
(p=0.03).54 

TAKE HOME MESSAGE 3:

Is EHG capable of improving external uterine monitoring in obese parturients?
The reported sensitivity of EHG for uterine contraction detection in obese women is significantly 
higher than TOCO (Table 3). The performance of TOCO significantly decreases in case of a higher 
BMI and a greater abdominal circumference; this is non-significantfor EHG. Overall, external uterine 
monitoring in obese women can be significantly enhanced by EHG as it is much less affected by 
maternal obesity than TOCO.
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QUESTION 4: 

What are the users’ and patients’ experiences on EHG-based uterine monitoring?

Four studies evaluated the applicability of EHG from the users’ perspectives.55,58,60,61 Unfor-
tunately, there were no studies evaluating patients’ preferences on uterine monitoring 
techniques, nor analysing the risk on allergic skin reactions due to abdominal electrodes.

In 2011, Reinhard et al. were the first to evaluate clinical application of EHG from the 
perspective of obstetrical caregivers.58 They compared EHG to TOCO tracings during the 
last two hours of the first stage and the whole second stage. Four blinded gynaecologists 
randomly assessed the quality of 30-min tocogram strips as whether ‘adequate’ or ‘inade-
quate’. Overall, a significantly longer portion of EHG strips (average 138.8 min) was judged 
as adequate compared to TOCO (average 119.6 min), p<0.01.58 EHG demonstrated no inade-
quate tracings, while TOCO mainly failed due to inadequate calibration (average 8.1 min) 
or absent recording (average 11.2 min). A similar relationship was seen when comparing 
the first and second stage. Furthermore, in Reinhard et al., the uterine activity strips were 
evaluated for assessment as ‘1=easy’, ‘2=intermediate’, and ‘3=difficult’.58 The obstetrical 
caregivers evaluated monitoring strips significantly ‘easier’ for EHG when compared to 
TOCO. In the first stage, the average score of was 1.2 for EHG and 2.4 for TOCO, and in 
second stage 1.1 for EHG and 2.4 for TOCO.58

The portion of interpretable tracings has also been examined in Hadar et al. by grading 
3x30-min monitoring strips as ‘interpretable’, ‘partially-interpretable’, or ‘un-interpreta-
ble’.61 They found a similar rate of interpretable tracings between physicians for IUPC 
(94.8%, 95%CI; 83.4-96.3) and EHG (87.0%, 95%CI; 80.9-92.7) compared to a significant lower 
value in TOCO (67.5%, 95%CI; 59.4-76.8), p<0.01.61 Similar results on interpretability were 
shown by Euliano et al.60 In first stage 100% of the IUPC and EHG tracings were inter-
pretable, and in second stage 96.5% of IUPC and 98.4% of EHG tracings.60 Conversely, for 
TOCO, 53.5% in first stage and 58.7% in second stage was judged as interpretable (p<0.01).60 
This superiority of EHG for clinical interpretability was supported by the results of the 
positive percentage agreement in three studies.55,60,61 This diagnostic parameter evaluated 
the percentage of time that the external devices generated an interpretable tocogram 
at the same time as IUPC did. This was 97.1-100% for EHG and 54.0-92.9% for TOCO.55,60,61 

Finally, the inter- and intra-observer variation of EHG have been examined in two stud-
ies. The obstetrical caregivers in Reinhard et al. were tested by repeated measurements, 
showing that there was no significant intra-observer variability.58 Yet, their study did 
show significant differences in observations between the obstetrical caregivers regarding 
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the contraction frequency of both external techniques.58 Euliano et al. also evaluated the 
inter-observer variation, which was only significantly different for one nurse who had 
notable higher positive percentage agreement compared to the other three observers.60 
Other test parameters showed no significant differences between observers. 

TAKE HOME MESSAGE 4:

What are the users’ and patients’ experiences on EHG -based uterine monitoring?
When reviewing EHG from users’ perspectives, obstetrical caregivers evaluate EHG tocograms as more 
interpretable and adequate than TOCO. 
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QUESTION 5: 

Can EHG provide parameters for predicting labour outcome, i.e., vaginal or caesarean?

Beside for contraction detection, EHG has also been investigated in the purpose of pre-
dicting the course of term labour. The main goal was to differentiate between inefficient 
contractions leading to caesarean delivery for arrested labour, in comparison to (sponta-
neous) vaginal delivery. This research question has been investigated by two study groups 
that focused on different EHG parameters, i.e., the spatiotemporal patterns by Euliano 
et al. and the power density spectrum (PDS) by Vasak et al.52,53,57 Both studies provided a 
specific EHG parameter to discriminate between vaginal or caesarean delivery. 

In 2009, the group of Euliano et al. investigated the spatiotemporal patterns of uterine 
electrical activity in normal and arrested labours.57 They evaluated a 30-min EHG regis-
tration of 12 women with caesarean delivery for term labour arrest, who were matched 
with two women in the same dilation phase (+1cm of the dystocia) with a normal labour 
curve and a vaginal delivery. The vertical direction of the centre of electrical activity was 
defined for the first time in this study and analysed with labour progression. They found 
a predominantly fundal direction in the patients who delivered vaginally (p<0.01), and 
a predominantly downward direction in the patients with caesarean delivery (p=0.02).57

Vasak et al. focused on the PDS of contractions in nulliparous during spontaneous onset 
of labour (2013) or in case of induction of labour (2017).52,53 Previous research has shown 
that peak frequency of the PDS increases in women at risk of preterm labour, which they 
attributed to the increased conductivity of the myometrium due to more gap junctions and 
increased synchronisation.41 They investigated whether this parameter can also be used 
during term labour to differentiate between normal and protracted labour. In case of spon-
taneous labour, the peak frequency appeared to be significantly lower in the nulliparous 
women delivering vaginally (without oxytocin 0.49 Hz, with oxytocin 0.51 Hz) compared 
to women delivering with caesarean (0.55 Hz).52 Moreover, the mean peak frequency of the 
PDS increased after the onset of administration of oxytocin. On the contrary, in case of 
labour induction they found no differences in the EHG PDS between women who delivered 
vaginally (with or without oxytocin) and women with a caesarean delivery.53

TAKE HOME MESSAGE 5:

Can EHG provide parameters for predicting labour outcome, i.e., vaginal or caesarean?
Two EHG parameters are identified to predict vaginal birth such as an electrical activity pattern 
with more fundal direction, and a lower peak frequency in case of spontaneous labour. However, the 
methods to estimate these parameters are not yet suitable for daily practice. 
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DISCUSSION

EHG is a non-invasive technique for real-time uterine monitoring during term labour, 
which could potentially overcome the drawbacks of current monitoring techniques (i.e., 
IUPC and TOCO). In addition, EHG could provide additional information on the uter-
ine activity pattern by measuring the root cause of uterine contractions (i.e., uterine 
electrical activity). As real-time EHG technologies have become available for use on the 
labour ward, we performed a systematic review on the diagnostic value, advantages, and 
limitations of EHG during term labour. 

Based on the results of this systematic review, EHG revealed a high sensitivity for contrac-
tion detection during term labour, with reported values between 86.0% and 98.0%.50,55,59-62 
Relative to TOCO, improvement of external uterine monitoring accuracy has been 
reported by EHG55,59,61,62, of both non-obese and obese women.56,59,62,68 EHG was also less 
affected by maternal obesity than TOCO.68 When using EHG as real-time method, physi-
cians do need to be aware that the contraction peak timing in EHG might differ several 
seconds from IUPC (either before or after).55,59-62 Additionally, EHG detected more con-
tractions compared to both conventional techniques55,61, which resulted in false positive 
contractions and a decrease of the PPV.50,55,59-62 Patient-dependent EHG amplitudes corre-
lated well with IUP to provide quantitative parameters, while absolute figures showed to 
underestimate the amplitude.12,36,38,50,59,61,63 Furthermore, when reviewing EHG from users’ 
perspectives, obstetrical caregivers evaluated EHG tocograms as more interpretable and 
adequate than TOCO.55,58,60,61 Unfortunately, patients’ experiences were not reported. 
Finally, our review identified two EHG parameters to predict vaginal birth such as an 
electrical activity pattern with more fundal direction and a lower peak frequency in case 
of spontaneous labour.52,57

EHG is evaluated in comparison to TOCO because of its widespread application and to 
IUPC because this is the current gold standard for uterine monitoring. As shown by this 
review, EHG can provide an accurate tocogram of continuous good quality by measuring 
these underlying biopotentials.55,58,60,61 Yet, a direct comparison between IUP and EHG is 
difficult.51 The different nature of each of the uterine monitoring techniques here dis-
cussed (IUPC, TOCO and EHG) should be carefully taken into consideration. 

EHG reflects the sum of the electrical activity in the myometrial smooth muscle cells that 
evoke increasing pressure of the amniotic fluid inside the uterine cavity. Absolute EHG 
traces depend on several factors such as electrode location at the abdomen, distance to 
the myometrium, skin impedance, and other patient-dependent variables.69 Reduction of 
the impedance by skin preparation is essential for proper data acquisition; however, this 
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could cause skin irritation. In addition, most of the currently available EHG-systems do 
not provide wireless connectivity and cannot be applied under wet conditions. Therefore, 
EHG can accurately monitor the uterine activity pattern from the maternal abdomen, 
but absolute figures need to be interpret with caution and there are still some minor 
practical limitations of EHG. 

IUPC, which is still considered as the gold standard, can accurately measure pressure 
variation of the amniotic fluid in mmHg induced by contraction of the myometrium. 
IUPC thus measures an indirect effect (increase IUP) instead of the origin (electrical 
activity) of uterine contractions. Additionally, the accuracy of IUPC measurements can 
be influenced by maternal position, maternal movements, amniotic fluid weight, and/
or atmospheric pressure. For example, insertion of two identical IUPC’s in one uterine 
cavity (either tied together or independently) revealed differences in the pressure peak 
(up to 30-40 mmHg) between the two catheters in both groups.70 Margono et al. also 
revealed pressure differences between a catheter in the upper and the lower part of the 
uterine cavity.71 Furthermore, the invasive IUPC catheters are related to rare although 
severe complications8, and are not free from technical issues such as blockage of the 
catheter or an uninterpretable signal (up to 10% of the cases).51,55 In addition, women are 
less mobile with an IUPC as it can fall out when they walk around. Finally, a large RCT 
and Cochrane review showed no effect on labour outcome by applying IUPC compared 
to TOCO.9,10 Altogether, IUPC can accurately monitor uterine contractions but has some 
shortcomings related to its invasive character and effect on labour outcome.

TOCO is widely accepted for uterine monitoring during term labour. This technique 
consists of an external strain gauge transducer positioned at the maternal abdomen with 
an elastic belt. TOCO provides continuous information on the contraction frequency 
by measuring shape changes of the maternal abdominal wall non-invasively. Wireless 
connections and waterproof models are available with TOCO. However, TOCO has a mod-
erate sensitivity (46.0-73.6%) for uterine contraction detection, and contraction intensity 
is not assessed as the contraction curve depends on the transducer position and interface 
with the uterine muscle. A direct comparison of TOCO to IUPC showed a poor correlation 
coefficient (r) for contraction amplitude (r=0.26) and duration (r=0.27), but a good cor-
relation with the contraction frequency (r=0.75).72 In addition, its accuracy is negatively 
influenced by maternal obesity due to larger distance between the uterus and abdominal 
transducer.59 TOCO requires a tight, uncomfortable belt around the abdomen, and needs 
frequent position modifications as maternal movements affect its position at the abdo-
men. Quality assessment of TOCO monitoring strips reveal a low quality throughout 
labour.58 Only 2% of the TOCO traces during the last two hours of the first stage was of 
good quality, and 30% during the second stage.11 Thus, TOCO can safely provide informa-
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tion on the contraction frequency, however it has a low accuracy and it takes some effort 
to provide a tocogram of continuous good quality.

TABLE 4 – Suggested uses for EHG monitoring

Antepartum: • Maternal obesity
• Induction of labour
• Previous caesarean scar 
• Intra-uterine growth restriction
• True or false (preterm) labour

Intrapartum: • Inadequate monitoring by TOCO
• Non-ruptured membranes
• Non-progressive labour
• Fetal distress

EHG has several advantages compared to the currently used uterine monitoring tech-
niques. EHG is highly sensitive to uterine contraction detection without being invasive. 
In Table 4 we provide an overview of the antepartum and intrapartum indications for 
EHG monitoring. If TOCO does not work adequately, physicians can safely switch to EHG 
as alternative monitoring technique instead of the invasive IUPC. EHG does not require 
ruptured membranes or a certain dilation, and there is no risk of placental damage as with 
IUPC.1,8 EHG might be helpful when an obstetrical caregiver cannot safely rupture the 
membranes (e.g., when the fetal caput is not engaged) but does need to improve labour 
surveillance because of inadequate TOCO monitoring (e.g., during trial of labour after cae-
sarean section or in case of suspected fetal distress). External uterine monitoring in obese 
women can also be improved by EHG.59,62 Maternal obesity is one of the most common 
risk factors during pregnancy, which is related to numerous pregnancy complications 
such as hypertension, pre-eclampsia, gestational diabetes and macrosomia.73 In addition, 
obese women have an increased risk of labour induction and an emergency caesarean 
section (CS).73 Given these additional risks, obese women particularly require close labour 
surveillance. External monitoring can be significantly improved by EHG relative to TOCO 
as the electrical signals measured by EHG are significantly less hampered by abdominal 
fat tissue than the abdominal wall changes measured by TOCO.59 In addition, due to the 
adhesive properties, EHG can provide a more continuous tocogram of good quality which 
has been confirmed by users’ evaluations.58 Overall, EHG can enhance uterine monitoring 
because of its non-invasiveness, adhesive properties and reduced obesity sensitiveness.

EHG-systems measure, on average, more contractions compared to IUPC (0.3 to 0.9 con-
tractions per 10 min). These extra contractions may be related to artefacts as well as to 
the electrophysiological origin of contractions.56,74,75 Artefacts such as the maternal elec-
trocardiogram (>1Hz), maternal breathing movements (<0.3Hz) and pressure/stretch at the 
electrodes are a well-known challenge for electrophysiological measurements.76 Different 
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approaches ranging from simple band-pass filtering to more dedicated algorithms have 
been proposed to mitigate the effect of these artefacts in biopotentials measurements.77,78 
Yet, partial removal may result in false positive contractions. However, based on the 
complex physiology of uterine contractility15,18, the ‘extra’ contractions might be actual 
local activity patterns, which are not globally transferred throughout the whole myome-
trium.50 This results in EHG bursts without increase of the IUP. As clinicians are not able 
to discriminate between these two causes of ‘extra’ contractions, we need to consider the 
effect on interpretation of the cardiotocogram (CTG). According to the FIGO guidelines, 
3-5 contractions per 10 min is considered as normal, and more than 5 per 10 min as abnor-
mal.79 Based on our review, EHG monitors a median of 0.4 extra contractions per 10 min 
in comparison to IUPC61, which results in an average 8-13% increase. This minor increase 
might be clinically irrelevant considering the large inter-observer variability.61,63 Moreover, 
the relation of EHG-based tocograms and FHR patterns has not yet been investigated. 
For now, physicians should balance the diagnostic values of both external methods, i.e., 
an overestimation by EHG or an underestimation by TOCO.56 

The main strength of our systematic review is providing an extended overview of the 
EHG test characteristics for uterine monitoring during term labour that could be useful 
for optimal interpretation of EHG traces in clinics. The summarising table provides phy-
sicians a clear overview. Additionally, general quality of the included diagnostic studies 
is adequate, as most studies compare EHG to the gold standard IUPC and the study 
participants are applicable for our research questions. 

Among the included studies, the technical features broadly differed in terms of signal 
analysis methods, electrode configuration and used equipment. Some applied dedicated 
commercial EHG systems while others used general purpose devices. Each design incorpo-
rated abdominal electrodes for uterine electrophysiological recordings, however number 
and location of electrodes, inter-electrodes distance, use of monopolar or bipolar con-
figuration, and skin preparation varied significantly among studies.33 Additionally, each 
EHG-measurement device was equipped with signal-processing software to enhance 
data quality. Most studies applied a band-pass filter, yet the filter settings were slightly 
varying per study (Table 1). Thus, physicians should be aware of these technical variances 
when reading this review.  

Dissimilarities between studies were also seen regarding the criteria for contraction detec-
tion, probably due to the limited amount of literature on defining uterine contraction 
curves. Moreover, evaluation of contraction waveform was either computer- or expert-
based, which both have pros and cons. Computer-based evaluations are most objective 
and based on strict predefined definitions, yet do not take into consideration that toco-
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grams obtained from different methods (IUPC, TOCO and EHG) have a characteristic 
configuration. Whereas expert-based evaluations are less objective than computer-based 
analysis, yet they do represent daily practice. Furthermore, we assume that obstetrical 
caregivers are better able to recognise false positive contractions due to artefacts than 
computerised analysis.62 While all these technical details were meticulously reported, the 
impact of the technical-methodological discrepancies of the included studies has not 
been critically analysed as it was beyond the scope of the review. However, this might 
have limited the depth of our comparative analysis.

Uterine monitoring during term labour is expected to be among the first clinical appli-
cation of EHG-based technologies. Further research is necessary to assess the clinical 
impact of using the EHG-based CTG. Improvement of the tocogram by EHG enables 
better evaluation of FHR patterns and better adjustments of the oxytocin dosage, which 
could potentially result in improved perinatal outcome. Additionally, clinical implemen-
tation, cost-effectiveness, and patients’ preferences need to be evaluated as well.13,20 As 
we mentioned in the introduction, the costs of EHG are higher than TOCO due to the 
disposable sensors. The EHG-system (PUREtrace module and Graphium patch, Nemo 
Healthcare, Veldhoven, the Netherlands) used by Vlemminx et al. costs about 62 US 
Dollars for one disposable electrode patch which is comparable to about 57 US Dollars for 
one disposable intra-uterine pressure catheter (Koala, Clinical Innovations, Murray, Utah, 
USA). These additional costs of EHG should be balanced to the potential improvement of 
labour outcome and labour management, and thereby whether EHG can be cost-effective.
 
Other EHG applications are currently being considered aiming at improving pregnancy 
and labour outcome. Our paragraph on predicting term labour outcome already revealed 
two specific EHG parameters (a more fundal direction of the electrical activity pattern 
and a lower peak frequency in case of spontaneous labour) which can help obstetrician 
based decision making related to labour induction and management. Other promising 
applications of EHG are to differentiate between false and true labour23, and to evalu-
ate the effect of medical treatments such as tocolytic drugs and labour analgesia.80 For 
example, in the study of Ye et al. on epidural analgesia, EHG activity was initially sup-
pressed after epidural and recovered as labour progressed.81 These EHG-based evaluations 
might be useful to call a halt to the increasing CS rate worldwide, especially due to failed 
induction, non-progressive labour and fetal distress.4,5,82 Further, EHG may also add to the 
diagnosis of special cases such as uterine rupture or placental abruption.83 These are all 
promising applications, yet are currently not available for daily labour care.
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Based on this review, EHG offers obstetrical caregivers a non-invasive and accurate 
method to monitor uterine contractions throughout labour. EHG should be balanced 
against the advantages and disadvantages of the currently available IUPC and TOCO, i.e., 
the accuracy and invasiveness of IUPC versus the inaccuracy and safety of TOCO. Addi-
tionally, waterproof and wireless systems are needed, and patients’ preferences should 
be evaluated. In conclusion, if the widely used TOCO monitor is inadequate, EHG should 
be available on the labour ward to safely improve intrapartum monitoring instead of the 
invasive IUPC. 
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ABSTRACT

Objective: Current uterine monitoring techniques have major drawbacks that could be 
avoided when using electrohysterography (EHG) for uterine monitoring. Recently, a new 
EHG method has been developed, providing a real-time tocogram on standard cardio- 
tocography (CTG) monitors. The diagnostic characteristics of this novel method need 
to be determined and compared to conventional methods. We hypothesised that EHG 
can perform better than external tocodynamometry (TOCO) due to the adhesive 
properties of the contact electrodes (less motion sensitive), and the improved signal 
acquisition through subcutaneous tissue (less obesity sensitive).

Study design: In this prospective diagnostic accuracy study, uterine contractions 
of labouring women were simultaneously monitored by three different monitoring 
techniques: EHG, TOCO, and the intra-uterine pressure catheter (IUPC) as method of ref-
erence. We performed a two-hour measurement during first and/or second stage of term 
labour. The contractions of each method were automatically detected by a computer- 
based algorithm. As the applied method had not been described in literature before, 
an interim analysis was performed to minimise exposure to the invasive pressure 
catheter. The main outcome parameter was the sensitivity of EHG in comparison 
to TOCO for uterine contraction detection, tested by the Wilcoxon signed rank test.

Results: Uterine contractions of 48 term labouring women were simultaneously mon-
itored by EHG, TOCO and IUPC. The study was terminated after the interim analysis 
as the sensitivity of EHG was significantly higher compared to TOCO: median 89.5% 
(interquartile range (IQR); 82-93) and 65.3% (IQR; 53-81) respectively, p<0.001. In a sub-
group analysis of obese women (n=15), the sensitivity of EHG was significantly higher 
than TOCO (median 88.4% (IQR; 79-95) and 45.8% (IQR; 38-61) respectively, p<0.001). 
Whereas in a subanalysis of second stage of labour (n=8), EHG did not perform better 
than TOCO (median 72.8% (IQR; 61-87) and 66.4% (IQR; 46-75) respectively, p=0.225). 
EHG registered 0.4 more contractions per 10 min than IUPC (p<0.001) and 0.5 more 
contractions per 10 min than TOCO (p<0.001). 

Conclusion: EHG has a higher sensitivity for uterine contraction detection than 
TOCO during first stage of labour, in non-obese and obese women. EHG identifies 
more contractions than conventional techniques.
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INTRODUCTION

Uterine monitoring is one of the main intrapartum measurements. Recording of con-
tractions is necessary to monitor labour progress, to evaluate the fetal heart rate (FHR) 
pattern, and to detect excessive uterine activity.1-3 Unfortunately, current methods have 
major drawbacks. 

External tocodynamometry (TOCO) is the present method of choice, being non-invasive 
and easy to apply. Although, its performance is hampered by obesity and maternal move-
ments.4 Bakker et al. found good quality monitoring in only 2% of 41 external recordings 
during the last two hours of first stage, and in 34% of these recordings in the second stage.5 
The current alternative to TOCO is an intra-uterine pressure catheter (IUPC), which 
provides quantitative information.6 However, this invasive method requires ruptured 
membranes and carries rare but serious risks such as placental and uterine perforation.7,8 
For these reasons, an accurate non-invasive alternative to enhance labour assessment is 
desired.

Electrohysterography (EHG) is a promising non-invasive technique which measures the 
uterine electrical currents through contact electrodes at the maternal abdomen.9 Several 
EHG studies have demonstrated a high correlation with the intra-uterine pressure (IUP).10,11 
Mathematical models and technical improvements of the 21st century have enabled EHG 
to be applied as a real-time method for uterine monitoring during term labour.12,13 

The aim of this study is to evaluate the performance of a novel EHG method not described 
in literature before. It entails an innovative EHG technology that provides a real-time 
tocogram on standard cardiotocography (CTG) monitors and is therefore ready for daily 
use. Our hypothesis is that EHG can perform better than TOCO due to the adhesive 
properties of the contact electrodes (less motion sensitive), and the improved signal 
acquisition through subcutaneous tissue (less obesity sensitive).4,14,15 
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MATERIAL AND METHODS

In this diagnostic accuracy study, uterine contractions of pregnant women were simul-
taneously monitored using three tocographic techniques: 1) EHG, 2) TOCO, and 3) IUPC 
as the method of reference. Term labouring women carrying a singleton fetus in cephalic 
presentation were eligible to participate. Labour was defined as ≥3 per 10 min clinical 
contractions and ≥3 cm of dilation.2 Ruptured membranes and internal fetal monitoring 
were required to enable optimal placement of the external methods. Because of IUPC 
use, women at risk of infections were excluded: positive Group B streptococcus (urine 
or vagina), acute/chronic Hepatitis B or C, and HIV positive serology. Other exclusion 
criteria were: suspected placenta or vasa praevia, signs of intra-uterine infection or fetal 
distress, and abdominal dermatologic diseases.

Sensor-tipped IUPC’s were used (Koala, Clinical Innovations, Murray, Utah USA). Before 
insertion, an ultrasound was performed for placental localisation. Once placement in the 
amniotic cavity was established, both external methods were positioned. 

EHG consisted of a single self-adhesive electrode patch connected to a translation module 
(Graphium and PUREtrace, Nemo Healthcare, Eindhoven, The Netherlands) (Figure 1). By 
manual palpation, we determined the optimal uterine interface (usually next to or above 
the umbilicus) and prepared the surface with abrasive sandpaper after which the patch was 
positioned.  We measured the skin impedance (SIGGI II, MedCaT, Klazienaveen, Nether-
lands) and accepted values <5.0 kΩ. Next, data processing was performed by the translation 
module enclosing the following standard principles. Data from two independent electrodes 
were recorded at a 10 Hz sampling rate and combined into a single channel based on a 
physiological model of the myometrial conduction properties.12 The data were further pro-
cessed by digital filtering techniques (which included a band-pass filter between 0.3 and 
0.8 Hz to suppress electrical activity from sources other than the uterus while preserving 
the main contraction power) and converted into a measure for uterine activity correlating 
with the IUP based on a mathematical model described by Rabotti et al.12 The module sent 
the processed signal to a CTG monitor as a ‘normal’ tocogram. 

Finally, the attending nurse placed TOCO after manual palpation, to determine the opti-
mal position of the transducer at the uterine fundus. The nurse wrapped the transducer 
tightly around the abdomen with an elastic belt.

To record three tocograms, we installed two additional CTG-monitors (Avalon FM30, 
Philips Healthcare, Eindhoven, The Netherlands). All monitors were connected to the 
electronic patient record system for data storage and time synchronisation (EZIS, Chip-
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soft, Amsterdam, the Netherlands, sampling frequency: 4Hz). The IUPC output was 
combined with the FHR pattern and displayed to the obstetric team, while TOCO and 
EHG were displayed on an extra monitor. During the two-hour measurement, relevant 
incidents such as maternal movements, vaginal examinations or oxytocin modifications 
were annotated. To simulate standard care, nurses checked TOCO recordings every 30 
min and repositioned if necessary. A registration of at least 30 min was sufficient. When 
two hours were completed, only IUPC was continued until the delivery. 

FIGURE 1 - The applied EHG method.

Left: Abdominal electrode patch and EHG translation module. 
Right: Positioning of the patch at the maternal abdomen, which can be below, next to, or above the umbilicus for 
proper interface with the uterine muscle.
Reprinted with permission from Nemo Healthcare, Eindhoven, The Netherlands.

Contraction detection
We used a computer-based algorithm for contraction detection developed by the Ein-
dhoven University of Technology (MatLab R2016B, MathWorks, Natick, Massachusetts, 
USA). The algorithm (Figure 2), based on earlier literature16-18 and tested before the begin-
ning of our study, was applied on all three methods. In our original protocol we described 
a minimum contraction duration of 30 s.16 While IUPC was our reference method, test 
measurements revealed non-detection of some IUPC contractions. Therefore, the dura-
tion threshold in the protocol was adjusted to 25 s for all three methods. Successive values 
of baseline tone were determined in a 3-min window and shifted with 1-min steps. Sam-
ples were recoded from the lowest to the highest value in each step. Hence, the threshold 
for contraction detection varied along with the amplitude of analysed signals. From the 
lowest 10% of samples, a mean value was calculated. We defined the threshold value by the 
baseline tone plus the value equal to 25% of signal range (i.e., difference between highest 
and lowest value) in the analysed window. The amplitude had to be >2x the threshold 
value (=50%). Furthermore, a contraction was only recognised if lasting 25-180 s above 
the 25% range. The output is available in Figure 2.
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FIGURE 2 – Algorithm and output of the computer-based contraction detection.
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Above: The applied algorithm for contraction detection. From the lowest 10% of samples, a mean value was calcu-
lated. The threshold value was defined by the baseline tone plus the value equal to 25% of signal range (i.e., difference 
between highest and lowest value) in the analysed window. The amplitude had to be >2x the threshold value (=50%). 
Furthermore, a contraction was only recognised if lasting 25-180 s above the 25% range. 
Below: Registration of 30 min with intra-uterine pressure catheter (y-axis in millimetre of Mercury). The peaks are 
marked in seconds from the beginning of the measurement. Underneath the contractions are three rows of blocks. 
From top to bottom, these blocks represent: 1) actual contraction detection, 2) value equal to or more than 50% of 
signal range, and 3) value equal to or more than 25% of the signal range. 
(mmHG = millimetres of Mercury; IUPC = intra-uterine pressure catheter)
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Study outcomes
The primary outcome was the sensitivity of EHG and TOCO for contraction detection 
defined as: true positive contractions in EHG or TOCO / contractions in IUPC * 100. 
We considered contractions as true positive when the contraction top was within 30 s 
from IUPC. Secondary study outcomes were: contraction frequency (per 10 min), positive 
predictive value (PPV), false positive/negative contraction ratio, and the contraction 
consistency index adopted from Jezewski et al.17 A low consistency index means that the 
method over- or underestimates the frequency. Furthermore, we performed secondary 
group comparisons of non-obese to obese women and a comparison of the first and 
second stage of labour. Obesity was defined as a Body Mass Index (BMI) of ≥ 30 kg/m2 
before pregnancy and the second stage of labour as from full dilation.

Statistical analysis
The performance characteristics of the tested EHG method have not been evaluated 
before. The power analysis was therefore based on two prior studies that compared differ-
ent EHG-technologies with both IUPC and TOCO: Euliano 2013 and Hayes-Gill 2012.14,19 As 
the novel EHG method was expected to perform equally or better, we decided to perform 
an interim analysis to minimise the number of women being exposed to the invasive 
IUPC. The sample size was calculated on a mean difference in sensitivity between EHG 
and TOCO of 19% (87% and 68% respectively), with a standard deviation (SD) of 30%.14,19,20 
To detect this difference with a power of 80% and a type I error of 2.5% (for the interim 
analysis), a sample size of 48 women was determined. An independent gynaecologist 
performed the interim analysis.

Normality was tested using the Kolmogorov-Smirnov test. All paired parameters were 
analysed using a paired two-sided t-test for normally distributed data or the Wilcoxon 
signed rank test for not-normally distributed data. Differences between unpaired groups 
have been examined using an unpaired two-sided t-test for normally distributed data and 
the Mann-Whitney U-test for not-normally distributed data. The contraction frequency 
difference between EHG/IUPC and TOCO/IUPC were visualised in histograms. Two-
sided p-values <0.05 were considered statistically significant. Statistical evaluations were 
conducted in SPSS 20 statistics for Windows (IBM, New York, USA). Obstetric parameters 
have been extracted from the patient record. In case of missing data, we only analysed 
the available data. 

Ethical considerations
The Institutional Review Board of Máxima Medical Centre approved the protocol on 
the 15th of July 2014 (NL48951.015.14) and the study was registered in the Dutch trial reg-
ister (NTR5894). All women signed informed consent. Researchers MV and KT recruited 
women exclusively in our hospital and carried out all measurements.
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RESULTS

A total of 48 term pregnant women were enrolled between July 2014 and September 2015. 
The interim analysis was performed in January 2016 and resulted in a p-value of <0.001 
regarding the difference in sensitivity between EHG and TOCO, allowing us to terminate 
the study. 

About 400 women were eligible for inclusion. Common reasons for non-participation 
were: not willing to be confined to bed, anxiety for their first delivery, and the IUPC 
risks. Twelve women signed informed consent, but were not measured because: labour 
went too quick (5/12), women were only willing to participate after epidural (3/12), no 
researcher was available (1/12), a woman was in too much pain (1/12) and in two cases the 
reasons were unknown. Of the 49 started measurements, one participant was excluded 
because she gave birth within the first 30 min of recording. There were no dropouts due 
to technical problems, no women lost during follow-up, no adverse events and no skin 
reactions. Of three women, the body weight during labour was unknown. There were no 
other missing data. The baseline characteristics are available in Table 1. Of the 48 included 
women, 58.5% were nulliparous, 70.8% had induction of labour, and 75.0% had labour anal-
gesia. Figure 3 shows the results of three tocograms in one participant.

FIGURE 3 - real-time uterine monitoring with three different tocographic techniques in one pregnant woman.  
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The figure represents a measurement of 15 min. From top to bottom, the lines represent: fetal heart rate (FHR), 
intra-uterine pressure catheter (IUPC), electrohysterography (EHG) and external tocodynamometry (TOCO).
(AU = arbitrary units; mmHg = millimetres of Mercury; BPM= beats per minute)
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TABLE 1 - Overview of the sociodemographic and clinical characteristics of the pregnant women that were 
simultaneously monitored with EHG, TOCO and IUPC.

Patient characteristic Pregnant women n=48 

Maternal age (y) 31.9+4.1

Race 
   White
   Other 

45 (93.8)
3 (6.3)

Body mass index (kg/m2)
   Before pregnancy
   During measurement

28.5+8.0 
32.8+6.8

Parity
   Nulliparous
   Multiparous

28 (58.3)
20 (41.7)

Gestational age (weeks+days) 39+3 (37+1 - 41+6)

Start of labour
   Spontaneous onset 
   Induction of labour 

14 (29.2)
34 (70.8)

Oxytocin usage
   No
   Yes

12 (25.0)
36 (75.0)

Labour analgesia 
   No analgesia
   Epidural analgesia
   Remifentanil

12 (25.0)
33 (68.8)
3 (6.3)

Duration measurement (min) 105.1 (30-150)

Cervical dilation (cm) 
   Start measurement
   Stop measurement

4.9 (3-10)
7.6 (3-10) 

Mode of delivery 
   Spontaneous vaginal delivery
   Vacuum delivery
   Caesarean delivery

32 (66.7)
7 (14.6)
9 (18.8)

Neonatal birthweight (g) 3 550.2+503.5

Detected contractions (number total)
   IUPC
   EHG
   TOCO

1 902
2 137
1 856

Contraction frequency (number/10min) 
   IUPC
   EHG
   TOCO

3.8+0.7
4.2+0.5*
3.7+0.7

EHG = electrohysterography;  IUPC = intra-uterine pressure catheter; TOCO = external tocodynamometry
Data are mean +standard deviation, mean (range), n, or n (%) unless otherwise specified.
* p<0.001, EHG compared to IUPC and TOCO, two-sided paired student t-test
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The median sensitivity of EHG was 89.5% (interquartile range (IQR); 82-93), which was 
higher than the median sensitivity of TOCO, 65.3% (IQR; 53-81), p<0.001 (Table 2). The 
contraction consistency index, even as the false positive and false negative contraction 
ratio were significantly better in EHG (Table 2). The EHG peak was 2.0 s later than IUPC, 
while the TOCO peak was 0.6 s before IUPC (Table 2).

TABLE 2 - The diagnostic characteristics of EHG for uterine contraction detection during term labour in comparison 
to TOCO, with IUPC as method of reference.

Diagnostic characteristic EHG TOCO Difference p-Value

Sensitivity overall (n = 48) (%) 89.5 (82-93) 65.3 (53-81) 24.2 p < 0.001a

- Sensitivity non-obese women (n = 33) (%) 90.0 (86-93) 73.0 (59-87) 17.0 p < 0.001a

- Sensitivity obese women* (n = 15) (%) 88.4 (79-95) 45.8 (38-61) 42.6 p = 0.001a

- Sensitivity first stage (n = 8) (%) 91.3 (88-98) 69.4 (63-89) 21.9 p = 0.018a

- Sensitivity second stage** (n =8) (%) 72.8 (61-87) 66.4 (46-75) 6.4 p = 0.225a

Contraction consistency index† (n = 48) (%) 85.9 (73-90) 65.1 (52-84) 20.8 p < 0.001a

Positive predictive value (n = 48) (%) 80.8 (64-90) 67.2 (52-86) 13.6 p < 0.001a

False positive contraction ratio‡ (n = 48) (%) 19.2 (10-36) 32.8 (14-48) 13.6 p < 0.001a

False negative contraction ratio‡ (n = 48) (%) 9.8 (6-15) 33.6 (18-52) 23.8 p < 0.001a

Top of contraction (n = 48) (s) 2.0+4.0 -0.6+4.7 2.6 p = 0.002b

EHG = electrohysterography;  IUPC = intra-uterine pressure catheter; TOCO = external tocodynamometry
Data are median with (interquartile range) or mean with + standard deviation (outliers included)
* Maternal obesity was defined as a body mass index of ≥ 30 kg/m2 before pregnancy.
** Second stage was defined as from full dilation.
† Contraction consistency index = true positive contractions in EHG or TOCO / (0.5*(contractions in 
IUPC + contractions EHG or TOCO). 
‡ False positive and false negative contraction ratios = false positive or false negative contractions 
respectively / total contractions in EHG or TOCO *100. 
a Wilcoxon Signed rank test. b Two-sided paired student t-test.

On average, IUPC registered 3.8 contractions per 10 min. The EHG method registered 
0.4/10 min more compared to IUPC (p<0.001) and 0.5/10 min more than TOCO (p<0.001) 
(Table 1). These ‘additional’ contractions in EHG are considered false positive in further 
analyses. In the histograms presenting the difference in contraction frequency of the 
external methods per women, EHG revealed an overall overestimation whereas TOCO 
showed both an over- and underestimation varying per measurement (Figure 4). 
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FIGURE 4 - Histograms showing the average differences in contraction frequency of EHG and TOCO 
by comparison to IUPC.

The vertical line (zero) represents a perfect correlation in number of contractions/10 min between the external 
methods and IUPC. On average, IUPC registered 3.8 contractions per 10 min. EHG registered 0.4 contractions per 
10 min more than IUPC (p<0.001), and TOCO 0.1 contractions per 10 min less than IUPC (p=0.245). 
(EHG = electrohysterography;  IUPC = intra-uterine pressure catheter; TOCO = external tocodynamometry)
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Moreover, the sensitivity differences were consistent in the obesity analyses. EHG per-
formed significantly better than TOCO in both non-obese (n=33) and obese women (n=15) 
(Table 2). Additionally, both techniques showed a decrease of sensitivity in case of mater-
nal obesity, whereas only TOCO was significantly affected: EHG median -1.6%, p=0.374 and 
TOCO median -27.2%, p=0.001 (Table 2 and Figure 5). 

Finally, we compared EHG and TOCO measurements in the first and second stage (n=8). 
The median sensitivity of EHG was significantly lower during the second stage (-18.5%, 
p=0.025), while TOCO was not significantly affected (-3.0%, p=0.123) (Table 2).

FIGURE 5 - Sensitivity EHG and TOCO in pregnant women with and without maternal obesity.

The box plots represent the interquartile range from the 25th till the 75th quartile and the horizontal line in the box 
shows the median. Each box is lined by the minimum and maximum. The circles are cases with outlying values, 
whereas the asterisk is a case with an extreme outlying value. In case of maternal obesity, both techniques showed 
a decrease in median sensitivity, EHG -1.6%, p=0.374 and TOCO -27.2%, p=0.001. 
(EHG = electrohysterography;  TOCO = external tocodynamometry)
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DISCUSSION

EHG demonstrated a high sensitivity for contraction detection and performed better 
than TOCO during the first stage, in non-obese and obese women. Additionally, the 
contraction frequency was higher in EHG compared to both conventional techniques. 

The main strength is the study design. We applied three techniques simultaneously, used 
a computerised analysis for contraction detection, and the women were continuously 
observed. Moreover, unlike earlier studies, our participants were included irrespective of 
the available monitoring technique, such as indication for IUPC use or whether TOCO 
was working properly.14,19,20 Additionally, we are the first to evaluate the performance of 
this real-time EHG technology that can be used on standard monitoring systems. 

We are aware of some limitations. We included more women with induction of labour 
and epidural analgesia which could have increased the sensitivity results. Furthermore, 
the subanalyses were performed in small groups which could compromise the statistical 
power. Yet, post-hoc calculation of the obesity analysis revealed a power of 100% for 
detecting the difference in sensitivity between EHG and TOCO.

Our study results agree with previous EHG studies showing that EHG can improve exter-
nal uterine monitoring compared to TOCO (sensitivity between 86.0% and 94.2% for 
EHG and between 46.0% and 73.6% for TOCO).14,19,21,22 However, each EHG method entails 
numerous technical aspects such as the electrode configuration, the applied filtering 
technique, and the type of skin preparation. Therefore, previous studies are not directly 
applicable to this EHG method.  

IUPC is currently considered as the gold standard. However, IUPC is not 100% reliable 
due to inadequate positioning in the amniotic cavity or due to relocation (especially in 
the second stage).23,24 Furthermore, a randomised controlled trial (RCT) comparing IUPC 
with TOCO revealed no difference in the operative delivery rate.25 Yet, there was a high 
crossover from TOCO to IUPC, especially in obese women, and women with a previous 
uterine scar were excluded. 

Our study reveals that EHG detects more contractions than IUPC. The first explanation 
regards electrical artefacts, due to maternal movements, electrode detachment, and pres-
sure on the patch. The investigated method configures these ‘artefact-based contractions’ 
in a specific waveform, which can be recognised by experienced users (Figure 6). In our EHG 
monitoring strips, we identified 50 artefacts of which 68% could be explained by mechan-
ical causes. Yet, these artefacts covered only 11% of all the additional EHG contractions. 
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Additionally, this first hypothesis is supported by a decreasing EHG sensitivity during the 
second stage. However, with exception of the amplitude in some cases, the EHG contraction 
waveforms did not significantly change during maternal pushing (Figure 7).
 
The second explanation is that EHG reports the origin of contractions (electrical activity) 
instead of the global effect (IUP). These ‘extra’ contractions might represent local elec-
trical activity, which is not conducted throughout the whole myometrium and therefore 
does not change the IUP. During our observations, some women reported pain which 
was accompanied by EHG activity while the IUP did not change. If this theory is correct, 
then EHG could provide extra information which should be considered when interpreting 
EHG-tocograms.

The described EHG method can be easily connected to standard CTG-monitors and pro-
vides a real-time tocogram. The average peak delay is two seconds compared to IUPC 
and is potentially due to data calculation. We consider this delay clinically irrelevant as 
the average contraction duration is one minute and late decelerations start more than 
twenty seconds after the contraction onset.3,26

Our main concern is that the uterine activity awareness might have decreased over years 
by a habituation to inadequate tocograms. Until there is sufficient cervical dilation and 
ruptured membranes for IUPC, TOCO is currently the only available modality. Nonethe-
less, uterine monitoring is a key measure for labour progress and interpretation of the 
fetal condition.1,6 Improvement of uterine monitoring could be of clinical benefit27,28, yet 
the FHR patterns in regard to the EHG tocogram have not been assessed. Therefore, the 
effect on perinatal outcome needs to be further investigated.28,29

In conclusion, EHG is a promising non-invasive alternative for uterine monitoring during 
term labour. 
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FIGURE 6 - Artefact in an EHG tocogram.

  
 

 

 

 

 

 

 

 

 

EH
G [

au
]  

    
    

    
    

    

TIME [S]     

An artefact can be recognised by a small and steep contraction with a horizontal flat top. In this EHG tocogram, 
the middle contraction represents an artefact. 
(AU = arbitrary units; EHG = electrohysterography)

FIGURE 7 – EHG during the second stage of labour.
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The figure represents a study measurement of 30 min. The labouring woman started pushing in the middle of this 
cardiotocogram, after which no significant change of the EHG tocogram was observed. The lines from top to bottom 
represent: intra-uterine pressure catheter (IUPC), electrohysterography (EHG), and external tocodynamometry 
(TOCO). (AU = arbitrary units; mmHG = millimetres of Mercury)
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ABSTRACT 

Objective: To evaluate the influence of maternal obesity on the performance of exter-
nal tocodynamometry (TOCO) and electrohysterography (EHG).

Study Design: In a two-hour measurement during term labour, uterine contractions 
were simultaneously measured by EHG, TOCO, and the intra-uterine pressure catheter 
(IUPC). The sensitivity was compared between groups based on obesity (non-obese/
obese/morbidly obese) or uterine palpation (good/moderate/poor), and was corre-
lated to maternal body mass index (BMI) and abdominal circumference. 

Result: We included 14 morbidly obese, 18 obese, and 20 non-obese women. In mor-
bidly obese women, the median sensitivity was 87.2% (interquartile range (IQR); 74-93) 
by EHG and 45.0% (IQR; 36-66) by TOCO (p<0.001). The sensitivity of EHG appeared to 
be non-influenced by obesity category (p=0.279) and uterine palpation (p=0.451), while 
the sensitivity of TOCO decreased significantly (p=0.005 and p<0.001 respectively). 
Furthermore, the sensitivity of both external methods was negatively correlated with 
obesity parameters, being non-significant for EHG (range p-values 0.057 to 0.088) and 
significant for TOCO (all p-values <0.001).

Conclusions: EHG performs significantly better than TOCO in case of maternal 
obesity. 
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INTRODUCTION

The prevalence of obesity has more than doubled worldwide since 1980. Currently, 20% of 
the women in the European Region and up to 33% of the population in the United States 
are obese.1 The increase of obesity is one of the greatest medical challenges for pregnancy 
and labour care in the 21st century.1 

During pregnancy, obese women are at risk of cardiovascular complications such as 
pre-eclampsia and gestational diabetes.2,3 Moreover, fetal ultrasound is compromised by 
the increased abdominal fatty layers resulting in suboptimal fetal (growth) surveillance.4 
Additionally, there is an increased risk of labour dystocia and emergency caesarean sec-
tion (CS) during labour.5-7 Given these additional risks, obese women particularly require 
close labour surveillance. Unfortunately, these requirements are often impossible to meet 
because external intrapartum monitoring is hampered by obesity.8-10 

Uterine contraction detection is one of the main intrapartum parameters during term 
labour.11 Contractions are routinely monitored using external tocodynamometry (TOCO), 
measuring uterine activity non-invasively and indirectly by responding to external 
abdominal deformations.8 The average sensitivity of TOCO is only 62-74%, which fur-
ther decreases to 51% in case of maternal obesity.12,13 If external uterine monitoring is not 
sufficient, the obstetrician can decide to insert an intra-uterine pressure catheter (IUPC), 
provided that there is sufficient dilation and the membranes are ruptured.10,14 This invasive 
method is currently the gold standard for uterine activity monitoring.8 Unfortunately, 
cases with severe IUPC-related complications such a placental abruption and uterine 
perforation have been described.15,16 

Electrohysterography (EHG) is an innovative technology which could improve external 
uterine monitoring in obese parturients.17,18 EHG measures the uterine electrical activity 
non-invasively.18,19 These electrical currents are theoretically less compromised by abdom-
inal adipose tissue in comparison to the mechanical coupling of TOCO.8 Furthermore, 
EHG consists of adhesive abdominal electrodes, potentially providing more continuous 
monitoring. Based on these advantages of EHG, we evaluated the performance of EHG in 
obese labouring women by comparing it to the performance of TOCO relative to IUPC. 
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MATERIALS AND METHODS

We performed a prospective diagnostic study for uterine contraction monitoring in preg-
nant women during term labour. The Medical Ethics Committee of Máxima Medical Centre 
approved the study protocol on 15th July 2014 (NL48951.015.14) and the study was registered 
in the Dutch trial register (NTR5894). All patients were recruited in our hospital from July 
2014 until June 2016 and signed informed consent before start of the simultaneous meas-
urements with three tocographic methods: IUPC, EHG and TOCO. Further detail on the 
study design and methods have been reported before pertaining to the general EHG test 
characteristics.20 We here report our obesity analyses for which we included 4 additional 
morbidly obese women to achieve sufficient power (see section statistical analysis). 

We included pregnant women with a gestational age between 37 and 42 weeks, in term 
labour, carrying a singleton fetus in cephalic presentation. Labour was defined as clinical 
contractions (≥3 per 10min) and at least 3 cm of dilation.21 Ruptured membranes were 
required for insertion of an IUPC and internal fetal heart rate (FHR) monitoring was 
required in order to assure optimal placement of TOCO and EHG at the maternal abdo-
men. We excluded women at increased risk of infections, with signs of fetal distress, or 
with contra-indications for IUPC or the EHG patch. Full details on the exclusion criteria 
are available in our earlier publication.20

In our hospital, TOCO is the standard method for uterine contraction monitoring. For 
this study, we applied two additional methods during labour: IUPC and EHG. First, an 
ultrasound was performed to locate the placenta after which IUPC was placed (Koala, 
Clinical Innovations, Murray, Utah, USA). Next, the real-time EHG device was positioned. 
We applied a single abdominal patch for recording of the uterine electrical currents con-
nected to a translation module containing the hardware and software for data acquisition 
(Graphium and PUREtrace, Nemo Healthcare, Eindhoven, The Netherlands).20 This EHG 
method has acquired Conformité Européenne (CE) and Food and Drug Administration 
(FDA) approval. The abdominal surface was prepared with abrasive paper and checked 
for skin impedance (SIGGI II, MedCaT, Klazienaveen, Netherlands, target value <5kΩ). 
Subsequently, a patch featuring two recording electrodes was placed on the maternal 
abdomen, next to or above the umbilicus depending on adequate uterine interface. The 
electrophysiological data were band-pass filtered between 0.3 and 0.8 Hz to suppress 
electrical activity from sources other than the uterus and were converted into a real-time 
tocogram, based on a mathematical model described by Rabotti et al.22 Finally, the TOCO 
was optimally positioned at the uterine fundus by the attending nurse, and the elastic 
belt was tightly wrapped around the abdomen. Nurses checked the TOCO every 30 min, 
and repositioned if necessary.
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Three CTG-monitors (Avalon FM30, Philips Healthcare, Eindhoven, The Netherlands) were 
applied to record the tocograms of all techniques in real-time. IUPC and EHG were directly 
connected, and for TOCO a wireless connection was used due to logistic constraints. All 
data were stored automatically in the electronic patient record system including time syn-
chronisation (EZIS, Chipsoft, sampling frequency: 4Hz). The main researchers (MV and KT) 
performed all study recordings which included measurement of abdominal circumference 
at height of the umbilicus and assessment of uterine palpation by using a subjective scale 
of good, moderate, or poor. All participants were monitored and observed for at least 30 
min up till 120 min, and relevant events such as vaginal examinations and maternal move-
ments were annotated by the researchers. Once two hours were completed, we removed 
the external devices and IUPC remained until the end of the delivery. 

Study outcomes
The sensitivity of EHG and TOCO for contraction detection in morbidly obese women 
(body mass index (BMI) ≥40kg/m2) was the main outcome parameter, with IUPC as the 
method of reference. The sensitivity was calculated per patient for the entire measure-
ment period as the proportion of contractions by IUPC also detected by EHG and TOCO 
respectively. Contractions were considered as correct positive if the contraction peak of 
the external methods was within 30 s of the IUPC peak. Secondary diagnostic parameters 
(defined in Vlemminx et al.20) were the positive predictive value (PPV), the contraction 
frequency per 10 min, and the contraction consistency index (CCI).23 Furthermore, we 
calculated the false positive and false negative contraction ratios, expressed per 100 con-
tractions in EHG or TOCO. 

As a secondary analysis, we assessed the influence of obesity parameters on contraction 
detection. First, the sensitivity of EHG and TOCO was compared in subgroups of non-
obese (BMI <30kg/m2), obese (BMI ≥30 to <40 kg/m2) and morbidly obese (BMI ≥40 kg/m2) 
women. We used the BMI values based on the final reported weight before labour. Second, 
we compared groups of women being assessed as good, moderate, or poor uterine palpa-
tion during labour. Third, the relation of the maternal BMI and abdominal circumference 
with the sensitivity of EHG and TOCO was assessed by linear regression, with BMI or 
abdominal circumference as the independent variable.

To assure an objective assessment of contraction detection, we applied a blinded computer- 
based algorithm (MATLAB, R2016B, MathWorks, Natick, Massachusetts, USA) which was 
developed by the Eindhoven University of Technology. The algorithm was based on pre-
vious literature, and was tested and customised before start of the study measurements.23 
We applied the same algorithm for all three methods. For the criteria and the output of 
the computer-based algorithm, see Vlemminx et al.20
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Statistical Analysis
For this obesity study, a total of 52 pregnant women were included. We used the data 
of 48 participants included in our general diagnostic study, subdivided in 20 non-obese, 
18 obese, and 10 morbidly obese women.20 However, as described in our study protocol 
beforehand, we wanted to achieve sufficient power to compare the sensitivity of EHG 
and TOCO in the morbid obesity group. Therefore, we performed a second sample size 
calculation based on the study results of Euliano et al.12 In their group of obese women 
(BMI ≥35 kg/m2), the sensitivity of EHG was 82% (standard deviation (SD) 27%) and with 
TOCO 51% (SD 30%). Additionally, we assessed the TOCO curves of all morbidly obese 
women (BMI ≥40 kg/m2) in our hospital during 2013. Adequate TOCO registration ranged 
from 0 to 60% during labour, which was defined as a recognisable pattern of contractions 
each 15 min in disregard of inadequate calibration. These previous data resulted in our 
sample size calculation for the morbid obesity group. We assumed a sensitivity of 80% 
(SD 30%) for EHG and 45% (SD 30%) for TOCO resulting in 14 morbidly obese to detect 
this difference with a power of 80% and a type I error of 5%. Thus, next to the 10 morbidly 
obese women who were already included in our general study, an additional 4 morbidly 
obese women were required. 

Comparison of EHG and TOCO diagnostic values were statistically tested in morbidly 
obese women by using the Wilcoxon signed rank test for non-normally distributed data. 
For the comparison of the results across non-obese/obese/morbidly obese groups and 
across women with good/moderate/poor uterine palpation, the Kruskal Wallis Test was 
used for non-normally continuous data, and the Fisher’s exact test for categorical varia-
bles. Furthermore, the correlation between BMI and abdominal circumference with the 
sensitivity was described by a linear regression and the Pearson-correlation coefficient.

Two researchers (KT and MV) collected all data using a structured surveillance form. 
Additionally, the obstetric outcome parameters were extracted from the electronic 
patient record system. Statistical analyses were performed in IBM SPSS 20 statistics 
for Windows (New York, USA). Two-sided p-values of less than 0.05 were considered as 
statistical significant.
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RESULTS

From July 2014 till June 2016, 14 morbidly obese, 18 obese, and 20 non-obese women 
were included. The sociodemographic and clinical characteristics of these women are 
presented in Table 1. There were no significant differences between the obesity groups, 
apart from BMI values before pregnancy and during labour, abdominal circumferences, 
and uterine palpation category. The abdominal circumference of one woman and the 
final body weights of three women were unknown. Therefore, we considered their pre- 
pregnancy weight as well as their final pregnancy weight, which concerned BMI values 
of 20, 42 and 48. There were no other missing data. We did not have any (serious) adverse 
events or dermatologic skin reactions. 

In the morbidly obese women, the median sensitivity of EHG was 87.2% (interquartile 
range (IQR); 74-93) for contraction detection, which was significantly better than that 
of TOCO of 45.0% (IQR; 36-66). All other diagnostic parameters such as PPV, CCI, false 
positive and false negative contraction ratio were also significantly better for EHG than 
for TOCO (Table 2). 

The diagnostic values of EHG and TOCO were also compared between groups of non-
obese, obese, and morbidly obese pregnant women (Table 3). Concerning EHG, the 
sensitivity and PPV medians did not significantly differ between these three groups. 
On the contrary, the median sensitivity of TOCO was significantly reduced by obesity 
(p=0.005) with 12.4% reduction from non-obese to obese, and 32.7% reduction from non-
obese to morbidly obese women. A similar decreasing trend was found for the PPV of 
TOCO (p=0.059) with 10.3% reduction between non-obese and obese, and 21.3% reduction 
between non-obese and morbidly obese women (Table 3). When directly comparing the 
performance of TOCO and EHG in the group of obese women, the sensitivity of TOCO 
(median 65.3%) was significantly lower than EHG (median 90.2%), p<0.001 (Table 3). 
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TABLE 1 -  Sociodemographic and clinical characteristics of non-obese (BMI <30 kg/m2), obese (BMI  ≥30 to <40 kg/m2) and morbidly obese 
(BMI ≥40 kg/m2) pregnant women simultaneously monitored with EHG, TOCO and IUPC. Groups are defined on BMI values during labour.

Description Morbidly obese 
(n=14)

Obese 
(n=18)

Non-obese 
(n=20)

Significance

BMI (kg/m2)
   Before pregnancy
   During measurement *

41.7+3.1
44.7+2.5

28.7+3.8
34.0+2.4

21.8+2.1
26.3+2.6

p<0.001 †
p<0.001 †

Maternal age (y) 30.7+4.6 33.7+4.4 30.7+3.5 p=0.090 †

Race
   Caucasian
   Other 

13 (93)
1 (7)

16 (89)
2 (11)

19 (95)
1 (5)

p=0.723 ‡

Parity
   Nulliparous
   Multiparous

8 (57)
6 (43)

9 (50)
9 (50)

12 (60)
8 (40)

p=0.644 ‡

Gestational age (wk+d) 39wk+3d 39wk+3d 39wk+5d p=0.696 †

Start of labour
   Spontaneous onset 
   Induction of labour 

6 (43)
8 (57)

4 (22)
14 (78)

6 (30)
14 (70)

p=0.466 ‡

Oxytocin usage
   No
   Yes

4 (29)
10 (71)

5 (28)
13 (72)

5 (25)
15 (75)

p=1.000 ‡

Labour analgesia 
   No analgesia
   Epidural analgesia
   Remifentanil

6 (43)
7 (50)
1 (7)

5 (28)
11 (61)
2 (11)

4 (20)
16 (80)
0 (0)

p=0.270 ‡

Duration measurement (min) 111.5+20.1 103.1+36.2 100.8+27.9 p=0.895 †

Cervical dilation (cm) 
   Start measurement
   Stop measurement

5.3+2.1
7.3+2.7

4.8+2.1
7.5+2.9

5.1+1.9
8.0+2.1

 
p=0.488 †
p=0.669 †

Mode of delivery 
   Spontaneous vaginal delivery
   Vacuum delivery
   Caesarean section

10 (72)
1 (7)
3 (21)

14 (78)
1 (5)
3 (17)

12 (60)
5 (25)
3 (15)

p=0.559 ‡

Abdominal circumference (cm) § 140.5+11.1 117.7+7.2 102.3+6.9 p<0.001 †

Palpation uterus
   Good
   Moderate
   Poor

1 (7)
0 (0)
13 (93)

5 (28)
7 (39)
6 (33)

16 (80)
4 (20)
0 (0)

p<0.001 ‡

Contraction frequency (/10 min) 
   IUPC
   EHG
   TOCO

3.8+0.5
4.1+0.5
3.3+0.6

3.8+0.8
4.3+0.6
3.9+0.6

3.8+0.8
4.2+0.5
3.9+0.7

p=0.995 †
p=0.277 †
p=0.074 †

BMI = body mass index; EHG = electrohysterography;  PPV = positive predictive value; TOCO = external tocodynamometry
Data are mean +standard deviation, median (range), n, or n (%) unless otherwise specified.
*  In three women, BMI during labour are missing (values of 20, 42 and 48 before pregnancy)
† Kruskal Wallis Test. 
‡ Fisher’s Exact Test. 
§ In one woman, the abdominal circumference during labour is missing (from the non-obese group)
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TABLE 2 -  The diagnostic values of EHG and TOCO in morbidly obese women (BMI  ≥40 kg/m2); with IUPC as the method 
of reference. (n=14)

Description EHG TOCO Difference Significance

Sensitivity (%) 87.2 (74-93) 45.0 (36-66) 42.2 p=0.002 *

Contraction consistency index (%) 83.7 (67-90) 50.8 (37-66) 32.9 p=0.002 *

Positive predictive value (%) 80.9 (61-88) 56.2 (41-73) 24.7 p=0.005 *

False positive contraction ratio (%) 19.1 (12-39) 43.8 (27-59) 24.7 p=0.005 *

False negative contraction ratio (%) 12.7 (7-23) 64.9 (35-87) 52.2 p=0.002 *

BMI = body mass index; EHG = electrohysterography;  PPV = positive predictive value; TOCO = external 
tocodynamometry
Data are medians with interquartile range
* Wilcoxon signed rank test

TABLE 3 - Sensitivity and positive predictive value of EHG and TOCO in subgroups of non-obese (BMI <30 kg/m2), obese 
(BMI  ≥30 to <40 kg/m2) and morbidly obese (BMI ≥40 kg/m2) women. 

Description Morbidly obese 
(n=14)

Obese
(n=18)

Non-obese 
(n=20)

Significance

Sensitivity EHG (%) 87.2 (74-93) 90.2 (87-97) 89.9 (83-93) p=0.297 *

Sensitivity TOCO (%) 45.0 (36-66) 65.3 (60-79) † 77.7 (57-90) † p=0.005 *

PPV EHG (%) 80.9 (61-88) 79.2 (70-91) 81.0 (62-93) p=0.884 *

PPV TOCO (%) 56.2 (41-73) 67.2 (54-80) ‡ 77.5 (61-92) ‡ p=0.059 *

BMI = body mass index; EHG = electrohysterography;  PPV = positive predictive value; TOCO = external 
tocodynamometry
Data are median with (interquartile range)
BMI values were determined on the final pregnancy weight before labour. 
* Kruskal Wallis test
† Sensitivity of TOCO was significantly lower than EHG in both non-obese and obese women (p<0.001)
‡ PPV of TOCO was lower than EHG in obese women (p=0.006), and in non-obese women (p=0.277)
† and ‡ Wilcoxon signed rank test

We also divided all participants in groups based on our uterine palpation assessment, 
thereby providing an additional parameter for abdominal obesity. There was no difference 
in EHG sensitivity between these groups (median sensitivity 90.6%, 86.4% and 89.3% 
respectively, p=0.451) whereas there was a significant decrease of TOCO sensitivity when 
the uterus was less adequately palpable (median sensitivity 80.3%, 69.0% and 46.9% respec-
tively, p<0.001) (Figure 1).
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FIGURE 1 - Sensitivity of EHG and TOCO for uterine contraction detection in women with good, moderate, or poor 
uterine palpation. 

The box plots represent the interquartile range from the 25th till the 75th quartile and the horizontal line in the box 
shows the median. Each box is lined by the minimum and maximum. The circles are cases with outlying values, 
whereas the asterisk is a case with an extreme outlying value. No significant differences between groups were found 
for EHG sensitivity (median sensitivity 90.6%, 86.4% and 89.3% respectively, p=0.451), while TOCO showed a 
significant decrease in sensitivity when the uterus was less adequately palpable (median sensitivity 80.3%, 69.0% 
and 46.9% respectively, p<0.001) (tested by Kruskal Wallis).
(EHG = electrohysterography;  TOCO = external tocodynamometry)

Finally, the maternal BMI and abdominal circumference were correlated with the sensi-
tivity values of both external methods. With increasing BMI before pregnancy, both EHG as 
well as TOCO revealed a decreasing sensitivity which was non-significant for EHG (slope 
β=-0.32, r=0.24, p=0.083) and significant for TOCO (slope β=-1.10, r=0.46, p=0.001) (Figure 2). 
Comparable results were found for the relation of the BMI during labour (EHG sensitivity 
slope β=-0.38, r=0.27, p=0.057 and TOCO sensitivity slope β=-1.28, r=0.49, p<0.001), and the 
abdominal circumferences of our participants during labour (EHG sensitivity slope β=-0.16, 
r=0.24, p=0.088 and TOCO sensitivity slope β=-0.59, r=0.50, p<0.001) (Figure 2).  
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FIGURE 2 - Correlation of obesity parameters with the sensitivity of EHG and TOCO (n=52). 

Above: correlation with the maternal BMI before pregnancy. 
Below: correlation with the abdominal circumference during labour.
(EHG = electrohysterography;  TOCO = external tocodynamometry)
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DISCUSSION 

In this obesity study, external uterine contraction detection in morbidly obese women 
was better achieved by EHG than by TOCO. When comparing morbidly obese women 
with groups of obese and non-obese women, the sensitivity of EHG appeared to be 
non-influenced, whereas TOCO sensitivity significantly decreased in case of maternal 
obesity. Furthermore, our results showed that increasing maternal BMI and abdominal 
circumference are related to a sensitivity decrease of both external methods. This corre-
lation was only significant for TOCO.

The main strength is that our diagnostic study is powered to compare sensitivity of EHG 
to TOCO in morbidly obese women thereby providing sufficient power for this specific 
group. Moreover, our study design offers a direct comparison of all three currently avail-
able uterine monitoring techniques, including computer-based contraction detection to 
minimise observer bias. Additionally, we provided detailed reports of all measurements 
as we continuously observed all study participants.

The study has the following limitations. Due to our eligibility procedure at the labour 
ward, we included a relatively large percentage of women with epidural analgesia (65%). 
This could positively influence the sensitivity results because women with epidural 
analgesia are less restless throughout labour (restless was observed in 67% (10/15) of 
the women without epidural compared to 12% (4/34) of the women with epidural), and 
are therefore less at risk of mechanical artefacts. However, the use of epidural analgesia 
was less predominant in the morbidly obese group (50%) probably because we actively 
recruited most of the morbidly obese women from the outpatient clinic instead of at 
the labour ward. 

We are also aware that we measured only two hours during the dilation and/or expul-
sion phase. On ethical grounds, we limited the duration to two hours because the study 
measurements were quite intensive for the participants. Furthermore, the sample size was 
not calculated for obesity category or uterine palpation comparisons, resulting in small 
groups for these subanalyses. Post-hoc power calculation however revealed a power of 
96% for detecting the sensitivity difference of TOCO between non-obese and morbidly 
obese women. 

As obesity increases worldwide, this study describes an important challenge in women’s 
health. Maternal obesity is one of the most common risk factors during pregnancy, which 
is related to gestational diabetes, macrosomia, hypertension, and pre-eclampsia.2 A linear 
correlation between increasing BMI and hypertensive disorders is described.24 Moreover, 
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fetal ultrasound is compromised by obesity resulting in suboptimal fetal growth sur-
veillance and screening for fetal anomalies.4 Therefore, even before labour begins, obese 
women and their unborn children have several additional risk factors. 

During labour, the magnitude of risk management expands even further. First, labour of 
obese women is more commonly induced because of pregnancy complications.2 Addi-
tionally, a higher risk of dysfunctional labour, fetal distress, and caesarean section is 
described.3,5-7 Obstetricians do not prefer to perform a caesarean delivery in (morbidly) 
obese women due to surgical and anaesthetic difficulties.3 Obstetrical caregivers therefore 
aim to prevent a CS. Labour monitoring can be optimised by invasive methods such as 
IUPC and fetal scalp recording.8,11 Unfortunately, case reports have described major IUPC 
complications.15 With EHG, we can enhance maternal and fetal labour surveillance in the 
obese parturient without applying invasive techniques.

Our study has demonstrated that EHG performs significantly better than TOCO in (mor-
bidly) obese women, and that it is not significantly influenced by increasing BMI. Our 
results are comparable with the results of Euliano et al.12 In their obesity analysis, sensitiv-
ity of EHG decreased with -11% (from 93% to 82%, p=0.10), whereas TOCO decreased with 
-16% (from 67% to 51%, p=0.03). They also demonstrated that as BMI increased, sensitivity 
values reduced in both TOCO (r=-0.26, p=0.04) as EHG (r=-0.23, p=0.07), which was only 
significant for TOCO.12 However, the described EHG method of Euliano et al. could not 
be connected to standard fetal monitoring systems. Opposite results were shown by 
Cohen et al.25 Both external methods in their study showed no significant trend related to 
maternal BMI for the success rate or sensitivity: EHG r=-0.004, p=0.09, and TOCO r=-0.001, 
p=0.842.25 They even described a significant improvement of EHG sensitivity in first stage 
of labour as BMI increased (p=0.025). These results might be influenced by their inclusion 
criteria, as they described that EHG was only applied ‘once TOCO was working properly’. 

Despite the adequate EHG performances in our obesity study, we are aware that uter-
ine electrical signals are not immune to subcutaneous fatty layers.19,26 Our study results 
have shown a weak correlation (r ranged from 0.24 to 0.27) on the margin of significance 
between EHG sensitivity and several obesity parameters (p-values ranged from 0.06 up 
to 0.09). We positioned the patch at the abdominal zone with the greatest myometrial 
interface which was determined by manual palpation. For example, in our morbidly obese 
population, the patch was positioned above the umbilicus in half of the participants. 
Another challenge is when obese women change position, which alters the inter myome-
trium-electrode position and distance, and could therefore affect the performance of EHG.
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In our group of morbidly obese women, the median EHG sensitivity was 87.2% thus 
approximating the performance of IUPC. However, EHG did not reach adequate diag-
nostic values in all morbidly obese women as the values ranged from 53% up to 96%. 
Therefore, in the few cases that uterine monitoring is inadequate by both EHG and TOCO, 
there should still be place for invasive methods as uterine monitoring is an essential part 
of fetal surveillance. We are also aware that current evidence does not support standard 
IUPC use because a large randomised controlled trial (RCT) comparing TOCO with IUPC 
showed no improvement of obstetric outcome. Remarkably, there was a 12% cross-over 
from TOCO to IUPC, which concerned women with a higher average BMI.27 Hence, we 
agree with the American College of Obstetricians and Gynaecologists that IUPC ‘may 
be beneficial in obese women when contraction monitoring is difficult’.14 Yet, we suggest 
to add that both TOCO and EHG should have been attempted, before applying IUPC. 

In conclusion, EHG can non-invasively improve uterine monitoring in (morbidly) obese 
women. Further research is necessary to evaluate whether application of EHG affects 
obstetric outcome parameters in this high-risk population.  
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ABSTRACT

Objective: To evaluate preferences from patients and users on three uterine monitor-
ing techniques during labour.

Study design: Women in term labour were simultaneously monitored with the 
intra-uterine pressure catheter (IUPC), external tocodynamometry (TOCO) and 
electrohysterography (EHG). Postpartum, these women filled out a questionnaire eval-
uating their preferences and important aspects. Nurses completed a questionnaire 
evaluating users’ preferences. 

Result: Of all 52 participating women, 80.8% preferred EHG, 17.3% IUPC and 1.9% 
TOCO. For these women, EHG scored best regarding application and presence during 
labour (p<0.001). Most important aspects were ‘least likely to harm’ and ‘least discom-
fort’. Of 57 nurses, 40.4% preferred EHG, 35.1% TOCO and 24.6% had no preference or 
replied that their preference is subject to situation and patient. 

Conclusion: Patients prefer EHG over TOCO and IUPC, while healthcare providers 
report ambiguous results. 
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INTRODUCTION 

Annually, more than five million women give birth in the European Union. Most of them 
receive uterine monitoring during labour through external tocodynamometry (TOCO), the 
intra-uterine pressure catheter (IUPC), or electrohysterography (EHG). These techniques 
are compared in several studies,  that mainly focus on diagnostic values, interpretability and 
labour outcomes.1-5 Only one article describes patient- and user- (i.e., healthcare provider) 
satisfaction of two securing methods (belts), both concerning external TOCO devices.6 
Reports on users’ and patients’ preferences of all three uterine monitoring methods  
are still missing, while this topic is becoming more important nowadays. 

Each uterine monitoring technique has advantages and limitations from patients’ and 
users’ perspectives. For example, TOCO measures changes of the abdominal wall non- 
invasively. It is generally applied by nursing staff and wireless connections are developed. 
A problem of this abdominal transducer is signal loss following maternal movements. 
With TOCO, a significant period of absent uterine activity monitoring (complete signal 
loss in 20 out of 42 min of registration) is described.7 To obtain a continuous registra-
tion of good quality, this method requires frequent repositioning of the transducer and 
tightening of the abdominal elastic belt. The alternative external method, EHG, measures 
uterine electrical activity non-invasively by abdominal electrodes that can be applied by 
the nursing staff.8 Due to the adhesive properties, these electrodes are potentially less 
position-sensitive than TOCO. For EHG, reduction of the skin impedance with abrasive 
sandpaper is necessary for proper data acquisition and the abdominal patch needs to 
be removed after the delivery.9 The current gold standard, IUPC, provides a direct and 
accurate measurement of the pressure changes inside the uterine cavity. Therefore it can 
only be used when the membranes are ruptured.10 Moreover, severe IUPC-related compli-
cations have been described, such as placental- or uterine wall perforation.11 In addition, 
the invasive IUPC needs to be inserted by experienced obstetricians or midwives, who 
might not always be available. 

In a separate paper, we described a study with simultaneous recordings of EHG, TOCO 
and IUPC.5 Apart from the presented test characteristics, we wanted to gain insight into 
the patients’ and users’ preferences and characteristics as well, as they should be consid-
ered when opting for uterine monitoring techniques. We hypothesise that both patients 
and users prefer EHG, since this method is non-invasive and less influenced by maternal 
movements.
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MATERIALS AND METHODS 

We performed a prospective diagnostic accuracy study in the Máxima Medical Centre, 
Veldhoven, the Netherlands. Term pregnant women carrying a singleton fetus in cephalic 
presentation were included. Once in active labour, eligible women were simultaneously 
connected to TOCO, IUPC and EHG for two hours. Per patient we used three identical 
cardiotocography (CTG) monitors (Avalon FM30, Philips Healthcare, Eindhoven, The 
Netherlands) to store each real-time tocogram in the Electronic Patient System (Ezis, 
Chipsoft, Amsterdam, The Netherlands). 

First, after ultrasound localisation of the placenta and during vaginal examination, a 
flexible sensor-tipped IUPC (Koala, Clinical Innovations, Murray, Utah, USA) was inserted 
in the amniotic cavity. This was done by an experienced physician or midwife, in pres-
ence of one of the researchers that checked proper placement by asking the woman to 
cough which should result in an increase of the intra-uterine pressure. Second, one of 
the researchers prepared the abdominal skin by abrasive paper to reduce skin impedance, 
and positioned the EHG patch (Graphium, Nemo Healthcare, Eindhoven, The Nether-
lands). The skin impedance was checked with the impedance meter (SIGGI II, MedCaT, 
Klazienaveen, Netherlands). The preparation was considered adequate when values were 
below 5kΩ. The EHG patch was then connected to the translation module for data pro-
cessing (PUREtrace, Nemo Healthcare, Eindhoven, The Netherlands). Third, TOCO was 
placed at the uterine fundus and tied up with an elastic belt. For logistic reasons, TOCO 
was wirelessly connected to the CTG monitor. The researchers were present during each 
measurement, lasting from 30 min up to two hours, to annotate adjustments to any of 
the three techniques. TOCO signal quality was checked by the attending nurses every 30 
min and the position of the TOCO was adjusted if necessary. After two hours, we removed 
TOCO and EHG, while IUPC remained in place until the end of the delivery. 

Evaluation of patients’ preferences was performed by a questionnaire filled out by the 
participating women within a few hours postpartum. The survey entailed three identical 
continuous scale questions for each uterine monitoring technique (IUPC, TOCO and 
EHG) with a 100 mm scale corresponding to ‘not bothering at all’ (0 mm) to ‘very bother-
ing’ (100 mm) regarding: 1-3) positioning, 4-6) presence during labour, and 7-9) removal. 
The actual value of the scale was not visible for the participants but was calculated by 
the researchers afterwards. Additionally, this identical 0 - 100 mm scale was used to 
assess 10) skin preparation for EHG and 11) transducer modifications during labour for 
TOCO. The survey entailed four multiple choice questions: 12) which of the three methods 
women preferred [EHG, TOCO, IUPC], 13) which factors of both external methods they 
considered as being most important [least difficult to position, least discomfort, least 
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adjustments, least limitation of mobility, or least difficult to remove], 14) which external 
method women preferred [scale -50 to +50 corresponding to -50 for TOCO, 0 for neutral, 
and +50 for EHG] and 15) which aspects of uterine monitoring (either internal or external) 
they considered as being most important [costs, quality, discomfort or potential harm]. 
We also asked our participants whether they experienced irritation, pain, discomfort or 
dislocations with either one of the techniques. Finally, the women had the opportunity 
to leave other remarks or notes.

After completion of the validation study, EHG was introduced as standard alternative in 
our clinic. In case TOCO was inadequate, EHG was applied by obstetric nurses that were 
trained by the main researchers on correct application. To evaluate user satisfaction, we 
asked all obstetric nurses that had been working with EHG, to fill out a questionnaire. This 
questionnaire entailed nine continuous scale questions from 1 to 5, regarding their expe-
riences with EHG: 1) sufficient knowledge of EHG, 2) sufficient competence with EHG, 3) 
usefulness of uterine palpation, 4) inconvenience due to performing skin preparation, 5) 
frequency of performing uterine palpation, 6) frequency of using the impedance meter, 
7) repeating skin preparation when the skin impedance is above 5kΩ, 8) installing EHG 
without technical problems, 9) the prevalence of local skin irritation. The 5-point scale 
corresponded to 1= ‘agree’ and 5= ‘disagree’ for questions 1-3, to 1= ‘very bothering’ and 5= 
‘not bothering’ for question 4, and to 1= ‘always’ and 5= ‘never’ for questions 5-9. 

Furthermore, this user questionnaire entailed six additional questions regarding their 
experiences with external uterine monitoring techniques: 10) which technique is more 
time-consuming [TOCO, EHG or no difference], 11) method of preference [TOCO, EHG or 
no preference], 12) advantages of EHG [open question], 13) disadvantages of EHG [open 
question], 14) recommendation of EHG to colleagues working in another hospital, [rated 
from 0= ‘not likely’ to 10= ‘very likely’], 15) frequency of weekly EHG-usage in clinical prac-
tice [open question]. For every question there was the opportunity to write comments.

Statistical analysis
The sample size of 52 patients was based on a power analysis to validate the sensitivity 
of EHG, reported in our previous publication.5 We used SPSS 23 statistics (IBM, New 
York, USA) for statistical evaluation. Descriptive statistics included frequencies with 
percentages and 95% Confidence Intervals (CI) for categorical data12,13, mean with standard 
deviation (SD) for normally distributed continuous variables or median with interquartile 
range (IQR) for non-normally distributed continuous variables. Normality was checked 
visually using histograms in addition to values for skewness and kurtosis between -1 and 
+1. Statistical significance was accepted at a two-sided p-value below 0.05. 
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The results of the continuous scale patients’ questions regarding the placement, pres-
ence during labour and removal of the equipment were tested with the Wilcoxon signed 
rank test for paired data when comparing two techniques. The Friedman test was used 
when comparing all three techniques together. The patients’ preferences for either one 
of the three techniques were tested by the Chi-Squared test. Additionally, the patients’ 
preferences were compared in subgroups based on obesity and labour analgesia. We 
hypothesised    that patients without labour analgesia prefer TOCO over EHG and IUPC 
because its wireless connection enables patient mobility. Obese women might prefer 
IUPC over the external methods as their increased abdominal adipose tissue significantly 
hampers their pregnancy and labour surveillance. These subgroup comparisons were 
tested with the Fishers’ Exact test. For calculation of cumulative percentages of the users’ 
preferences, score 1 (totally agree) and 2 (agree) were summed up, or score 4 (disagree) 
and 5 (totally disagree).

Ethical approval
The Institutional Review Board of Máxima Medical Centre approved the protocol on 
15th of July 2014 (NL48951.015.14) and the study is registered in the Dutch trial register 
(NTR5894), http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=5894. Pregnant 
women were recruited in Máxima Medical Centre (Veldhoven, The Netherlands). All 
measurements were carried out by two researchers (MV and KT), after informed consent 
was received. 
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RESULTS

Patients’ preferences
From July 2014 until June 2016, 52 women participated in our study. All questionnaires were 
completed within 24 hours postpartum, except for one which was filled out within one 
week after the delivery. No questionnaires were lost to follow-up. Six patients did not fill 
out all questions regarding ‘the presence’ (four women) or ‘the removal’ (two women) of the 
three uterine monitoring methods, therefore impeding comparison of these paired measure-
ments. In addition, one woman did not answer the questions regarding ‘the most important 
factor of the external methods’. The patient characteristics are presented in Table 1. 

TABLE 1 - Sociodemographic and clinical characteristics of 52 women simultaneously monitored with TOCO, EHG and IUPC.

Characteristic n=52
Maternal age (y) 31.7+4.3
Race
   Caucasian
   Other 

48 (92.3)
4 (7.7)

Parity
   Nulliparous
   Multiparous

29 (55.8)
23 (44.2)

Gestational age (wk+days) 39.3+8.1
Body mass index (kg/m2)
   Before pregnancy
   During measurement *

29.2+8.1
33.8+7.4

Start of labour
   Spontaneous onset 
   Induction of labour 

16 (30.8)
36 (69.2)

Oxytocin usage
   No
   Yes

14 (26.9)
38 (73.1)

Labour analgesia 
   No analgesia
   Epidural analgesia
   Remifentanil

15 (28.9)
34 (65.4)
3 (5.8)

Duration measurement (min) 104.4+29.1
Cervical dilation (cm) 
   Start measurement
   Stop measurement

4.0 (3-10)
8.5 (3-10)

Mode of delivery 
   Spontaneous vaginal delivery
   Vacuum delivery
   Caesarean section

36 (69.2)
7 (13.5)
9 (17.3)

BMI = body mass index; EHG = electrohysterography; IUPC = intra-uterine pressure catheter; TOCO = external 
tocodynamometry
Data are mean +standard deviation, median (range), n, or n (%) unless otherwise specified.
* In three women, BMI during labour are missing (values of 20, 42 and 48 before pregnancy).
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Of the 52 women, 42 (80.8%, 95%CI; 68.4-89.8%) preferred uterine monitoring by EHG, nine 
women (17.3%, 95%CI; 8.8-29.4%) preferred IUPC, and one woman (1.9%, 95%CI; 0.1-9.1%) 
preferred TOCO. This result was tested as a significant difference (Table 2). The subgroup 
comparisons based on obesity (non-obese or obese) and labour analgesia (none, epidural 
analgesia or remifentanil) reported no significant differences regarding the preferences 
of the women (Table 2). Furthermore, we asked the women to choose between one of the 
external methods based on a continuous scale from -50 for TOCO to +50 for EHG. This 
revealed a strong preference for EHG, with an average score of +38.7.

TABLE 2 - Patients’ preferences regarding uterine monitoring techniques

IUPC TOCO EHG Significance

Overall (n=52) 9 (17.3) 1 (1.9) 42 (80.8) p=<0.001 *

Maternal obesity
- Non-obese (n=20)
- Obese (n=32)

5 (25.0) 
4 (12.5)

0 (0.0) 
1 (3.1)

15 (75.0) 
27 (84.4) }

 

p=0.452 †

Labour analgesia 
- No (n=15)
- Epidural (n=34)
- Remifentanil (n=3)

1 (6.7) 
7 (20.6) 
1 (33.3)

1 (6.7) 
0 (0.0) 
0 (0.0)

13 (86.6)
27 (79.4) 
2 (66.7)

} p=0.226 †

EHG = electrohysterography; IUPC = intra-uterine pressure catheter, TOCO = external tocodynamometry
Data are N (%)
Maternal obesity was defined as a Body Mass Index of ≥30kg/m2 during labour. 
* Chi-Squared test. † Fisher’s Exact test.

On a continuous scale from 0 to 100, ‘application of EHG’ was scored as being least both-
ering, with significant differences between all three methods (Table 3). Regarding the 
‘presence during labour’, patients were significantly more bothered by TOCO than by 
IUPC or EHG. No significant differences were found between the three methods regard-
ing ‘removal of equipment’. However, when EHG was only compared to TOCO, we did 
find a significant difference in favour of TOCO (Table 3). The discomfort due to the skin 
preparation required for EHG was assessed as minor, with a median of 6.6 (IQR; 2.0-21.9), 
although eight patients (15.4%) did report local irritation due to skin preparation and/or 
the abdominal EHG patch. In comparison, local skin irritation with TOCO was reported 
by only three women (5.8%). Several women complained about discomfort (23.1%) and 
dislocations (28.8%) of TOCO, which was not reported for EHG. For IUPC, three women 
(5.8%) reported dislocations, two women (3.8%) experienced discomfort and one woman 
(1.9%) experienced pain. 
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TABLE 3 - Assessment of the application, presence and removal of IUPC, TOCO and EHG.

IUPC TOCO EHG Significance Significance

Application
(n=52)

30.6 (8.0-53.1)
30.6 (8.0-53.1)
-

10.0 (2.1-27.6)
-
10.0 (2.1-27.6)

-
2.1 (0.0-5.2)
2.1 (0.0-5.2)

p<0.001*
p<0.001* 
p<0.001*

} p<0.001†

Presence
(n=48)

8.3(1.0-47.0)
8.3(1.0-47.0)
-

42.0 (10.8-58.7)
-
42.0 (10.8-58.7)

-
2.1 (0.0-6.5)
2.1 (0.0-6.5)

p=0.004*
p<0.001*
p<0.001*

} p<0.001†

Removal
(n=50)

5.2 (1.0-15.0)
5.2 (1.0-15.0)
-

3.1 (0.0-9.0)
-
3.1 (0.0-9.0)

-
10.0 (2.1-22.9)
10.0 (2.1-22.9)

p=0.052*
p=0.583*
p=0.011*

} p=0.188†

EHG = electrohysterography; IUPC = intra-uterine pressure catheter; TOCO = external tocodynamometry
Data are median with (interquartile ranges).
The continuous scale ranged from 0 to 100, corresponding to ‘not bothering at all’ to ‘very bothering’.
* Wilcoxon signed rank test
† Friedman test

Considering uterine monitoring in general (internal and external), ‘least likely to harm’ 
was reported as most important factor by 51.9% of the women, ‘best quality’ by 25.0% 
and ‘least discomfort’ by 23.1%. Furthermore, when considering the characteristics of the 
external methods (n=51), 60.8% of the participants considered ‘least discomfort’ as an 
important factor for external uterine monitoring, followed by ‘least limitation of mobility’ 
with 27.5%, ‘least difficult to position’ with 5.9% and ‘least adjustments’ with 5.9%.  

Users’ preferences
In April 2017, all obstetric nurses that had been working with EHG (57 nurses, 100%) 
completed the questionnaire concerning user satisfaction. Of them, 23 nurses (40.4%, 
95%CI; 28.2-53.4%) chose EHG as preferred external method, compared to 20 nurses (35.1%, 
95%CI; 23.6-48.1%) choosing TOCO. Furthermore, 14 nurses (24.6%, 95%CI; 14.7-36.9%) had 
no preference or replied that their preference was subject to situation and patient. 

Regarding their experiences with EHG on a 5-point scale, 67.3% of nurses reported that 
they had sufficient knowledge about EHG (mean 2.1+1.3) and 73.7% of all nurses considered 
themselves as competent in the use of EHG (mean 2.2+1.0). Most nurses also confirmed 
that they palpate the uterus to ensure optimal localisation of EHG (subdivided into help-
fulness 87.3% (mean 1.6+1.0) and frequency 86.8% (mean 1.6+1.0)). Only 13.2% of nurses 
reported to use the impedance meter to check the impedance after skin preparation 
(mean 4.4+1.2). However, the nurses that do use the impedance meter also repeat skin 
preparation when the impedance appeared to be too high (mean 1.5+0.7). Most nurses 
(71.7%) reported no problems with application of this EHG system (mean 2.1+0.8). EHG 
was considered most time-consuming by 60.4% of nurses, compared to 22.6% that found 
TOCO more time-consuming, the remaining 17.0% was neutral. The users’ questionnaire 
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revealed indifferent results regarding the inconvenience of skin preparation (mean 3.4+1.2) 
and local irritation due to EHG (mean of 3.3+1.0), whereas in the open answers 35.1% of 
the nurses observed skin redness and 19.3% skin irritation.

The most reported advantage of EHG was a more constant and reliable registration, which 
especially holds in case of obesity and with changing maternal position (64.9% of the 
respondents). In addition, 24.6 % of the nurses considered the improved patient satisfac-
tion to be an advantage. The main disadvantage, reported by 54.4% of the nurses, was a 
decreased mobility of patients by cables of EHG. The fact that this EHG method cannot be 
used in bath or shower, was reported as a disadvantage by 28.1% of the nurses. Finally, the 
users would recommend this EHG method to colleagues with a score of 6.3+2.0 out of 10. 
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DISCUSSION

This is the first study evaluating patients’ and users’ preferences of three uterine monitor-
ing techniques; the internal IUPC which is the current gold standard though not routinely 
used, the external TOCO which is the method of first choice14-16, and external EHG that 
was only recently validated for contraction monitoring.5 Patients strongly preferred EHG 
over TOCO and IUPC. EHG is considered as the most comfortable method regarding 
both placement and presence during labour. On the contrary, preferences of healthcare 
providers were ambiguous.

A strength of the evaluation on patients’ preferences is the unique situation: all patients 
received all three methods, so they are most eligible to evaluate their preferences. Another 
strength of our study is that we had little missing data. Almost all women filled out the 
questionnaires directly postpartum or within a few hours, which resulted in a complete 
database. We also had a high response rate to evaluate users’ preferences as every obstetric 
nurse completed the questionnaire.

One limitation of this study was that there were no validated questionnaires available to 
evaluate patients’ nor users’ preferences on uterine monitoring techniques, so we devel-
oped customised questionnaires for this purpose. Another limitation might be that we 
collected the patients’ questionnaire this short after a life-event, which could influence 
the outcomes. However, we expect that the mutual comparison is minimally affected, 
since the comparison includes all three methods applied to the same woman at the same 
time. Finally, both patients and users were aware that EHG was the newly introduced 
technique, which may have caused bias. 

Safety
One of the main principles in medicine is ‘primum non nocere’, i.e., first, do no harm.17 
Our results underline this statement as most women preferred the aspect ‘least likely to 
harm’ above comfort, quality and costs. 

On the one hand, non-invasive external monitoring methods are therefore preferred 
above invasive methods to monitor the uterine activity pattern. Extra-membranous place-
ment of the invasive IUPC is not uncommon (reported incidence is 23–38%) and potential 
risks following improper IUPC placement include perforation of the placenta, the uterus, 
or fetal blood vessels.11,18 However, a Cochrane review reported no major complications in 
977 women being exposed to IUPC.1 Therefore, IUPC-related complications are rare, yet 
can be very severe.
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On the other hand, external uterine monitoring could also be considered as unsafe for 
mother and child when it works inadequately. The widely used TOCO is non-invasive but 
has a low reported sensitivity: from 46%  to 74%  thereby missing a significant number of 
contractions.19,20 EHG has a significant higher reported sensitivity: from 86% to 98%.3-5,19-21 
Inadequate uterine monitoring can result in fetal distress and caesarean delivery due to 
insufficient relaxation time to re-oxygenate the placental tissue in case of (missed) hyper-
tonia or hyperstimulation of the uterus.22,23 Especially during induction or augmentation 
of labour, the uterine activity pattern should be closely monitored to improve the safety 
of not only mother and child16, but also of the obstetrical caregiver, as oxytocin is often 
involved in obstetric litigation.24 

Comfort
Of the external methods, patients preferred the technique with the ‘least discomfort’ 
(60.8%) during labour above mobility, adjustments, positioning and removing. TOCO 
required frequent adjustments during labour such as repositioning of the transducer and 
tightening of the elastic belt, resulting in discomfort reported by 23.1% of our participants. 
Patients also reported to be least bothered by the presence EHG during labour com-
pared to TOCO and IUPC. However, a potential discomfort of EHG could be temporarily 
skin reactions following skin preparation and/or the abdominal patch, which has been 
reported by 15.4% of patients. Another issue concerning comfort is for the equipment to 
be waterproof, in case patients prefer having a bath or shower during labour. The studied 
EHG method was not waterproof, and IUPC catheters were also not suitable for use in 
water. The telemetry variant of TOCO could be used in both shower and bath, and is 
therefore most suitable for these patients. When waterproof EHG methods will be avail-
able, patients’ comfort could be further improved. 

Mobility 
Next to comfort, our participants considered mobility as an important factor during labour. 
Research has also shown that walking and upright positions positively influence the pro-
gress of labour.25 With IUPC, mobility is seriously hampered as these women are confined 
to bed because the catheter can fall out when they walk around. Eight out of nine (88.9%) 
women that chose IUPC as their preferred method, had labour analgesia and were thus 
being confined to bed already. Both external methods (EHG and TOCO) can provide more 
mobility than IUPC. Cables for both EHG and TOCO are long enough to walk around the 
bed but mobility is still compromised. Therefore, wireless connections are preferred to 
further improve mobility. TOCO can be wireless (although not all hospitals have the avail-
ability of wireless systems), while most real-time EHG systems do not (yet) provide wireless 
connections. On the contrary, EHG can enhance mobility during labour compared to TOCO 
due to the adhesive properties of the contact electrodes, which are less sensitive to position.
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Time-efficiency 
Novel techniques used at the labour ward should not only be preferred by patients, but 
should also be user-friendly. The results of our user questionnaire revealed ambiguous 
results regarding their preference for EHG (40.4%) or TOCO (35.1%). Less experienced 
nurses found the use of EHG more time consuming than TOCO. Especially the impedance 
meter was considered as difficult to use and a time-consuming step to integrate in clinical 
practice. However, Euliano et al suggested that the usage of EHG could reduce nursing 
time.19 Our more experienced nurses also recognised the time-saving aspect of EHG as 
it needs to be applied only once per patient, due to its adhesive properties. Thus, while 
initiating the measurement might be more time-consuming, this could be compensated 
by reduced interference time during the measurement. In contrast, TOCO needs to be 
repositioned several times during labour, especially after maternal movements. To assess 
this hypothesis, we annotated all adjustments during the measurements. We checked 
signal quality every 30 min during the two-hour registration period: on average, TOCO 
needed to be repositioned twice due to signal loss. Within the same time-frame, EHG 
required one adjustment on average such as calibration or reset baseline (zero) on the 
CTG monitor. IUPC required less adjustments (on average 0.5 per two-hour registration), 
including resetting baseline, flushing and repositioning of the catheter. In three cases the 
IUPC was expulsed and in two of these cases a new catheter had to be inserted.

Another important factor considering time-efficiency is whether the method can be 
applied throughout the different stages of labour (term/preterm labour, first/second 
stage, with/without ruptured membranes). The IUPC can only be inserted when mem-
branes are ruptured, which is not always the situation during the early stage of labour or 
during preterm labour. During second stage of labour the catheter can be pushed out. On 
the contrary, both EHG and TOCO do not require ruptured membranes. These techniques 
can already be applied in the early beginning of (preterm) labour and they stay positioned 
throughout labour and delivery. For women, this will be more convenient and for nurses 
this could improve workflow. Another factor that could influence time-efficiency is inter-
pretability of uterine monitoring techniques. The adhesive properties of EHG enable a 
more continuous CTG registration of good quality, that could be less time consuming 
during labour.  Previous studies have also shown that EHG registrations have a higher 
interpretability and are easier to interpret than TOCO.4,19,26

Individualised choice of monitoring method
Most of above described factors depend on type of patient and situation. Therefore, these 
factors should be considered when choosing a suitable method for uterine monitoring. 
Patients that benefit most from registration with EHG, TOCO or IUPC could be selected. 
An overview of these method-specific characteristics is presented in Table 4.
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TABLE 4 - Advantages and limitations of currently available uterine monitoring techniques

Technical characteristics: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Used technique Sensor-tipped or transducer catheters measuring changes of 
the intra-uterine pressure

Gauge transducer measuring shape changes of 
the abdominal wall

Abdominal electrodes measuring the electrical 
activity of the uterine muscle

Value of the measurement Millimetres of Mercury Relative TOCO units Microvolts

Internal or external Internal External External

Invasiveness Invasive Non-invasive Non-invasive

Application of technique During vaginal examination Abdominal positioning Abdominal positioning 

Placed by Only physicians or midwives Any obstetrical caregiver Any obstetrical caregiver

Reusability Disposable Reusable Disposable

Wired or wireless Wired, direct connection is essential Some hospitals have a wireless TOCO (telemetry) Most do not (yet) provide wireless connection

Potential risks or side-effects Moderate, <1:1000, rare though severe complications 
(placental/uterine perforation)

Very low, skin reactions due to the transducer or 
elastic band around the abdomen

Low, skin reactions due to skin preparation or the 
abdominal electrodes

Diagnostic values: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Accuracy of method Very high Moderate High

Sensitivity contraction detection >95% 46-74%* 86-98%*

Sensitivity in obese women* >95% 46-51%* 82-97%*

Performance influenced by second 
stage of labour

Low, the catheter can be expulsed Low, sensitivity might increase as pushing 
improves the uterine contact 

Moderate, potentially more technical artefacts 
due to pushing

Users’ & patients’ preferences: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Difficulty positioning Moderate, ultrasound for placental localisation and vaginal 
examination

Very low, can be easily placed and adjusted 
throughout labour

Low, adequate skin preparation is necessary 

Users’ preference x 35% 40%

Application Moderate, score 31 Low, score 10 Very low, score 2

Presence during labour Low, score 8 Moderate, score 42 Very low, score 2

Removal Very low, score 5 Very low, score 3 Low, score 10

Patients’ preference 17% 2% 81%

Scale: very low, low, moderate, high, very high
0-100: 0 = not bothering, 100 = very bothering
* References are: (3,5,19–21)
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TABLE 4 - Advantages and limitations of currently available uterine monitoring techniques

Technical characteristics: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Used technique Sensor-tipped or transducer catheters measuring changes of 
the intra-uterine pressure

Gauge transducer measuring shape changes of 
the abdominal wall

Abdominal electrodes measuring the electrical 
activity of the uterine muscle

Value of the measurement Millimetres of Mercury Relative TOCO units Microvolts

Internal or external Internal External External

Invasiveness Invasive Non-invasive Non-invasive

Application of technique During vaginal examination Abdominal positioning Abdominal positioning 

Placed by Only physicians or midwives Any obstetrical caregiver Any obstetrical caregiver

Reusability Disposable Reusable Disposable

Wired or wireless Wired, direct connection is essential Some hospitals have a wireless TOCO (telemetry) Most do not (yet) provide wireless connection

Potential risks or side-effects Moderate, <1:1000, rare though severe complications 
(placental/uterine perforation)

Very low, skin reactions due to the transducer or 
elastic band around the abdomen

Low, skin reactions due to skin preparation or the 
abdominal electrodes

Diagnostic values: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Accuracy of method Very high Moderate High

Sensitivity contraction detection >95% 46-74%* 86-98%*

Sensitivity in obese women* >95% 46-51%* 82-97%*

Performance influenced by second 
stage of labour

Low, the catheter can be expulsed Low, sensitivity might increase as pushing 
improves the uterine contact 

Moderate, potentially more technical artefacts 
due to pushing

Users’ & patients’ preferences: Intra-uterine pressure catheter External tocodynamometry Electrohysterography

Difficulty positioning Moderate, ultrasound for placental localisation and vaginal 
examination

Very low, can be easily placed and adjusted 
throughout labour

Low, adequate skin preparation is necessary 

Users’ preference x 35% 40%

Application Moderate, score 31 Low, score 10 Very low, score 2

Presence during labour Low, score 8 Moderate, score 42 Very low, score 2

Removal Very low, score 5 Very low, score 3 Low, score 10

Patients’ preference 17% 2% 81%

Scale: very low, low, moderate, high, very high
0-100: 0 = not bothering, 100 = very bothering
* References are: (3,5,19–21)
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Implementation
The nurses of our hospital have been working with EHG for a couple of years now. As 
they were the first to work with this real-time method worldwide, they are the so-called 
‘early adopters’ in the ‘technology adoption life cycle’ of the innovation theory described 
by Rogers.27 As for many innovations, there is still a chasm to be crossed. We expect that 
wide implementation of this technology may take some time. Experience needs to grow 
and investment in training is important. All future users should be trained on key aspects 
of EHG. Correct patch localisation is important for proper interface with the myome-
trium and adequate skin preparation with abrasive sandpaper is essential for an accurate 
EHG signal. However, abrading too firm, might evoke dermatologic reactions. Therefore, 
an impedance meter is useful to check impedances and guide users in preparation and 
application. As this step is considered time-consuming, it would be interesting to imple-
ment direct feedback on the EHG monitor with respect to skin impedance. Finally, for 
a successful implementation, it is essential that obstetrical caregivers will be trained in 
interpretation of EHG-signals as well.

Conclusion and future perspectives
Current uterine monitoring techniques have some disadvantages. EHG is therefore being 
evaluated as a promising new method that is both safe and reliable. Patients prefer EHG 
over TOCO and IUPC, although the opinion of healthcare providers is inconclusive.

For future designs of EHG devices, we would recommend a waterproof and wireless 
system enabling a more continuous and mobile monitoring. Integrating an impedance 
meter is also advised. These adjustments could further improve patients’ and users’ 
satisfaction, which is necessary for successful implementation in clinic. The effect of 
EHG-application on obstetric and perinatal outcome and related cost-effectiveness 
should be further evaluated.
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PATIENT QUESTIONNAIRE

Figuur 3: Inwendige 
druklijn  
 

Figuur 1: Weeënpleister 
 

Figuur 2: Weëenband  
 

W3-studie: Patiënttevredenheid onderzoek 
Datum: __/ __/ ____    Inclusienummer:  
Tijdens uw bevalling zijn de weeën geregistreerd met drie verschillende methoden: de uitwendige 
weeënpleister (figuur 1), de uitwendige weeënband (figuur 2) en de inwendige druklijn (figuur 3). 
 

   
  
1. Als u zou kunnen kiezen tussen alle drie methoden, welke methode heeft dan uw voorkeur? 

⎕ De uitwendige weeënpleister 
⎕ De uitwendige weeënband 
⎕ De inwendige druklijn 

 
Graag zouden wij van u willen weten hoe u de registratie met deze drie verschillende methoden hebt 
ervaren. Plaats een kruisje (X) op de lijn om aan te geven wat u van een bepaalde handeling of 
situatie vond: 
 
2. Het voorbereiden van de buikhuid met schuurpapier voelde voor mij:  

 
 
 
 

 
3. Het plaatsen van de weeënpleister (figuur 1) vond ik:  
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6. De eventuele aanpassingen die nodig waren tijdens de registratie met de weeënband, zoals 
het verschuiven van de knop, vond ik: 

 
 
 
 

 
7. Tijdens de bevalling vond ik de aanwezigheid van de weeënpleister op mijn buik: 

 
 
 
 

 
8. Tijdens de bevalling vond ik de aanwezigheid van de weeënband op mijn buik: 

 
 
 
 

 
9. Tijdens de bevalling vond ik de aanwezigheid van de inwendige druklijn: 

 
 
 
 

 
10. Het verwijderen van de weeënpleister (figuur 1) vond ik: 

 
 
 
 

 
11. Het verwijderen van de weeënband (figuur 2) vond ik: 

 
 
 
 

 
12. Het verwijderen van de inwendige druklijn (figuur 3) vond ik: 

 
 
 
 

 
13. Als u alleen zou kunnen kiezen tussen de weeënband of de weeënpleister, welke factor vindt 

u dan het allerbelangrijkste? 
Let op: U mag maar één antwoord aankruisen. 

⎕ De methode die het gemakkelijkst geplaatst wordt. 
⎕ De methode waarvan ik het minst last heb tijdens de bevalling. 
⎕ De methode waarbij weinig aanpassingen nodig zijn tijdens de bevalling.  
⎕ De methode die mijn bewegingsvrijheid het minst beperkt. 
⎕ De methode die het gemakkelijkst verwijderd kan worden.  
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14.  Als u nog een keer zou gaan bevallen, welke uitwendige methode heeft dan uw voorkeur? 
 

 
 
Extra informatie: De inwendige druklijn is op dit moment de meest betrouwbare methode om weeën 
te registreren. Maar bij het gebruik van deze inwendige methode bestaat een zeer zeldzaam risico 
(1:1000) op schade aan de placenta of baarmoeder. 
 
15. Als u zou kunnen kiezen tussen een inwendige druklijn of uitwendige methode, welke factor 

vindt u dan het allerbelangrijkste bij deze keuze? 
Let op: U mag maar één antwoord aankruisen. 

⎕ De methode die het minst duur is. 
⎕ De methode waarmee mijn weeën het beste kunnen worden geregistreerd. 
⎕ De methode die nooit schade zou kunnen aanrichten. 
⎕ De methode waarvan ik het minst last heb tijdens de bevalling. 

 
16. Heeft u last gehad van één of meerdere van de volgende punten? 

Zo ja, kruis deze aan en geef aan bij welke methode u dit hebt ervaren. 
□ irritatie; namelijk …………………………………………… 
□ pijn; namelijk…………………………………………… 
□ zat in de weg, namelijk de …………………………………………… 
□ bleef niet goed zitten, namelijk de . …………………………………………… 
□ Anderszins namelijk: …………………………………………… 

 
17. Overige opmerkingen? Bijvoorbeeld positieve of negatieve aspecten van de weeënregistratie met 

de weeënpleister of weeënband. 
………………………………………………………………………………………………………
………...…………………..........…………………………………………………………………… 

 
 

Weeënpleister 

Geen 
Voorkeur 

Weeënband 
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USER QUESTIONNAIRE
 
 
Beste collega,  
Tijdens de bevalling wordt bij het merendeel van de zwangere vrouwen gebruik gemaakt van 
weeënregistratie middels elektrohysterografie, ook wel bekend als de weeënpleister. Graag zouden wij 
van u willen weten hoe u de registratie met deze methode hebt ervaren. Omcirkel het getal wat het 
beste weergeeft wat u van een bepaalde handeling of situatie vond.  
 
1) Ik was vooraf voldoende geïnformeerd over het gebruik van elektrohysterografie als 

weeënregistratie:  
Eens    1  2  3  4  5         Oneens 
Indien oneens: waarover had u extra informatie willen ontvangen?  
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
2) Ik voel me voldoende bekwaam in het gebruik van de weeënpleister:  
Eens    1  2  3  4  5         Oneens  
Indien oneens: waarover had u extra informatie willen ontvangen?  
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
3) Ik zie het nut in van palpatie voordat ik de weeënpleister plaats: 
Eens       1  2  3  4  5        Oneens   
Waarom wel/niet?    
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
4) Palpatie om de optimale locatie van de weeënpleister te vinden doe ik: 
Altijd     1  2  3  4  5         nooit   
Indien niet altijd: waarom niet?    
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
5) De preparatie van de buikhuid met het scrubpapier vind ik:  
Bezwaarlijk      1  2  3  4  5         niet 
bezwaarlijk   
Indien bezwaarlijk: waarom?   
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
6)  Ik gebruik de impedantiemeter:  
Altijd     1  2  3  4  5         nooit   
Indien niet altijd: waarom niet?    
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
7) Indien de waarden bij het meten van de impedantie hoger zijn dan 5 kilo ohm prepareer ik 

de huid opnieuw:  
Altijd     1  2  3  4  5         Nooit  
O Niet van toepassing, ik meet de impedantie niet. 
Indien nee: waarom niet? 
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
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8) Het lukt mij om zonder problemen de apparatuur aan te sluiten:  
Altijd     1  2  3  4  5         Nooit  
Indien nee: waarom niet?  
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
9) Nadat de pleister verwijderd is heeft de patiënt klachten op de plek waarop de pleister 

gezeten heeft (irritatie, roodheid, jeuk, gevoelig, ...) 
Altijd     1  2  3  4  5         Nooit  
Indien klachten: wat voor klachten?  
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
10) Als u de TOCO en de weeënpleister vergelijkt: welke methode is meer tijdrovend? 

Waarom?  
Weeënpleister 
TOCO 

……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
11) Naar welke methode gaat uw voorkeur uit? Waarom? 

Weeënpleister 
TOCO 

……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
12) Welke voordelen ervaart u aan het gebruik van de weeënpleister? 
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
13) Welke nadelen ervaart u aan het gebruik van de weeënpleister? 
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
 
14) Hoe waarschijnlijk is het dat u deze methode zal aanbevelen aan een collega in een ander 

ziekenhuis? 
Niet waarschijnlijk         0        1        2        3        4        5        6        7        8        9        10         zeer 
waarschijnlijk  
 
15) Hoeveel bevallingen hebt u deze week begeleid en hoe vaak hebt u daarbij de weeënpleister 

gebruikt? 
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
 
16) Overige opmerkingen 
……………………………………………………………………………………………………………
……………………………………………………………………………………… 
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ABSTRACT

Purpose:  Timely diagnosing a uterine rupture is challenging. Based on the patho- 
physiology of complete uterine wall separation, changes in uterine activity are 
expected. The primary objective is to identify tocogram characteristics associated 
with uterine rupture during trial of labour after caesarean section (TOLAC). The sec-
ondary objective is to compare external tocodynamometry (TOCO) with intra-uterine 
pressure catheters (IUPC).

Methods: MEDLINE, EMBASE and the Cochrane library were systematically searched 
for eligible records. Moreover, clinical guidelines were screened. Studies analys-
ing tocogram characteristics of uterine rupture during TOLAC were appraised and 
included by two independent reviewers. Due to heterogeneity, a meta-analysis was 
only feasible for uterine hyperstimulation.

Results: Thirteen studies were included. Three tocogram characteristics were asso-
ciated with uterine rupture; 1) Hyperstimulation was more frequently observed 
compared to controls during the delivery (38% versus 21% and 58% versus 53%), and 
in the last two hours prior to birth (19% versus 4%). Results of meta-analysis: OR 1.68 
(95% confidence interval (CI);0.97-2.89), p=0.06. 2) Decrease of uterine activity was 
observed in 14-40%, and 3) an increasing baseline in 10-20%. Five studies documented 
no changes in uterine activity or Montevideo units. A direct comparison between 
TOCO and IUPC was not feasible. 

Conclusions: Uterine rupture can be preceded or accompanied by several types of 
changes in uterine contractility including hyperstimulation, reduced number of con-
tractions, increased or reduced baseline of the uterine tonus. While no typical pattern 
has been repeatedly reported, close follow-up of uterine contractility is advised and 
hyperstimulation should be prevented.   
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INTRODUCTION

There is a worldwide increasing incidence of caesarean sections (CS).1,2 Subsequently, 
there will be a growing number of pregnant women with a previous uterine scar. The high 
success (76%) of vaginal birth after caesarean section (VBAC) and the degree of maternal 
and neonatal safety have encouraged physicians and midwives to be supportive of women 
attempting trial of labour after previous caesarean section (TOLAC).3,4 Moreover, VBAC 
is advocated as a means to control the increasing rates of operative delivery.5 Despite the 
excellent outcome, every physician should keep in mind the risk of a uterine rupture. 
Unfortunately, the incidence of uterine rupture has not declined in the last decades.6 
Women opting for TOLAC have a less than one percent chance on a complete uterine 
rupture, which is associated with an estimated 10% risk of perinatal mortality.4,7-10

The number of repeat CS needed to prevent one uterine rupture is very high.11 Alterna-
tively, intrapartum monitoring of women during TOLAC could be improved. The classical 
symptoms of uterine rupture are described as fetal heart rate (FHR) abnormalities, the 
onset of severe abdominal pain persisting between contractions, scar tenderness, abnor-
mal vaginal bleeding, haematuria, cessation of previously efficient uterine activity, loss of 
station of the presenting part and maternal hypotension or shock.12 Timely diagnosing a 
uterine rupture remains challenging as these symptoms can appear at a late stage or may 
not be present at all.3,13-15 In the end, the diagnosis will have to be confirmed or rejected 
during an emergency CS. 

Clinical guidelines concerning TOLAC mainly focus on FHR abnormalities and clinical 
signs.12,16 However, based on the pathophysiology of complete uterine wall separation, 
changes in the uterine activity can be expected. A defect in the uterine wall reduces wall 
tension and can therefore lead to a decrease or clipping of intrauterine pressure.17 More-
over, reduced tension can diminish contractility and influence contraction frequency 
and/or amplitude.18 Therefore, uterine activity patterns, monitored by an intra-uterine 
pressure catheter (IUPC), external tocodynamometry (TOCO) or electrohysterography 
(EHG), could potentially provide warning signs of uterine rupture.19

This systematic review aims to summarise the tocographic characteristics related to 
uterine rupture during TOLAC. The primary goal is to identify changes in the tocogram 
preceding or occurring during this emergency event. The secondary goal is to compare 
TOCO with IUPC.
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MATERIAL AND METHODS

Sources
This systematic review was conducted according to the PRISMA guidelines. The MED-
LINE, EMBASE and the Cochrane library have been systematically searched in September 
2016 using the following standardised medical subject headings (MeSH): uterine rupture, 
obstetric labour, trial of labour, vaginal birth after caesarean, uterine contraction, uterine 
monitoring, fetal monitoring, cardiotocography, tocogram and related terms presented 
in the title and abstract. No limits have been used. The full electronic search strategy is 
available in Appendix 1. Furthermore, the references of paragraphs on intrapartum mon-
itoring during TOLAC available in national and international guidelines (NVOG, ACOG, 
RCOG, SOGC), as well as the references of the selected articles have been included. To 
assess eligibility of the studies, two authors (MV, HdL) independently appraised and 
cross-checked the extracted studies. In case of disagreement, the two reviewers recon-
sidered the article and made the final decision.
 
Study selection
A total of 175 articles have been systematically identified after removing duplicates. Figure 
1 shows a flowchart of the search strategy and selection. We selected studies that featured 
an analysis of the uterine activity during TOLAC, in term pregnant women with a com-
plete uterine rupture confirmed during CS or during postpartum complications. In each 
study population, there should be a minimum of 5 cases and at least 50% of the women 
should have a previous caesarean scar. Articles not in English, case reports, reviews and 
guidelines were excluded. Because of the limited amount of available evidence, the critical 
appraisal was restricted to study design, patient selection and analysis of the tocogram. 
After reading the 46 full-text articles, the reviewers excluded two reports based on patient 
selection. Since a minority of the women had a previous CS, the case-control study of 
Sheiner et al. and the study of Chen et al. have been excluded.20,21 The quality of the arti-
cles were assessed using the Newcastle–Ottawa scale, which is a quality assessment tool 
for non-randomised studies included in meta-analysis. This scale contains eight items, 
which are categorised into three themes: selection (four stars), comparability (two stars), 
and exposure (three stars).22 High quality studies achieve seven stars or more, medium 
quality studies between four and six stars and poor-quality studies less than four stars.
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FIGURE 1 – Overview of the reviewing process 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Records identified through database 
searching: 

- Pubmed: 136 
- Embase: 36 
- Cochrane: 6 

Additional records identified through other 
sources:  

- NVOG guidelines VBAC: 5 
- ACOG guidelines VBAC: 6 
- RCOG guidelines VBAC: 3 
- SOGC guidelines VBAC: 4 

 

196 records identified  

175 records screened for 
title and abstract 

46 full-text articles 
assessed for eligibility 

13 studies included 

21 duplicates removed 

129 records excluded 
because of:  
- Non-English: 21 
- Guidelines: 7 
- Case reports: 35 
- No uterine rupture: 20 
- Other: 46 33 full-text articles 

excluded because: 
- patient selection: 2 
- review: 10 
- no description of uterine 
activity or tocogram: 14 
- exclusion previous 
uterine scar: 3 
- other: 4 

Statistical analysis
Data of all included studies have been extracted and subdivided into a variety of char-
acteristics related to uterine rupture. If not provided, odds ratios and 95% confidence 
interval (95%CI) were calculated using contingency tables when possible. A meta- 
analysis was only considered feasible for uterine hyperstimulation during delivery due 
to the heterogeneity of the included studies with regard to the study design and the 
observed tocogram characteristics. We performed the meta-analysis in RevMan (Revision 
Manager 5.3 for Windows, Utrecht; Cochrane The Netherlands) and applied a random 
effects model. Inter-studies heterogeneity was tested using the Chi-Squared test. A 
p-value of <0.05 was considered statistical significant.
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RESULTS 

Thirteen studies have been included in this systematic review: one prospective cohort 
study, six case-control studies and six retrospective cohort studies. The results could 
be categorised into five main themes: hyperstimulation, decrease in uterine activity, 
increased baseline, Montevideo units (MVU) or no changes in tocogram characteristics. 
An overview of the included studies and their results are shown in Table 1. 

Hyperstimulation  
The frequency of contractions prior to uterine rupture has been examined in three 
case-control studies. In the study by Goetzl et al., uterine rupture was more often preceded 
by an episode of hyperstimulation (defined as >5 contractions per 10 min, that resulted 
in reduced administration of oxytocin) compared to controls: 37.5% and 20.8%, p=0.05, 
which is on the margin of significance.23 Odds ratios were not provided. Craver Pryor et 
al. studied hyperstimulation at more than 4, 2-4 and less than 2 hours prior to delivery. 
Hyperstimulation (defined as >5 contractions per 10 min) was more common during the 
two hours prior to birth: 19.2% and 3.8%, p<0.05 (OR 5.9, 95%CI; 1.2-28.6).24 In contrast, a 
more recent study of Andersen et al. showed no significant difference in uterine hyper-
stimulation (>5 contractions per 10 min) during labour: 58.5% in the rupture group versus 
53.5% in controls, p=0.74.25 Subanalyses in first/second stage and induced/augmented 
labour also showed no significant differences in their study. All three case-control studies 
did not report how the uterine activity patterns were monitored. 

Meta-analysis of hyperstimulation
A meta-analysis was performed based on the three above mentioned case-control studies 
evaluating uterine hyperstimulation during TOLAC in relation to the risk of uterine rup-
ture (Figure 2). Uterine hyperstimulation during the delivery showed a trend in relation 
to the risk of uterine rupture: OR 1.68 (95%CI; 0.97-2.89), p=0.06. The Chi-Squared test for 
inter-study heterogeneity was non-significant (p=0.58).   

FIGURE 2 – Meta-analysis of uterine hyperstimulation related to uterine rupture

Review: Tocogram characteristics related to uterine rupture
Comparison: Hyperstimulation and no hyperstimulation during TOLAC
Outcome: Risk of uterine rupture
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Decrease in uterine activity
In a large nationwide Dutch prospective cohort study of Zwart et al., acute absence of 
contractions was reported in 13.6% (25/184) of the cases of uterine rupture.10 They did 
not describe the applied uterine monitoring techniques. A smaller case-control study of 
Ridgeway et al. focused on FHR characteristics of patients with uterine rupture compared 
to successful VBAC. They described loss of uterine tone during first stage in a single case 
(1/36).14 Two small retrospective studies of Arulkumaran et al. and  Beckley et al. found 
a decrease of the uterine contraction amplitude in 33.3% (3/9) and 40.0% (4/10) of the 
uterine ruptures respectively, which were all monitored by IUPC.26,27 Finally, Phelan et 
al. observed a significantly (p=0.03) lower amount of contractions per hour in ruptures 
(15.8/h) compared to VBAC (19.7/h), monitored from the onset of active labour defined as 
cervical dilation of 4 cm.28 This difference was not significantly different when comparing 
only oxytocin recipients; 16.5 contractions per hour in the rupture group and 18.1 contrac-
tions per hour in VBAC. Most of their cases had external fetal monitoring. 

Increasing baseline 
Zwart et al. observed hypertonia in 20% (38/188) of the uterine ruptures in their large 
nationwide prospective study.10 They did not describe their definition of hypertonia nor 
which uterine monitoring technique (i.e., TOCO or IUPC) was applied. The retrospective 
study of Rodriguez et al. detected an increased baseline uterine pressure in 10% (n=4) of 
the uterine rupture cases (n=39) which were monitored with an IUPC.29

Montevideo units
MVU can only be calculated in the presence of an IUPC. In the case-control study of 
Maggio et al., cases of uterine rupture have been compared to successful VBAC and 
failed TOLAC. They found no association between MVU and uterine rupture in pregnant 
women undergoing TOLAC. Over time, MVU showed a continued increase during the last 
two hours prior to birth in the successful VBAC group (p<0.01) and lack of such increase in 
the rupture group (p=0.26). However, when only using first stage of labour, there was no 
difference in MVU over time between uterine rupture versus VBAC (p=0.22), and uterine 
rupture versus failed TOLAC (p=0.87).

Buhimschi et al. retrospectively investigated the uterine rupture localisation associated 
with prostaglandins treatment. Therefore, they compared uterine ruptures during TOLAC 
in women who received prostaglandins + oxytocin versus uterine ruptures in women with 
oxytocin alone.30 The average amount of MVU was 205 (range 160-300) per 10 min in the 
oxytocin only group compared to 247 (range 140-380) per 10 min in the prostaglandin/
oxytocin group, during at least one hour prior to rupture.30 These results were not com-
pared with controls (= women without uterine rupture). 
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TABLE 1 - Overview of the included studies analysing tocogram characteristics of uterine rupture during TOLAC.

The studies are categorised according to five themes: hyperstimulation, decrease of uterine activity, 
increasing baseline, Montevideo units and no changes in uterine activity.

HYPERSTIMULATION

Study Design Population Method Findings Study characteristics (+/~) Quality*  

Andersen
2016

Case-control
Denmark
1997-2008

-Rupture N=53, 100% previous CS
-Control N=43, TOLAC, 1:2, each two 
subsequent intended VBAC
-In 39,042 during TOLAC

ND Uterine hyperstimulation was common 
during the last four hours prior to delivery in 
both groups: 58.5% (31/52) rupture vs. 53.5% 
(23/43) controls
Subanalyses of first stage, second stage, 
induction and augmentation of labor: no 
significant differences.

+ FIGO guidelines: tachysystole >5/10min
+ 19 blinded experts; 3 for each tracing
+ Terminal bradycardia was removed
~ 28% no evaluation tocogram last hour prior 
to delivery due to poor quality tracing

8 (4/1/3)

Craver Pryor
2007

Case-control
USA
1995-2000

-Rupture N=26, 100% previous CS
-Control N=52, successful VBAC, 1:2, each 
VBAC before/after rupture 
-In 1,896 during TOLAC

ND More hyperstimulation <2h prior to delivery: 
- 19.2 % vs. 3.8%, OR 5.9 (95%CI 1.2-28.6),  
p<0.05.
Not significant differences for <4h and 2-4h.

+ Hyperstimulation: >5/10min
+ Two blinded independent reviewers
~ Uterine rupture; significant longer duration 
and higher maximum dose of oxytocin

7 (4/1/2)

Goetzl 
2001

Case-control
USA
1984-1996

-Rupture N=24, 100% previous CS
-Control N=96, TOLAC
-Matching; 1:4, by birth weight, year of 
delivery, induced/augmented
-In 1,650 primiparas during TOLAC

ND Cases were more likely to have an episode of 
uterine hyperstimulation. 
- Overall; 37.5% vs. 20.8%, p=0.05
- Induction; 38.5 vs. 30.8%, p=0.42
- Augmentation; 36.4% vs. 9.1%, p=0.05

+ Hyperstimulation: >5/10 min, that resulted 
in a reduction of oxytocin administration.
+ Analysis of oxytocin use: no difference
~ Investigators unknown; How many? 
Blinded?
~ Physician based diagnosis in the medical 
file; No CTG monitoring strips.

7 (4/2/1)

DECREASE OF UTERINE ACTIVITY

Study Design Population Method Findings Study characteristics Quality*

Zwart 
2009

Prospective cohort
Netherlands
2004-2006

-Rupture N=210, 87% previous CS
-In 358,874 deliveries

ND 13.6% (25/184) acute absence of contractions + Large nationwide prospective study
~ No control cohort
~ Definition acute absence?

4 (3/0/1)

Ridgeway
2004

Case-control 
USA/Sweden
1983-2001

-Rupture N=36, 100% previous CS
-Control N=100, successful VBAC
-Matching; 1:3, by GA and institution
-In 45,113 deliveries

ND Loss of uterine tone during four hours before 
second stage and during second stage:
- 1st stage (N=36); 2.8% (N=1)  vs. 0% p=0.27
- 2nd stage (N=14); 0% vs. 0% p= not applicable

+ 3 Independent and blinded examiners
~ Definition loss of uterine tone?

8 (4/2/2)

Phelan
1998

Case control 
USA
1994

-Rupture N=18, 94% previous CS
-Control 1) N=35 successful VBAC
-Control 2) N=33 SVD
-Controls delivered in nov-dec 1994; all 
VBAC and every 20th SVD

Most 
TOCO

Study cases had significant fewer 
contractions per hour compared to both 
control groups:
- 15.8 rupture versus 19.7 VBAC, p=0.03
- 15.8 rupture versus 19.4 SVD, p=0.09

+ From active phase of labour; 4cm dilation
~ Selection method: severe neonatal brain 
injury 
~ One investigator, not blinded

4 (2/1/1)

Arulkumaran
1992

Retrospective cohort
Singapore
1985-1990

-Rupture N=9, 100% previous CS
-In 722 women during TOLAC

IUPC: 
56%

33.3% (3/9) showed decrease in uterine 
activity, which were all registered with IUPC.

~ 4/9 incomplete rupture = intact serosa
~ Definition of decrease?

5 (3/0/2)

Beckley
1991

Retrospective cohort
England
1982-1988

-Rupture N=10, 100% previous CS
-In 1,740 women during TOLAC

IUPC 
100%

40.0% (4/10) show marked fall in uterine 
activity; ‘clipping’ off of the pressure peaks.

+ Tocogram tracings available in article
~ Definition  marked fall uterine activity?

5 (3/0/2)
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- 15.8 rupture versus 19.4 SVD, p=0.09

+ From active phase of labour; 4cm dilation
~ Selection method: severe neonatal brain 
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1992
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Singapore
1985-1990

-Rupture N=9, 100% previous CS
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IUPC: 
56%

33.3% (3/9) showed decrease in uterine 
activity, which were all registered with IUPC.

~ 4/9 incomplete rupture = intact serosa
~ Definition of decrease?

5 (3/0/2)

Beckley
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Retrospective cohort
England
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TABLE 1 - CONTINUED

INCREASING BASELINE 

Study Design Population Method Findings Study characteristics Quality*  

Zwart 
2009

Prospective cohort
Netherlands
2004-2006

-Rupture N=210, 87% previous CS
-In 358,874 deliveries

ND 20.2% (38/188) hypertonia + Large nationwide prospective study
~ Definition of hypertonia?

4 (3/0/1)

Rodriguez
1989

Retrospective cohort
USA
1979-1988

-Rupture N=76, 79% previous CS
-In 138,853 deliveries

IUPC: 51% Increase of baseline uterine tone in 10.2% 
(4/39) using an IUPC. Decrease of uterine 
activity was not observed with IUPC (N=39).

~ Definition increasing baseline? 5 (3/0/2)

MONTEVIDEO UNITS

Study Design Population Method Findings Study characteristics Quality*  

Maggio 
2014

Case-control 
USA
2007-2010

-Rupture N=9, 100% previous CS
-Control 1, N=48, successful VBAC
-Control 2, N=35, failed TOLAC
-In 986 women attempting TOLAC

IUPC 
100%

The MVU in 120 minutes prior to uterine 
rupture, CS or complete dilation in VBAC 
were similar among all groups: medians 
ranged respectively 130-195,145-190 and 140-
175.

+ 120 min of labour with IUPC 
+/~ Local protocol: IUPC in case of oxytocin 
augmentation during TOLAC, aim MVU’s < 
200
~ Two investigators were not blinded

6 (4/1/1)

Buhimschi
2005

Retrospective cohort
USA
1991-2000

-Rupture N=26, 100% previous CS
-In 96,590 deliveries.

IUPC 
100%

During at least one hour prior to uterine 
rupture, the average MVU/10min [range] was 
205 [160-300] oxytocin group and 247 [140-
380] prostaglandin/oxytocin group

+ Two independent investigators
~ 15 analysis based on notes or records; no 
CTG
~ No comparison with controls

5 (3/0/2)

NO CHANGES IN UTERINE ACTIVITY

Study Design Population Method Findings Study characteristics Quality*  

Menihan 
1998              

Retrospective cohort
USA
1990-1995

-Rupture N=11, 100% previous CS
-In 3,353 women during TOLAC

IUPC: 
36%

All normal uterine activity before onset 
bradycardia. Decrease/cessation uterine tone 
was not observed. 

~ Definition decrease or cessation? 5 (3/0/2)

Phelan
1998

Case control 
USA
1994

-Rupture N=18, 94% previous CS
-Control 1) N=35 successful VBAC
-Control 2) N=33 SVD
-Controls delivered in nov-dec 1994; all 
VBAC and every 20th SVD

Most 
TOCO

Hyperstimulation: 
- 61% rupture, 74% VBAC, 64% SVD 
Tetanic episodes: 
- 67% rupture, 54% VBAC, 85% SVD 
No significant differences between groups.

+ Hyperstimulation >5/10min
+ Tetanic episode = contraction >90 sec
~ Selection method: severe neonatal brain 
injury
~ One investigator

4 (2/1/1)

Leung
1993

Retrospective cohort
USA
1983-1992

-Rupture N=86, 100% previous CS
-In 11,179 during TOLAC

ND Decrease of uterine tone or cessation of 
uterine activity has not been observed. 

+ Complete, partial or no fetal extrusion.
~ Definition decrease or cessation?

4 (3/0/1)

Rodriguez
1989

Retrospective cohort
USA
1979-1988

-Rupture N=76, 79% previous CS
-In 138,853 deliveries

IUPC: 51% Decrease of uterine activity was not observed 
with IUPC (N=39).

~ Definition decrease? 5 (3/0/2)

CI = confidence interval; CS = caesarean section; CTG = cardiotocogram; IUPC = intra-uterine pressure 
catheter; MVU = Montevideo units; ND = not described; SVD = spontaneous vaginal delivery;  TOCO = 
external tocodynamometry; TOLAC =trial of labour after previous caesarean section; VBAC = vaginal birth 
after caesarean
Method = uterine monitoring technique
+ = positive study characteristic. 
~ = negative study characteristic
* Quality assessment according to Newcastle-Ottawa quality assessment scale for case-control and 
cohort studies (selection/comparability/outcome, maximum score 9)



Uterine activity characteristics associated with uterine rupture: A systematic review   |   151

7

TABLE 1 - CONTINUED

INCREASING BASELINE 

Study Design Population Method Findings Study characteristics Quality*  

Zwart 
2009

Prospective cohort
Netherlands
2004-2006

-Rupture N=210, 87% previous CS
-In 358,874 deliveries

ND 20.2% (38/188) hypertonia + Large nationwide prospective study
~ Definition of hypertonia?

4 (3/0/1)

Rodriguez
1989

Retrospective cohort
USA
1979-1988

-Rupture N=76, 79% previous CS
-In 138,853 deliveries

IUPC: 51% Increase of baseline uterine tone in 10.2% 
(4/39) using an IUPC. Decrease of uterine 
activity was not observed with IUPC (N=39).

~ Definition increasing baseline? 5 (3/0/2)

MONTEVIDEO UNITS

Study Design Population Method Findings Study characteristics Quality*  

Maggio 
2014

Case-control 
USA
2007-2010

-Rupture N=9, 100% previous CS
-Control 1, N=48, successful VBAC
-Control 2, N=35, failed TOLAC
-In 986 women attempting TOLAC

IUPC 
100%

The MVU in 120 minutes prior to uterine 
rupture, CS or complete dilation in VBAC 
were similar among all groups: medians 
ranged respectively 130-195,145-190 and 140-
175.

+ 120 min of labour with IUPC 
+/~ Local protocol: IUPC in case of oxytocin 
augmentation during TOLAC, aim MVU’s < 
200
~ Two investigators were not blinded

6 (4/1/1)

Buhimschi
2005

Retrospective cohort
USA
1991-2000

-Rupture N=26, 100% previous CS
-In 96,590 deliveries.

IUPC 
100%

During at least one hour prior to uterine 
rupture, the average MVU/10min [range] was 
205 [160-300] oxytocin group and 247 [140-
380] prostaglandin/oxytocin group

+ Two independent investigators
~ 15 analysis based on notes or records; no 
CTG
~ No comparison with controls

5 (3/0/2)

NO CHANGES IN UTERINE ACTIVITY

Study Design Population Method Findings Study characteristics Quality*  

Menihan 
1998              

Retrospective cohort
USA
1990-1995

-Rupture N=11, 100% previous CS
-In 3,353 women during TOLAC

IUPC: 
36%

All normal uterine activity before onset 
bradycardia. Decrease/cessation uterine tone 
was not observed. 

~ Definition decrease or cessation? 5 (3/0/2)

Phelan
1998

Case control 
USA
1994

-Rupture N=18, 94% previous CS
-Control 1) N=35 successful VBAC
-Control 2) N=33 SVD
-Controls delivered in nov-dec 1994; all 
VBAC and every 20th SVD

Most 
TOCO

Hyperstimulation: 
- 61% rupture, 74% VBAC, 64% SVD 
Tetanic episodes: 
- 67% rupture, 54% VBAC, 85% SVD 
No significant differences between groups.

+ Hyperstimulation >5/10min
+ Tetanic episode = contraction >90 sec
~ Selection method: severe neonatal brain 
injury
~ One investigator

4 (2/1/1)

Leung
1993

Retrospective cohort
USA
1983-1992

-Rupture N=86, 100% previous CS
-In 11,179 during TOLAC

ND Decrease of uterine tone or cessation of 
uterine activity has not been observed. 

+ Complete, partial or no fetal extrusion.
~ Definition decrease or cessation?

4 (3/0/1)

Rodriguez
1989

Retrospective cohort
USA
1979-1988

-Rupture N=76, 79% previous CS
-In 138,853 deliveries

IUPC: 51% Decrease of uterine activity was not observed 
with IUPC (N=39).

~ Definition decrease? 5 (3/0/2)

CI = confidence interval; CS = caesarean section; CTG = cardiotocogram; IUPC = intra-uterine pressure 
catheter; MVU = Montevideo units; ND = not described; SVD = spontaneous vaginal delivery;  TOCO = 
external tocodynamometry; TOLAC =trial of labour after previous caesarean section; VBAC = vaginal birth 
after caesarean
Method = uterine monitoring technique
+ = positive study characteristic. 
~ = negative study characteristic
* Quality assessment according to Newcastle-Ottawa quality assessment scale for case-control and 
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No change in uterine activity
Uterine activity patterns of uterine ruptures resulting in permanent severe brain injury 
have been examined by Phelan et al.28 No significant difference in the occurrence of 
hyperstimulation or tetanic episodes was found. A retrospective study of Menihan et al. 
focused on both features of FHR and uterine activity patterns in 11 cases of uterine rupture 
with 36% (4/11) IUPC monitoring; no change in uterine activity was found.31 Leung et al. 
analysed uterine activity amongst numerous other features in 86 cases of uterine rupture 
during TOLAC, and observed no decrease of uterine tone or cessation of contractions. 
Their tocographic method was not described.32 Finally, Rodriguez et al. also observed no 
decrease in 39 cases monitored with IUPC.29
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DISCUSSION

In this systematic review of the literature, several changes in uterine activity have been 
identified to be associated with uterine rupture: hyperstimulation, decrease in uterine 
activity, an increased or reduced baseline tonus. Of these tocogram characteristics, only 
hyperstimulation could be evaluated in a meta-analysis: showing an increased risk of 
uterine rupture in case of hyperstimulation, on the margin of significance (p=0.06). Fur-
thermore, in a large prospective study hypertonia was reported in 20% of the cases and 
acute absence of contractions in 14%.10 

We are aware that the majority of the included studies are of retrospective design (12 
out of 13). Since uterine rupture is a relatively rare event, retrospective study designs are 
commonly used. However, this carries the risk of selection bias. For example, Phelan et 
al. identified their cases within the National Registry of Brain Injured Babies, including 
only those uterine ruptures resulting in severe perinatal morbidity or ‘silent’ uterine 
ruptures potentially leading to selection bias.28 This study was therefore not included 
in the meta-analysis on uterine hyperstimulation. The size of the retrospective study 
populations also showed a strong variation, from 9 up to 86 cases of uterine rupture. 
And the two large retrospective studies showed dissimilar results compared to the single 
prospective study: Leung et al. (n=86) and Rodriguez et al. (n=39) observed no decrease 
of uterine activity29,32, while Zwart et al. revealed acute absence of contractions in 14% 
of uterine rupture cases (25 out of 184) in their prospective study.10 Furthermore, our 
systematic search identified multiple large studies regarding uterine ruptures in which 
information on the tocogram was not provided, which could entail publication bias. For 
example, Al-Zirqi et al. (n=94) and Kwee et al. (n=98) identified a total of 192 uterine 
ruptures, yet both studies did not analyse uterine activity patterns.8,33 And we excluded 
the study of Kayani et al. because there was no uterine activity evaluation, while they 
do report that ‘the intrauterine pressure catheter recordings have contributed to the 
diagnosis of uterine rupture’.34 

In this systematic review, we are interested in tocogram characteristics of complete uter-
ine rupture during TOLAC. Uterine rupture concerns a challenging diagnosis. This is 
reflected in the diverse definitions of uterine rupture in the included studies. A complete 
uterine rupture, defined as disruption of all the layers of the uterine wall resulting in 
direct communication between the uterine cavity and peritoneal cavity, might result 
in different symptoms than dehiscence of the uterine scar, in which case the serosa is 
still intact leading to minimal intra-abdominal bleeding and often few or no symptoms. 
Several studies identified their cases based on the International Classification of Diseases 
(ICD-9) coding for uterine rupture during labour, which does not discriminate between 
a complete rupture or dehiscence.14,24,31 Furthermore, we are aware that not all cases of 
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the included studies concerned women with a previous uterine scar (79% up to 100%). 
Finally, uterine activity parameters have not been clarified in some studies. For example, 
Zwart et al. described hypertonia in 20% of the uterine rupture cases, but did not define 
hypertonia.10 Whereas studies examining a decrease in uterine activity did not provide 
a percentage in decrease. Therefore, our systematic review might consist of a mix of 
both complete and incomplete uterine ruptures, scarred and unscarred uteri, and uterine 
activity characteristics might be indistinct. 

Continuous electronic fetal monitoring is recommended during TOLAC, whilst there is 
no consensus about the method for monitoring contractions.12,16 International guidelines 
concerning TOLAC do not recommend routine use of IUPC’s as they do not assist in 
the diagnosis of uterine rupture.12,16 Yet, compared to TOCO, an IUPC has the advantage 
of providing quantitative measurement of uterine resting tone as well as the intensity 
and MVU of contractions, possibly contributing to the diagnosis of a uterine rupture. 
Unfortunately, in this systematic review half of the studies do not document their toco-
graphic method, impeding the comparison of the two modalities used for monitoring 
uterine contractions. Two features of the tocogram however, a decrease in contraction 
amplitude and increasing baseline pressure, are only observed using an IUPC. Rodriguez 
et al. noticed an increase of baseline uterine tone in 4 out of 39 women monitored IUPC, 
while not visible in the 29 women monitored with TOCO.29 This might indicate that an 
IUPC is needed to observe these subtle changes in the tocogram. The use of IUPC during 
TOLAC is not supported by Maggio et al. who found no differences in MVU between 
uterine ruptures and VBAC.35 Devoe et al. also revealed no change in uterine tone and 
peak uterine pressure 2.5 min after uterine incision for CS.36 Possibly, the observed changes 
can also be influenced by localisation of the catheter.26 The results of this review do not 
provide solid evidence for the standard use of an IUPC. Nevertheless, this does not negate 
the need for adequate uterine monitoring during TOLAC. 

The observed association of hyperstimulation and uterine rupture have no trivial relation. 
The relationship could be causal in nature in the sense that hyperstimulation by oxy-
tocin administration leads to increased stress on the uterine scar and eventually failure. 
Alternatively, failure of the scar could cause an increase in contraction frequency due to 
blood in the intra-abdominal cavity causing excitation of the myometrium, in this way 
preceding a complete rupture. However, based on the physiology of uterine contractions, a 
decrease rather than an increase in contraction frequency caused by a loss of wall tension 
is to be expected.18,37 The combination is also conceivable and could explain why both 
changes in contraction frequency were observed: hyperstimulation causing rupture of the 
scar and then leading to a cessation of uterine contractions. It is remarkable that the only 
study of ruptures with severe neonatal brain injury showed significant less contractions 
in the uterine rupture group, which might indicate that the disastrous event has already 
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occurred.28 Finally, it could also be a confounding factor, associated with for instance pro-
longed deliveries, abnormal fetal presentation or macrosomia. The information available 
does not permit further analysis of this relationship.

In literature, FHR abnormality is the most common sign associated with uterine rupture, 
which has been reported in up to 70% of the cases of uterine rupture.16 Andersen et al., 
even revealed that none of the uterine rupture cases had a completely normal cardioto-
cogram (CTG) according to the International Federation of Gynaecology and Obstetrics 
(FIGO) guidelines 25. Only a great number of severe variable decelerations, fetal bradycar-
dia or pre-terminal CTG were significant pathologic fetal heart pattern to differentiate 
uterine rupture from successful VBAC.14,25 We calculated the positive predictive values 
(PPV) of several FHR and uterine activity patterns in the study of Ridgeway et al., based 
on a contingency table and corrected for an estimated uterine rupture prevalence of 1.0%. 
For example, the estimated PPV for bradycardia in second stage was 8.3%. In addition, the 
PPV of mild-moderate and severe variable decelerations in first stage was 1.2% and 4.0% 
respectively.14 Andersen et al. showed comparable low diagnostic values of FHR char-
acteristics.25 This compares to the predictive value of uterine hyperstimulation of 4.8% 
less than two hours prior to delivery, as evaluated in the study of Pryor et al.24 Hence, an 
abnormal CTG cannot be considered as a strong predictor of uterine rupture.25 Physician 
decision-making should therefore be based on monitoring clinical signs, FHR patterns 
and uterine activity during TOLAC.25

International guidelines report a two- to three-fold increased risk of uterine rupture 
during induction and augmentation of labour.12,25,38 This could be related to the increased 
risk of uterine hyperstimulation due to oxytocin usage. In the study of Craver Pryor et al., 
uterine rupture cases experienced a significant longer duration of oxytocin and maximum 
dose of oxytocin compared to controls.24 However, no significant differences in oxytocin 
were reported by Goetzl et al.23 These somewhat contradictory results support to at least 
closely monitor the use of oxytocin in order to prevent hyperstimulation. Therefore, 
special attention should be paid to monitor the contraction frequency and to correct 
the frequency pattern as necessary. Unfortunately, substandard care during TOLAC is a 
common problem. For example, a proper assessment of the uterine activity could not be 
made in 28% of the cases in last hour prior to uterine rupture in the study of Andersen 
et al.25 Moreover, current guidelines do not recommend a strict contraction frequency. 
Based on our results, we would advise to aim for 3 to 5 contractions per 10 min. More than 
5 contractions per 10 min should be corrected with oxytocin reduction or tocolytic drugs. 
And if no adequate tocogram can be obtained with TOCO, alternative tocographic tech-
niques like an IUPC or an EHG based method should be considered in order to guarantee 
adequate uterine monitoring and to prevent hyperstimulation.39,40
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CONCLUSION

Uterine rupture can be preceded or accompanied by several types of changes in uterine 
contractility including hyperstimulation, reduced number of contractions, increased or 
reduced baseline tonus. While no typical pattern has been repeatedly reported, we advise 
close follow-up of uterine contractility for early detection of atypical changes, and to 
prevent uterine hyperstimulation.
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General discussion and future perspectives

In this PhD thesis, a higher sensitivity of electrohysterography (EHG) compared to 
external tocodynamometry (TOCO) for uterine monitoring during term labour of both 
non-obese and obese women has been shown. This statement is not only supported by 
the results of our prospective study1, but also by studies evaluating other (real-time) 
EHG-systems.2-7 Therefore, next to TOCO and the intra-uterine pressure catheter (IUPC), 
obstetrical caregivers now have a third uterine monitoring technique at their disposal. 
Yet, how should EHG be used in daily practice on the labour ward? Obstetrical caregiv-
ers should balance the advantages and limitations of EHG to the currently available 
techniques. Primary, they should consider basic principles of medicine such as ‘doing 
no harm’8, and ‘diagnosing the target condition as accurately as possible’, also known as 
the ‘gold standard’.9 In addition, there are currently several challenges in perinatology for 
which EHG might be of added value, such as maternal obesity10,11, induction of labour12, 
trial of labour after caesarean (TOLAC)13, and preterm labour.14,15 Last but not at least, 
obstetrical caregivers should take into consideration legal terms16, and the preferences 
of patients and users.17  

Primum non nocere
A fundamental principle in medicine is that doctors should ‘do no harm’.8 Non-invasive 
uterine monitoring techniques are thus preferred above invasive methods as the latter 
can potentially ‘do harm’. IUPC is an invasive method requiring ruptured membranes and 
leading to additional risks.18 Case reports have reported severe IUPC-related complications 
such as placental damage or uterine perforation resulting in fetal hypoxia or death.19 Even 
one baby dying from an IUPC-related complication is one too many. Additionally, observa-
tional studies have described an increased infection risk related to internal monitoring.20,21 
However, in the study of Soper et al., their might have been some bias as the group with 
an intra-amniotic infection had not only a higher rate of internal monitoring, but also a 
longer duration of ruptured membranes, a longer duration of labour, a higher number of 
vaginal examinations and a higher caesarean section (CS) rate.20 Furthermore, the risks 
related to the invasiveness of IUPC appear to be minor as post-hoc analysis of 1435 women 
in a large Dutch randomised controlled trial (RCT) reported no increased infection risk22, 
and a Cochrane review reported no major complications in 977 women.23 Therefore, the 
potential ‘harm’ related to IUPC is rare, yet can be very severe.

Because of its non-invasiveness, TOCO is currently the method of choice as it is a safe 
option by measuring contraction-induced changes of the abdominal wall.18 However, a 
lower sensitivity of TOCO compared to internal monitoring has been demonstrated in 
our review in Chapter 3. The average sensitivity of TOCO uterine contraction detection 
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was 46-74%1,2,4,5,7, which means that TOCO misses a significant number of contractions. 
Moreover, the sensitivity of TOCO further decreases to 45-51% in case of maternal obesity 
as shown in Chapter 3 and 5.1,2 Inadequate uterine monitoring can result in unrecog-
nised uterine hyperactivity and insufficient relaxation time to re-oxygenate the placental 
tissue, causing fetal distress and caesarean delivery.24-27 Therefore, inadequate external 
monitoring could also ‘do harm’ to both fetus and mother if it fails to adequately monitor 
the uterine activity pattern.

With the introduction of real-time EHG, obstetrical caregivers can combine both safety 
and accuracy. EHG reaches high sensitivity results of 86%-98% like IUPC, as shown in 
Chapter 3 and 4. Additionally, EHG ‘does not harm’ as it monitors uterine contractions 
non-invasively like TOCO while its sensitivity is significantly higher than TOCO.

Gold standard
Another fundament of medicine is to accurately diagnose the target condition. The diag-
nostic test that is the best available ‘under reasonable conditions’ is considered as the 
gold standard. The origin of this term ‘gold standard’ goes back to the mid-1800s. It was 
developed for the world trade market to standardise transactions by a monetary system 
based on a fixed quantity of gold.9 In medicine, physicians rely on gold standards, i.e., 
designated methods that accurately diagnose their target disease. Yet, they should be 
aware that even a gold standard might not be 100% accurate.9  

For uterine monitoring during labour, the IUPC is currently considered as the gold stand-
ard, although its use is not widespread.18 IUPC provides the best tracings in more than 95% 
of the cases7,28, including a quantitative and objective measurement of the intra-uterine 
pressure (IUP) in millimetres of Mercury (mmHg).18 IUPC can provide accurate infor-
mation on the baseline tonus, contraction frequency, contraction duration, contraction 
intensity and relaxation time.18 The cut-off for Montevideo units (MVU) of 200 is based 
on a retrospective study of Hauth et al. in which 91% of the women with labour aug-
mentation and spontaneous vaginal delivery achieved at least 200–224 MVU.29 Post-hoc 
analyses of a Dutch RCT also showed that IUP measurements can help the obstetrician, 
as lower MVU values (<100 or 100-199 mmHg) were associated with an increased CS risk 
while higher MVU values (200-299 and >300 mmHg) were associated with a decreased 
CS risk.30 This suggests that IUP is associated with mode of delivery.

However, from physiological perspectives, it is valid to re-evaluate IUPC as gold standard. 
IUPC measures an indirect effect of uterine contractions, i.e., increase of the IUP, while the 
origin of uterine contractions, i.e., increase of the uterine electrical activity is measured by 
EHG. Several studies of our systematic review in Chapter 3 revealed a lower contraction 
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frequency measured by IUPC compared to EHG, which could be based on measuring the 
result instead of the origin of contractions.1,4,7,31 Due to complex physiology of uterine 
contractility32,33, the ‘extra’ contractions might be actual local activity patterns, which 
are not globally transferred throughout the whole myometrium.34 This results in EHG 
bursts without increase of the IUP. In addition, the location of the catheter inside the 
uterine cavity and the positioning of the pregnant women can affect the measured IUP. 
Studies with two catheters in one uterine cavity (either tightened together, or in different 
locations) revealed differences in the measured pressure value for each contraction.35,36 
IUPC is also not free of technical issues such as blockage of the catheter by meconium 
or insufficient monitoring due to inadequate positioning.7,28 In addition, the quantifying 
IUP-parameters do not assess the shape of the contraction waveform or uterine tachy- 
systole, and aiming for a pre-set IUP did not improve perinatal outcome as shown by two 
RCTs.18 Finally, a Cochrane review reported no improvement of labour outcome with IUPC 
compared to TOCO.23 In conclusion, despite adequately diagnosing contractions, IUPC has 
physiological shortcomings and has not shown to affect perinatal outcome.

These test characteristics of IUPC should be balanced against the two other available 
modalities, TOCO and EHG, as described in Chapter 3. One might consider TOCO as gold 
standard ‘under reasonable conditions’ as it can be easily applied by nursing staff and is 
capable of providing an adequate tocogram non-invasively. It also can be applied through-
out pregnancy and labour as it does not require ruptured membranes nor cervical dilation 
as does IUPC.18  Yet, TOCO does not full fill the criteria of diagnosing the target condition 
‘accurately’ considering its low sensitivity of 46 to 74% in all women1,2,4,5,7, and 45 to 51% in 
obese women.1,2 Furthermore, with TOCO it can be difficult to provide a tocogram of con-
tinuous good quality.37 The alternative gold standard might be EHG which is non-invasive 
like TOCO as well, yet provides a significant higher ‘accuracy’ with sensitivity values of 86% 
up to 98%.1,2,4,5,7 Furthermore, EHG can provide a more continuous tocogram of good quality 
due to its adhesive properties.4,5 However, EHG is susceptible to electrical artefacts result-
ing in false positive contractions and a lower sensitivity during second stage of labour.1,7 
In addition, first-time users require adequate training as the performance of EHG relies on 
correct application, i.e., positioning and skin preparation (Chapter 7).

In conclusion, obstetrical caregivers should reconsider the current gold standard for 
uterine monitoring during labour, because IUPC measures the indirect result of uter-
ine contractions while EHG measures the origin of contractions, and TOCO has a low 
sensitivity while EHG can provide a higher sensitivity in a non-invasive manner as well. 
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Maternal obesity 
EHG could be of added value in case of maternal obesity, which is one of the largest 
challenges of maternity care in the 21th century.11 Currently, 20% of the women in the 
European Region and up to 33% of the population in the United States are obese.38 Exter-
nal pregnancy monitoring techniques such as ultrasound and TOCO are hampered by 
the increased abdominal fat tissue leading to suboptimal screening for growth moni-
toring and fetal surveillance, respectively.11 In addition, obese women are at increased 
risk of numerous hypertensive or diabetic pregnancy complications39, and because of 
these indications, induction of labour is also more frequently performed. Therefore, obese 
women have an overall increased risk of labour complications which requires optimal 
fetal-maternal surveillance. 

Unfortunately, inadequate uterine monitoring in obese women by TOCO is an everyday 
problem on the labour ward, while IUPC is not preferred because of its invasiveness.40 
EHG might overcome this problem in a non-invasive manner. As shown in Chapter 5, 
the sensitivity of EHG was significantly higher (90%) than TOCO (65%) in obese women 
and even larger differences were reported (87% vs. 45% respectively) for morbidly obese 
women. Furthermore, the performance of TOCO significantly decreased in case of a 
higher maternal body mass index (BMI), a greater abdominal circumference or a less 
palpable uterus while this was not shown for EHG.2 

Despite these adequate EHG performances in obese women, we are aware that uterine 
electrical signals are not immune to subcutaneous fatty layers. Our study results have 
shown a weak negative correlation (r ranged from 0.24 to 0.27) on the margin of signif-
icance (p-values ranged from 0.06 to 0.09) between the sensitivity of EHG and several 
obesity parameters. In any case, it is still useful to position both TOCO and EHG at the 
shortest distance of the abdominal wall with the uterine muscle. 

Overall, external uterine monitoring in obese women can be significantly enhanced by 
EHG because it is much less affected by maternal obesity than TOCO.

Induction of labour
Induction of labour refers to aiming at delivery prior to the onset of spontaneous labour. 
This intervention is indicated when the maternal and fetal risks related to the contin-
uation of pregnancy are greater than those risks related to early delivery. The overall 
frequency of labour induction has significantly increased worldwide, from 10% in 1990 up 
to 24% in 2010 in the United States.41 Methods of labour induction (e.g., balloon catheter, 
prostaglandins, artificial rupture of membranes, and oxytocin infusion) aim at provoking 
uterine contractions for the beginning of labour.12 During induction of labour by any 



General discussion and future perspectives   |   167

8

method, oxytocin is mostly used to further augment labour. Unfortunately, induction of 
labour can lead to iatrogenic uterine tachysystole and CS in response to a non-reassuring 
fetal heart rate (FHR) pattern.26 Continuous cardiotocography (CTG) is therefore needed 
to closely monitor the uterine activity pattern and fetal wellbeing, and to promptly 
decrease or discontinue the intravenous infusion of oxytocin.12,42 Additionally, oxytocin 
is often involved in obstetrical malpractices,43 thus providing an additional necessity for 
CTG monitoring. The CTG becomes even more important when labour is being induced 
because of intra-uterine growth restriction or when the fetal condition is of concern. 
Therefore, good quality uterine monitoring might be helpful in case of labour induction.
 
A Dutch multicentre RCT and Cochrane review investigated this question by compar-
ing IUPC to the conventional TOCO in case of labour induction or augmentation.23,44 
They found no significant differences in the operative delivery rate (CS or instrumental 
vaginal delivery) or adverse neonatal outcome. Therefore, worldwide guidelines do not 
recommend the routine use of IUPC during induction of labour. Yet, the multicentre RCT 
has several limitations.44 There was a significant cross-over (138 women) from TOCO to 
IUPC for amnion infusion (7.1%) or because of non-progressive labour and inadequate 
monitoring (12.0%). Additionally, the pregnant women crossing-over because of non- 
progressive labour were more likely to be nulliparous, had pre-eclampsia or hypertension, 
had a higher BMI before pregnancy, and were more likely to have a CS. Therefore, in 
their intention-to-treat analysis, the study compared ‘standard IUPC’ compared to ‘IUPC 
on indication’. However, the per-protocol analysis revealed no differences as well. Other 
limitations are that the RCT was powered on a 20% reduction of the operative delivery 
rate and not on a reduction of fetal asphyxia, and that women with a previous caesarean 
scar were excluded. Finally, the study protocol advised to aim for 200 MVU29, however 
did not provide guidelines on the recommended contraction frequency and what to do 
in case of uterine tachysystole, especially related to oxytocin titration. Thus, based on 
these major limitations, one might reconsider their conclusions. 

Therefore, if TOCO is inadequate during induction or augmentation of labour, a better 
technique should be applied as an obstetrician is obliged to adequately monitor the 
results of its actions. Preferably, the first alternative for TOCO should be EHG because of 
its non-invasiveness instead of the invasive IUPC.

Trial of labour after caesarean
There is a worldwide increasing incidence of planned CS in both developed and devel-
oping countries. Since the publication of the Hannah-trial in 2004, more women opt for 
a planned CS for breech positioning at term as this study reported a decreases risk of 
adverse perinatal outcome compared to a planned vaginal delivery.45 In addition, in many 
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parts of the world, women opt for elective CS because of various other reasons. The World 
Health Organisation (WHO) recommends a maximum CS rate of 10-15%46, while the per-
centage of planned CS (cephalic or breech position) in Brazil has reached up to 43% in the 
public sector and 88% in the private sector47, indicating a high incidence of elective CS. 
China showed similar figures with an average CS rate of 46%. However, in China, these 
figures might be changing as the country has ended its one-child policy in 2015.48 On the 
one hand, Chinese women with a previous caesarean scar might be more motivated for 
a vaginal delivery because of the decreased maternal morbidity and decreased risks of 
future pregnancies. On the other hand, Chinese obstetricians might not be motivated to 
perform TOLAC because of their limited experiences.

Overall, there will be a growing number of pregnant women with a previous caesarean 
scar worldwide. During their next pregnancy, these women can choose between a planned 
repeat CS or TOLAC.49 A repeat CS can avoid the fetal risks related to uterine rupture 
during TOLAC, however multiple caesarean deliveries are associated with additional 
potential risks such as abnormal placental attachment and increased blood loss during 
next pregnancies.49 TOLAC has a success rate of 75% and a shorter recovery period, but is 
associated with a less than one percent risk of uterine rupture.50-53 Unfortunately, timely 
diagnosing a uterine rupture remains challenging as the symptoms can appear at a late 
stage or may not be present at all. Clinical guidelines concerning TOLAC mainly focus on 
FHR abnormalities and clinical signs.54-56 However, changes in the uterine activity can be 
expected as uterine rupture is based on the pathophysiology of complete uterine wall sep-
aration. In addition, signs in the uterine activity pattern might help making TOLAC safer. 

In our systematic review described in Chapter 7, several changes in uterine activity 
measured by IUPC or TOCO have been associated with uterine rupture, such as uterine 
hyperstimulation, a decrease in uterine activity, and an increased or reduced baseline 
tonus.57 Of these tocogram characteristics, a meta-analysis on hyperstimulation showed 
an increased risk of uterine rupture, on the margin of significance (p=0.06).57 Furthermore, 
hypertonia was reported in 20% of the cases of uterine rupture, and acute absence of 
contractions in 14%. Unfortunately, we found no studies or case reports evaluating EHG-
based tocograms in case of uterine rupture. However, colleagues de Lau et al. did explore 
the potential of EHG propagation characteristics for evaluating possible disruption of 
the uterine scar.58 With a 64-channel electrode grid across the caesarean scar during 
the first stage of TOLAC, they evaluated the inter-channel correlation and propagation 
direction by EHG analysis. No significant differences were observed between the group 
of patients with an intact uterine scar (n=6) and the group without uterine scar (n=5). 
However, a strong predominance of vertical propagation was observed in one case, in 
which scar rupture occurred.58 These results support unaffected propagation of electrical 
activity through the intact uterine scar tissue suggesting that changes in EHG might only 
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occur in case of rupture. More research in necessary to further explore the use of EHG 
for detecting a uterine rupture.

For now, if no adequate tocogram can be obtained with TOCO during TOLAC, alternative 
tocographic techniques like an IUPC or an EHG-based method could be applied to guar-
antee adequate uterine monitoring and to prevent uterine hyperstimulation. 

Legal terms
This PhD-thesis has validated a novel EHG system that can be used in real-time on 
the labour ward. However, before using any novel medical device in daily practice, the 
manufacturer needs to meet the legal regulations to ensure that the medical device is 
acceptably safe to use and suitable for the intended purpose. 

It took several decades before this legal step could be taken for EHG. Already in 1950, EHG 
for uterine monitoring during term labour has been described.59,60 Next, numerous studies 
have been performed to evaluate types of IUP estimations, electrode configurations and 
artefact eliminations.61-64 Eventually, these studies have resulted in the development of 
several real-time technologies. In the European union, these medical devices need to 
follow the Medical Device Direct and acquire Conformité Européenne (CE) marking to be 
sold within the European Union.65,66 For the United States, medical devices are regulated 
under the Federal Food Drug and Cosmetic Act and require approval from the Food and 
Drug Administration (FDA).66,67 The in this PhD-thesis studied real-time EHG system was 
granted CE-marking in 2013 and FDA-approval in 2017. 

Despite these regulations, physicians should still be aware that there still have been sev-
eral problems with medical devices.16 In 2010, there has been a scandal with the silicone 
breast implant “PIP” (Poly Implant Prosthesis).68 A French company produced PIP- 
implants for which they granted the CE mark in 1997. However, since 2001, they had been 
illegally selling breast implants made from cheaper industrial silicone instead of the 
authorised medical silicone. The unapproved implants were found to have a significant 
higher risk of leaking than the approved implants, resulting in numerous re-surgeries, 
several deaths due to toxicity and several cases of induced breast cancer. 

Even when the manufacturer follows all rules, there might still be problems with new 
medical devices related to unrecognised long-term problems as shown by two gynaeco-
logical devices.69 Transvaginal mesh implants have been applied to treat stress urinary 
incontinence and pelvic organ prolapse, for which the FDA gave approval. Unfortunately, 
mesh implants appeared to be related to serious complications, such as exposure, infec-
tion, pain and organ perforation. Therefore, the FDA reclassified the transvaginal mesh as 
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a high-risk device.70 Another example is the Essure device, approved by the FDA in 2002, 
which is a permanent birth control method by blockage of fallopian tubes by two flexible 
coils made of nickel, titanium and polyethylene fibres.71 Afterwards, the women reported 
a wide range of symptoms such as pain, tiredness, blood loss, memory loss, mood swings 
and concentration problems which they related to Essure.72 Consequently, the authorities 
started a thorough investigation to outweigh its benefits and risks. However, in 2017 the 
manufacturer decided to take the device off the market. 

Overall, each novel technology needs to acquire CE- or FDA-marking before becoming 
available on the commercial market. However, even if a medical device has acquired 
these markings, its use should be carefully monitored as the device might not be free of 
problems due to unknown short or long-term risks.73 The Dutch Association of Medical 
Specialists has therefore developed guidelines on the use of (innovative) technologies, 
thereby taking into consideration the risk-classification of each medical device.74 The 
abovementioned invasive devices need to follow very stringent regulations, while this 
will be less strict for EHG as its potential risks are considered significantly lower due to 
the non-invasiveness and external application. However, we advise that when real-time 
EHG systems will be implemented in daily practice, the manufacturers and physicians 
should closely monitor any potential (long-term) side-effects.

Users’ and patients’ preferences
Patients opinions are getting more important nowadays. With the availability of the 
internet and social media, a growing majority of patients is seeking out these sources to 
acquire health information and to play a more active role in their healthcare decisions.17 
Unfortunately, there is limited information on patients’ and users’ preferences on uterine 
monitoring techniques while annually millions of pregnant women are being exposed 
to these techniques.

With this PhD-thesis, we are the first to evaluate patients’ preferences on uterine mon-
itoring techniques, as reported in Chapter 6. Our participants strongly preferred EHG 
(81%) because of its non-invasive and adhesive properties, while IUPC is invasive and 
TOCO is not self-adhesive. The presence of EHG during labour was significantly less 
bothering than both IUPC and TOCO. Women reported discomfort of TOCO due to the 
tight elastic belt around their abdomen. In addition, women were aware that their move-
ments during labour negatively affected the position of the abdominal TOCO transducer. 
As a result, TOCO required frequent adjustments by the medical staff, which could be 
bothering for the labouring women as well. Furthermore, EHG scored significantly better 
than TOCO and IUPC regarding its placement, which we did not expect as EHG requires 
skin preparation with abrasive sandpaper. Unfortunately, we did not perform a long-term 
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follow-up which could have been interesting as both the EHG electrodes and the abrasive 
sandpaper could cause local skin reactions. TOCO was only preferred by the women for its 
easy removal.

From users’ perspectives, on the ‘medical staff’ point of view, several studies have eval-
uated the interpretability of EHG-based tocograms. EHG-based traces were judged as 
more adequate, more interpretable, and easier to interpret than TOCO (Chapter 2 and 3). 
4,5,75 Yet, none of the studies investigated the users’ preferred uterine monitoring technique 
based on its practical aspects. Therefore, we interviewed the nurses of our labour ward about 
their experiences and preferences with IUPC, EHG and TOCO. The results of the question-
naire revealed no preference for one of the external methods. Many nurses reported that 
their preference is subject to situation and patient. They favoured TOCO when waterproof-
ness or mobility is needed, and EHG in case of maternal obesity or inadequate monitoring 
by TOCO. In addition, nurses were aware that once EHG was working properly, they would 
have a more continuous good quality tocogram which is less time-consuming. Yet, to 
achieve adequate monitoring by EHG, medical caregivers need to invest in education on 
the application of EHG. The abdominal patch should be positioned at the location with the 
smallest distance between the skin and uterine muscle. In addition, adequate skin prepara-
tion is essential for data acquisition which needs to be performed with an accompanying 
impedance meter. Finally, users should be aware that to improve the tocogram readability, 
a calibration function is required when using real-time EHG.

Overall, patients strongly preferred EHG over TOCO, while obstetrical caregivers report 
ambiguous results. Therefore, according to the Innovation Theory of Rogers, EHG is cur-
rently in the phase of the ‘early adopters’.76 To further support the implementation of 
EHG, there are still some improvements that could be helpful. The EHG method should 
be more user-friendly including an integrated impedance meter and combined non-in-
vasive registration of the FHR pattern. From patients’ perspectives, waterproofness and 
wireless is needed.

Future perspectives
Based on this PhD-thesis, EHG offers obstetrical caregivers a sensitive method to enhance 
external uterine monitoring throughout term labour of both non-obese and obese women. 
This thesis supports the use of real-time EHG on the labour ward. Physicians might decide 
to start using EHG in specific groups such as women with insufficient TOCO-monitoring, 
maternal obesity, TOLAC or induction of labour. Or they might decide to replace TOCO 
with EHG in all labouring women as it measures the origin of uterine contractions and 
could provide more detailed information on the uterine activity pattern.1 Further research 
is therefore necessary to evaluate the effect of EHG-based tocogram on perinatal outcome 
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(i.e., vacuum deliveries, CS and fetal outcome) by performing a RCT comparing TOCO 
with EHG. The alternative is to analyse the implementation of EHG, thereby achieving 
the Technology Readiness Levels (TRL) 7 and 8. However, to support the implementa-
tion of EHG, its user-friendliness should be improved by some technical alterations such 
as a wireless connection, an integrated impedance meter and a waterproof system. A 
cost-benefit analysis should also be performed, that considers not only the costs of each 
technique and the effect on perinatal outcome, but also the training of the medical staff, 
the amount of nursing interventions and patient comfort.2 

Furthermore, physicians should be aware that EHG for uterine monitoring during term 
labour is just one of its numerous potential applications. Another important EHG use 
is for the prevention and prediction of preterm labour, for which several study groups 
investigated the peak frequency, conduction velocity and conduction direction of the 
uterine electrical activity.14,77-79 Other study groups focused on the uterine contractility of 
the non-pregnant uterus.80 For example, EHG parameters have been related to the severity 
of dysmenorrhea or to the success of fertility treatments.80,81 However, these applications 
need to be further explored and are not yet available for use in daily practice.

For now, next to IUPC and TOCO, real-time EHG provides obstetrical caregivers an new 
alternative to monitor the uterine activity pattern during term labour. EHG should be 
balanced against the advantages and disadvantages of the currently available IUPC and 
TOCO, i.e., the accuracy and invasiveness of IUPC versus the inaccuracy and safety of 
TOCO. In conclusion, if the widely used TOCO inadequately monitors the uterine con-
tractions of a labouring woman, EHG should be available on the labour ward to safely 
improve intrapartum monitoring instead of the invasive IUPC.
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English Summary

Electrohysterography (EHG) is a novel technology for real-time uterine monitoring during 
labour. From electrodes placed on the maternal abdomen, EHG can provide an objective 
evaluation of the myometrium activity by measurement of biopotentials underlying 
uterine contractions. EHG has several advantages that could overcome the drawbacks of 
conventional uterine monitoring methods such as external tocodynamometry (TOCO) 
and the intra-uterine pressure catheter (IUPC) (Figure 1). Instead of the global variations 
of intra-uterine pressure (IUP) measured by IUPC, or distributed changes of the abdominal 
wall curvature provided by external TOCO, EHG provides more localised measurements. 
Since these measurements are related to the electrophysiological root cause of uterine 
contractions, EHG potentially allows for a more detailed diagnostic information. EHG 
can also enhance the reliability of external uterine monitoring compared to TOCO due 
to the adhesive properties of the contact electrodes, which are less sensitive to position. 
Additionally, improved EHG measurements have been demonstrated to be less sensitive 
to the presence of excessive subcutaneous tissue (i.e., maternal obesity). Furthermore, 
patients and users might prefer EHG above conventional techniques due to improved 
comfort and portability. Considering the recent launch of systems aiming at providing 
real-time EHG-based tocograms, we expect the assessment of uterine contractions during 
term labour to be among the first clinical applications of EHG. In this PhD-thesis we 
evaluate real-time EHG in terms of diagnostic value, advantages and limitations, with 
special attention to conditions such as obesity and uterine rupture. 

Figure 1 – three methods for uterine contraction monitoring. 
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 (Adapted from Nemo Healthcare, Philips Healthcare and Saunders/Elsevier Inc. respectively.)
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Introduction of a novel technology
In Chapter 2, we introduced a novel real-time EHG system (PUREtrace) for uterine mon-
itoring during term labour. This innovative technology has been based on prototypes 
developed by the Eindhoven University of Technology (TU/e) in collaboration with the 
Máxima Medical Centre (MMC). EHG is indicated for labouring women when TOCO does 
not provide an adequate tocogram, such as in case of maternal obesity. This indication 
was supported by a case report of an obese woman with insufficient uterine monitoring 
by TOCO which was instead improved by EHG. Moreover, EHG could supply more detailed 
information about the uterine activity pattern, which was supported by a second case of 
a non-obese, labouring woman in which hypertonia was accurately measured by EHG.  

Diagnostic value, advantages and limitations of EHG
In Chapter 3, we provided an extended overview on the diagnostic value, advantages 
and limitations of EHG as uterine monitoring technique during term labour. Based on the 
results of a systematic review (including the results of our own validation study), EHG 
revealed a high sensitivity (range 86.0-98.0%) for uterine contraction detection during 
term labour and performed significantly better than TOCO (sensitivity range 46.0-73.6%). 
In case of maternal obesity, EHG could also enhance external uterine monitoring as it 
is significant less influenced by maternal obesity than TOCO. However, physicians do 
need to be aware that the contraction peak timing in real-time EHG differed several 
seconds from IUPC (either before or after). Additionally, EHG detected more contrac-
tions compared to both conventional technique (range 0.3 to 0.9 per 10 min), possibly 
due to measuring the origin of contractions instead of its result, which resulted in false 
positive contractions and a reduction of the PPV (range 78.7-92.0%). When using EHG 
to provide quantitative parameters, patient-dependent EHG amplitudes correlated well 
with IUP, whereas absolute figures showed to underestimate the amplitude. Furthermore, 
our review identified two EHG parameters to predict vaginal birth such as an electri-
cal activity pattern with more fundal direction and a lower peak frequency in case of 
spontaneous labour. Finally, when reviewing EHG from users’ perspectives, obstetrical 
caregivers evaluated EHG tocograms as more interpretable and adequate than TOCO. 
Patients’ experiences were not described in literature, and were presented for the first 
time in Chapter 6 of this PhD-thesis. 

Validation of real-time EHG
In Chapter 2 we announced the start of a prospective diagnostic accuracy study 
(‘W3-study’) to validate a novel real-time EHG system during term labour by comparison 
to IUPC and TOCO. In Chapter 4, we reported the main results of our study, in which 48 
term labouring women were simultaneously exposed to IUPC, TOCO and EHG for two 
hours. A computer-based algorithm automatically detected the contractions in each uter-
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ine monitoring strip. The main outcome parameter was the sensitivity of TOCO and EHG 
to detect uterine contractions, with IUPC as the method of reference. EHG demonstrated 
a high sensitivity (89.5%) for contraction detection, which was significantly higher than 
TOCO (sensitivity 65.3%). In subgroup comparisons, we also have shown a higher sensi-
tivity of EHG than TOCO in non-obese women, obese women and during the first stage 
of labour, but not during the second stage of labour. Finally, the contraction frequency 
was higher in EHG (0.4 per 10 min) compared to IUPC.

Maternal obesity
As maternal obesity is one of the greatest medical challenges for pregnancy and labour 
care in the 21st century, we evaluated the performance of EHG in obese women in Chapter 
5. External uterine contraction detection in morbidly obese women was better achieved 
by EHG (sensitivity 87.2%) than TOCO (sensitivity 45.0%). The sensitivity of EHG was 
non-influenced between groups of non-obese/obese/morbidly obese women, whereas 
TOCO sensitivity significantly decreased in case of maternal obesity. A similar relation-
ship was observed when comparing groups of women with good/moderate/poor uterine 
palpation: the sensitivity of EHG was non-affected, while the sensitivity of TOCO sig-
nificantly decreased when the uterus less adequately palpable. Finally, different from 
EHG as well, TOCO revealed a significant negative correlation with maternal BMI and 
abdominal circumference.

Users’ and patients’ preferences
By a customised questionnaire in the ‘W3-study’, we were the first to evaluate patients’ 
preferences on uterine monitoring techniques (Chapter 6). Our participants indicated 
to prefer EHG (80.8%) over IUPC (17.3%) and TOCO (1.9%). The placement and presence 
of EHG electrodes were considered as the least cumbersome, while TOCO was preferred 
for sensors removal. Our participants reported increased physical discomfort due to the 
TOCO belt (23.1%) and its frequent need for repositioning (28.8%). Healthcare profes-
sionals, instead, reported ambiguous results regarding their preferences for either of the 
external methods: 40.4% chose EHG and 35.1% chose TOCO. The users advised several 
technical alterations for EHG such as a wireless connection, an integrated impedance 
meter and a waterproof system. 

Tocogram characteristics of uterine rupture
In Chapter 7 we focused on the special case of uterine rupture in a systematic review. 
Several changes in uterine activity (measured by IUPC or TOCO) were identified to be 
associated with uterine rupture: uterine hyperstimulation, decrease in uterine activity, 
an increased or reduced baseline tonus. Of these tocogram characteristics, only uterine 
hyperstimulation could be evaluated in a meta-analysis: showing an increased risk of 
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uterine rupture in case of hyperstimulation, on the margin of significance (p=0.06). Fur-
thermore, in a large prospective study hypertonia was reported in 20% of the cases and 
acute absence of contractions in 14%. As EHG can provide more details on the uterine 
activity pattern, it might help to detect these uterine activity characteristics related to 
uterine rupture earlier.

Conclusion and future perspectives
In conclusion, this PhD-thesis shows that EHG is a sensitive method to improve exter-
nal uterine monitoring throughout term labour for both non-obese and obese women. 
Moreover, this thesis provides clinicians an extended overview of EHG characteristics for 
uterine monitoring during term labour that could be useful for optimal interpretation 
of EHG traces in clinics. In addition, it aids clinicians in better weighing the advantages 
and disadvantages of EHG versus IUPC and TOCO; i.e., the accuracy and invasiveness of 
IUPC, and the inaccuracy and safety of TOCO. Overall, this thesis supports obstetrical 
caregivers to start using real-time EHG on the labour ward.
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Nederlandse Samenvatting

Elektrohysterografie (EHG), oftewel de weeënpleister, is een nieuwe techniek om het 
weeënpatroon tijdens de bevalling te meten (Figuur 1). Met behulp van elektroden op 
de zwangere buik, geeft de weeënpleister een objectieve weergave van de baarmoeder- 
spieractiviteit door de onderliggende elektrische signalen van weeën te meten. De 
weeënpleister heeft een aantal voordelen ten opzichte van de huidige methoden voor 
weeënregistratie, namelijk de uitwendige tocodynamometer (TOCO), oftewel weeën-
band, en de inwendige drukkatheter (IUPC), oftewel druklijn (Figuur 1). In plaats van het 
meten van de globale drukveranderingen in de baarmoederholte zoals met de inwendige 
druklijn, of de vormveranderingen van de buikwand zoals met de uitwendige weeënband, 
meet de weeënpleister meer plaatselijke veranderingen. Deze nieuwe techniek kan meer 
gedetailleerde diagnostische informatie verschaffen omdat EHG metingen gerelateerd 
zijn aan de elektrofysiologische oorsprong van weeën. Daarnaast kan de weeënpleister, 
ten opzichte van de weeënband, de betrouwbaarheid van uitwendige weeënregistratie 
verbeteren dankzij de zelfklevende elektroden, welke minder gevoelig zijn voor positie 
veranderingen. Tevens is de weeënpleister minder gevoelig voor onderhuids vetweefsel, 
zoals bij zwangeren met obesitas. Ook zouden zowel patiënten als gebruikers een voorkeur 
kunnen hebben voor de weeënpleister vanwege de verbeterde comfort en draagbaarheid. 
Recent zijn een aantal real-time EHG systemen beschikbaar gekomen (waaronder de 
weeënpleister). Daarom verwachten we dat het registreren van het weeënpatroon tijdens 
de voldragen bevalling één van de eerste klinische toepassingen van EHG zal zijn. In 
dit proefschrift evalueren we real-time EHG voor wat betreft de diagnostische waarde, 
voordelen en tekortkomingen. Ook is er speciale aandacht voor zwangeren met obesitas 
of met een scheur van de baarmoederspier na een eerdere keizersnede.

Figuur 1 - Drie methoden voor weeënregistratie. 

Weeënpleister
(EHG)

Weeënband 
(TOCO)

Druklijn 
(IUPC)

(Deze afbeeldingen zijn overgenomen van Nemo Healthcare, Philips Healthcare en Saunders/Elsevier respectievelijk).
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Introductie van een nieuwe techniek
In Hoofdstuk 2 introduceerden we een nieuwe real-time EHG methode (de weeën-
pleister) om het weeënpatroon tijdens de voldragen bevalling te registreren. Dit 
innovatieve systeem is gebaseerd op prototypes welke zijn ontwikkeld door de Tech-
nische Universiteit van Eindhoven (TU/e) in samenwerking met het Máxima Medisch 
Centrum (MMC). De weeënpleister is geïndiceerd voor barende vrouwen waarbij het 
weeënpatroon met de uitwendige weeënband niet goed in beeld gebracht kan worden, 
zoals in het geval van obesitas bij de zwangere. Deze indicatie werd ondersteund door een 
voorbeeld van een zwaarlijvige vrouw waarbij de weeën slecht in beeld werden gebracht 
met de uitwendige weeënband, wat werd verbeterd met de weeënpleister. Daarnaast kan 
de weeënpleister meer gedetailleerde informatie verschaffen over het weeënpatroon, wat 
werd ondersteund door een tweede voorbeeld van een barende vrouw waarbij verhoogde 
baarmoederactiviteit nauwkeurig werd geregistreerd door de weeënpleister.   

Diagnostische waarde, voordelen en tekortkomingen van EHG
In Hoofdstuk 3 toonden we een uitgebreid overzicht van de diagnostische waarde, voor-
delen en tekortkomingen van EHG als weeënregistratie tijdens de voldragen bevalling. 
Gebaseerd op de resultaten van een systematische review (waarin ook de studieresultaten 
van de weeënpleister), had EHG een hoge sensitiviteit (reeks 86,0-98,0%) voor het detecteren 
van weeën tijdens de voldragen bevalling en presteerde significant beter dan de uitwendige 
weeënband (sensitiviteit reeks 46,0-73,6%). Ook in het geval van obesitas bij de zwangere 
kon EHG zorgen voor verbetering van de uitwendige weeënregistratie, omdat het signifi-
cant minder negatief beïnvloed werd door obesitas dan de weeënband. De tijdswaarneming 
van weeën met real-time EHG kan echter wel enkele secondes verschillen ten opzichte van 
de inwendige druklijn (de top van de wee kan zowel voor als na de druklijn vallen). Daar-
naast registreerde EHG een hoger aantal weeën ten opzichte van beide oude methoden 
(gemiddeld 0,3-0,9 meer per 10 minuten), mogelijkerwijs doordat EHG de oorsprong van 
weeën meet in plaats van het gevolg. In vergelijking met de druklijn, resulteerde dit in vals 
positieve weeën en een afname van de positief voorspellende waarde (reeks 78,7-92,0%). De 
weeënsterkte gemeten met EHG had per zwangere een goed verband met de druk in de 
baarmoederholte, maar in het algemeen leken de waarden een onderschatting te geven van 
de weeënsterkte. Verder toonde de review twee EHG parameters die een vaginale baring 
zouden kunnen voorspellen, namelijk wanneer het patroon van de elektrische activiteit 
meer naar de bovenzijde van de baarmoeder was gericht en wanneer het elektrische signaal 
tijdens een spontaan gestarte bevalling een lagere piekfrequentie had. Tot slot, wanneer we 
EHG bekeken vanuit het perspectief van de gebruikers, vonden verloskundig hulpverleners 
de weeënregistratie met EHG beter te interpreteren en meer adequaat dan de uitwen-
dige weeënband. De ervaringen van patiënten werden niet beschreven in de literatuur, en 
worden voor het eerst gepresenteerd in Hoofdstuk 6 van dit proefschrift. 
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Validatie van de weeënpleister
In Hoofdstuk 2 kondigden we de start aan van een prospectieve diagnostische studie 
(‘W3-studie’) om de weeënpleister te valideren tijdens de voldragen bevalling. In  
Hoofdstuk 4 presenteerden we de hoofdresultaten van deze ‘W3-studie’ waarin 48 
barende vrouwen gedurende twee uur gelijktijdig werden blootgesteld aan de inwendige 
druklijn, de uitwendige weeënband en de uitwendige weeënpleister (Figuur 1). Met behulp 
van een computergestuurd algoritme detecteerden we in iedere registratie de weeën. De 
primaire uitkomstmaat was de sensitiviteit van de weeënpleister en de weeënband voor 
het registreren van weeën, waarbij de druklijn als referentie diende. De weeënpleister 
had een hoge sensitiviteit (89,5%) voor weeënregistratie, wat significant hoger was dan 
de sensitiviteit van de weeënband (65,3%). Wanneer we specifieke groepen met elkaar 
vergeleken, had de weeënpleister een hogere sensitiviteit dan de weeënband bij vrou-
wen zonder obesitas, bij vrouwen met obesitas en tijdens de ontsluitingsfase, maar niet 
tijdens de uitdrijvingsfase. Tot slot registreerde de weeënpleister gemiddeld een hogere 
weeënfrequentie dan de druklijn (0,4 meer per 10 minuten).

Zwangeren met obesitas
Obesitas is één van de grootste uitdagingen voor de verloskundige zorg in de 21e eeuw. 
Daarom hebben we in Hoofdstuk 5 de prestatie van de weeënpleister in zwangeren 
met (morbide) obesitas geëvalueerd. Uitwendige weeënregistratie bij zwangere vrouwen 
met morbide obesitas was beter met de weeënpleister (sensitiviteit 87,2%) dan met de 
weeënband (sensitiviteit 45,0%). De sensitiviteit van de weeënpleister verschilde niet 
tussen groepen zwangeren met of zonder (morbide) obesitas, terwijl de sensitiviteit van 
de weeënband sterk daalde in het geval van obesitas bij de zwangere. Een vergelijkbare 
relatie werd gevonden wanneer de zwangeren werden vergeleken op basis van hoe goed 
de baarmoeder voelbaar was: de sensitiviteit van de weeënpleister werd niet beïnvloedt 
terwijl de sensitiviteit van de weeënband significant daalde wanneer de baarmoeder 
minder goed te voelen was. Tot slot, ook verschillend van de weeënpleister, toonde de 
sensitiviteit van de weeënband een significant negatief verband met de body mass index 
(BMI) en buikomtrek van de zwangere. 

Voorkeur van patiënten en gebruikers
Met behulp van speciale vragenlijsten in de ‘W3-studie’, hebben we voor het eerst de 
voorkeur van patiënten voor de verschillende methoden van weeënregistratie kunnen 
evalueren (Hoofdstuk 6). De deelnemende vrouwen hadden een voorkeur voor de 
weeënpleister (80,8%), boven de druklijn (17,3%) en de weeënband (1,9%). De plaatsing en 
aanwezigheid van de weeënpleister werd als het minst hinderlijk beoordeeld, terwijl de 
weeënband het minst vervelend was qua verwijdering van de sensoren. De deelnemende 
vrouwen rapporteerde verhoogde discomfort bij de weeënband vanwege de elastische 
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band om de buik (23,1%) en omdat het vaak opnieuw geplaatst moest worden (28,8%). 
De verloskundige hulpverleners daarentegen rapporteerden geen duidelijke voorkeur 
voor één van de uitwendige methoden: 40,4% koos voor de weeënpleister en 35,1% voor 
de weeënband. De gebruikers adviseerden een aantal technische verbeteringen voor de 
weeënpleister, zoals een draadloze verbinding, een geïntegreerde impedantiemeter om te 
controleren of ze de huid voldoende hebben gescrubd, en een waterdicht systeem zodat 
het onder de douche of in bad gebruikt kan worden. 

Weeënpatroon bij scheur van de baarmoederspier
In Hoofdstuk 7 hebben we ons gericht op het bijzondere geval van een scheur in de 
baarmoederspier tijdens een bevalling na een eerdere keizersnede. Middels een sys-
tematische review hebben we meerdere veranderingen in het weeënpatroon gevonden 
(gemeten met de druklijn of weeënband) die waren gerelateerd aan een scheur van de 
baarmoederspier: namelijk een verhoogde weeënfrequentie, afname van de baarmoeder-
activiteit, een verhoogde of verlaagde basistonus. Van deze karakteristieken kon alleen 
de verhoogde weeënfrequentie verder worden geanalyseerd in een meta-analyse: deze 
toonde een verhoogde kans op een scheur in de baarmoederspier in het geval van een 
verhoogde weeënfrequentie, op de grens van significantie (p=0,06). Verder rapporteerde 
een grote prospectieve studie in 20% van de gevallen verhoogde druk tussen de weeën 
(hypertonie) en in 14% het plots wegvallen van de weeën. EHG zou mogelijk kunnen 
helpen om deze kenmerken in het weeënpatroon eerder te herkennen, omdat het meer 
details kan verschaffen over het weeënpatroon.

Conclusie en aanbevelingen voor de toekomst
Concluderend laat dit proefschrift zien dat de weeënpleister een sensitieve meth-
ode is om de uitwendige weeënregistratie te verbeteren van zwangeren zowel met 
als zonder obesitas. Daarnaast biedt dit proefschrift een uitgebreid overzicht van de 
kenmerken van EHG als weeënregistratie tijdens de voldragen bevalling welke bruik-
baar zijn voor het interpreteren van een EHG weeënpatroon in de dagelijkse praktijk. 
Daarnaast helpt het verloskundig hulpverleners om beter de voor- en nadelen van 
de weeënpleister af te wegen tegen de druklijn en weeënband, namelijk de nauw- 
keurigheid en het invasieve karakter van de druklijn, en de onnauwkeurigheid en het 
non-invasieve karakter van de weeënband. Al met al ondersteunt dit proefschrift het 
gebruik van de weeënpleister op de verloskamers. 
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LIST OF ABBREVIATIONS

AU   arbitrary units
AUC    area under the curve 
BMI    body mass index 
BPM    beats per minute
CCI    contraction consistency index 
CE    conformité européenne 
CI    confidence interval 
CS    caesarean section
CTG    cardiotocography
EHG    electrohysterography / electrohysterograph
FDA    food and drug administration
fECG    fetal electrocardiography
GA    gestational age
IUP    intra-uterine pressure
IUPC    intra-uterine pressure catheter
IQR    interquartile range 
kΩ    kilo Ohm
mmHg    millimetres of mercury 
MMC    máxima medical centre
MVU    montevideo units
ND    not described
NPV   negative predictive value 
NS   non-significant
NTR   Nederlands trial register
OR   odds ratio
PDS   power density spectrum 
PIP   poly implant prosthesis
PPV   positive predictive value
QUADAS  quality assessment of diagnostic accuracy studies
RCT    randomised controlled trial
RMS    root mean square
RMSE    root mean square error
SD    standard deviation
SVD    spontaneous vaginal delivery
TOCO    external tocodynamometry / external tocodynamometer
TOLAC   trial of labor after previous caesarean section
TRL    technology readiness levels
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TU/e    Eindhoven university of technology
VBAC    vaginal birth after caesarean section
μV    microVolts
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Professor Guid Oei is gynaecologist and head of the obstetric department of Máxima Med-
ical Centre, and leader of the fundamental perinatology research group from Eindhoven 
University of Technology. From this scientific research group, the described real-time EHG 
device and the manufacturer Nemo Healthcare have originated. Máxima Medical Centre 
collaborates with Nemo Healthcare for developing and testing electrophysiological fetal 
monitoring systems. The company has not been involved in the set-up, data collection, 
analysis, or writing of any of the manuscripts. None of the authors have affiliations with 
or involvement in Nemo Healthcare with any financial interest. In 2014, author Marion 
Vlemminx has been financially supported by a general gift of the independent Dutch 
‘Stichting De Weijerhorst’ to support the development of electro-fetal-maternal moni-
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DANKWOORD

Al jaren roep ik dat het proefschrift af moet zijn voordat mijn eerste kind geboren Al 
jaren roep ik dat dit proefschrift af moet zijn vóór de geboorte van mijn eerste kind, wat 
is gelukt! Met trots zal ik als hoogzwangere mijn proefschrift over weeënregistratie gaan 
verdedigen. (Althans, als ik voor de 35 weken nog geen weeën krijg.) De kaft geeft de 
lezer een kleine blik in mijn zwangere buik.  

Allereerst wil ik alle zwangeren bedanken voor hun deelname aan de ‘W3-studie’. 
Bedankt dat we jullie weeën met drie verschillende methoden mochten registreren.
 
Prof.dr. Oei, beste Guid, wat ben ik trots dat ik onder jouw hoede de afgelopen jaren dit 
proefschrift heb mogen schrijven. Vanaf het eerste moment heb je mij gesteund, niet 
alleen met het onderzoek maar ook op de werkvloer. Toen ik ging solliciteren voor een 
ANIOS-plek in Veldhoven heb je zelfs speciaal een mail naar de sollicitatiecommissie 
gestuurd met het vriendelijke doch dringende verzoek om mij aan te nemen. Daarnaast 
vind ik het zo bijzonder dat je zo’n positieve instelling hebt en de goede kwaliteiten van 
iemand naar boven weet te halen. Jouw talloze ideeën kunnen je als onderzoeker soms 
doen overdonderen, maar uiteindelijk brengt het je verder. Dat je geridderd bent tot 
de Officier in de Orde van Oranje-Nassau was een terechte kroon op jouw werk. Ik ben 
ontzettend blij dat ik een klein steentje heb kunnen bijdragen jouw grote doel om de 
verloskundige zorg te verbeteren.   

Dr. ir. van der Hout-van der Jagt, lieve Beatrijs. Aan het begin van mijn promotieonderzoek 
was ik op zoek naar een begeleider, omdat mijn onderzoek niet echt bij één groepje 
hoorde. Gelukkig heb je mij met open armen ontvangen. Ik kon het waarderen dat je 
zo nauwkeurig en kritisch naar mijn stukken keek. Vooral tekstueel liet je niets voorbij 
gaan. Dat was ook te merken met mijn proefschrift, zelfs een verkeerd gezette punt had 
je gezien. 

Dr. ir. Rabotti, dear Chiara. As one of the main experts in electrohysterography worldwide, 
I have been very lucky with you as my co-promotor. You were always very patient to 
explain me all the technical details and you challenged me by critical questions about 
each of the uterine monitoring techniques. Besides, I could really appreciate that you 
were always interested in my personal life. There hasn’t been an email without asking 
how I was doing.     

marionvlemminx
Cross-Out
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Prof.dr. Nijhuis, beste Jan. Vanwege mijn opleiding tot gynaecoloog heb ik de afgelopen 
twee jaar met u mogen samenwerken in het Maastricht Universitair Medisch Centrum. 
Ik kon het waarderen dat u, als expert in foetale bewaking, bij de beoordeling van het 
CTG erop hamerde dat wij AIOS eerst het weeënpatroon moesten beoordelen voordat 
we iets van het foetale hartritme mochten zeggen. Daarnaast ben ik het met u eens 
dat de druklijn niet in de kast mag verdwijnen. Al hoop ik wel dat mijn proefschrift de 
aanleiding is om ook in Maastricht EHG te gaan gebruiken, want dit heb ik toch wel eens 
gemist tijdens mijn dienst. 

Prof.dr. Scherjon. Dank voor lezen van mijn proefschrift en dat u helemaal vanuit het 
hoge Noorden naar Eindhoven afreist voor de verdediging van mijn proefschrift. 

Prof.dr. Aarts. Bedankt voor het lezen van mijn proefschrift en dat u ervoor hebt 
gezorgd dat mijn figuren vanuit technisch oogpunt correct zijn. Al hebben we het 
tijdens ons gesprek vooral gehad over zaken die helemaal niets met mijn promotie te 
maken hadden, zoals bijvoorbeeld: wat de beste fietsroute naar de High Tech Campus is, 
hoe mooi kasteel Geldrop is en wat goede restaurants in de regio zijn. Na mijn promotie 
en zwangerschap ga ik zeker een paar van uw tips uitproberen. 

Prof.dr.ir. Bergmans. Dank voor het lezen van mijn proefschrift. U weet een onderwerp 
altijd vanuit een nieuw perspectief te benaderen.

Beste Kirsten, mijn onderzoeks-maatje. Ik moet eerlijk zijn, zonder jou was dit boekje 
nog lang niet af geweest. Samen hebben we ervoor gezorgd dat de W3-studie een succes 
werd. Dankzij jouw perfectionisme kon ik erop vertrouwen dat alles tot in de puntjes 
was geregeld. Ook kwam je speciaal voor metingen terug naar het ziekenhuis. Ik kan 
me zelfs herinneren dat je hiervoor een keertje een nacht hebt doorgehaald. We hebben 
onze resultaten op een aantal grote congressen mogen presenteren en ons werk heeft 
geresulteerd in 3 mooie publicaties. Nu mijn boekje klaar is, is het tijd voor jouw boekje. 
Eén van mijn stellingen zou je hiervoor alvast kunnen overnemen ( je weet wel welke).  

FUN onderzoeksgroep, wat zijn jullie een fijne groep! Als ik even vast liep met het 
onderzoek, dan kon ik altijd bij jullie terecht. Rik en Hinke, bedankt voor jullie hulp 
met het technische gedeelte. Speciale dank aan Nanette Oei als gastvrouw van onze 
maandelijkse FUN-meeting.. Daarnaast waren er natuurlijk de leuke congressen in 
Florence, Porto en Stockholm, waarbij we in de meest prachtige AirBnB’s verbleven. 
Guid, Beatrijs, Judith, Michelle, Kim, Kirsten, Carlijn, Olenka, Lore en alle semi-
artsen bedankt voor de gezellige en leerzame congressen!
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MMC Academie. Beste Jeanne, bedankt voor alle hulp met de statistiek.
MMC Bibliotheek. Beste Eugenie en Bart, bedankt voor jullie hulp met het opzetten 
van de systematische review alsook voor het opvragen van de vele artikelen.  

Beste opleiders, beste prof.dr. Bongers en dr. Maas, bedankt dat jullie me vanaf mijn 
semi-arts stage hebben gesteund en ervoor hebben gezorgd dat ik inmiddels alweer 
halverwege mijn opleiding tot gynaecoloog ben. Beste prof.dr. Kruitwagen, dr. Van 
Gorp en gynaecologen MUMC, dank voor de twee leuke en leerzame opleidingsjaren in 
Maastricht. Dankzij de schrijftijd is het me gelukt om mijn proefschrift af te ronden. Ook 
mijn mentoren dr. Maas en dr. Lambrechts wil ik bedanken voor de fijne gesprekken.

Gynaecologen MMC. Jullie zijn stuk voor stuk een voorbeeld voor mij. Iedere dag 
opnieuw veel passie voor ons vak en altijd kritisch naar elkaar, maar ook zeker met 
humor op z’n tijd. Daarnaast is onderzoek doen gewoon binnen jullie club, waardoor ik 
gemotiveerd bleef om mijn proefschrift te schrijven. Ook ben ik trots dat ik behoor tot 
de AIOS die in Veldhoven zijn opgeleid. 

AIOS MMC en MUMC. Lieve collega AIOS, bedankt dat ik een ‘middenvelder’ kon zijn 
zodat ik wat extra tijd had voor mijn proefschrift. Speciale dank aan mijn Veldhovense 
maatjes: Anne-lotte, Annemarie, Albertine, Carolien, Daisy, Deidre, Femke, 
Ghislaine, Josien, Joost, Judith, Julia, Julia, Karlijn, Kim, Lauren, Lotte, Malou, 
Patty, Rob, Simone, Stéphanie, Suzanne en alle ANIOS. Jullie zijn zo’n fijne en 
gezellige club. Ik kon altijd bij jullie terecht om even stoom af te blazen of om nieuwe 
energie te krijgen voor het onderzoek.

Verloskundigen, verpleegkundigen, kraamverzorgsters, poli-medewerksters en 
secretaresses MMC. Zonder jullie was het nooit gelukt om dit proefschrift tot een 
goed einde te brengen. Bedankt dat jullie op de werkvloer altijd zo’n steun en toeverlaat 
zijn maar ook zorgen voor een goede portie Brabantse gezelligheid.

Mijn carpoolmaatjes, beste Kim, Loes, Anne, Patty, Jeanny, Anne-lotte, Josien. 
Bedankt dat jullie de reistijd naar Maastricht een stuk dragelijker en gezelliger hebben 
gemaakt!

Mijn volleybalteam. Beste teamgenootjes, na een drukke werkdag vind ik het heerlijk 
om samen te volleyballen.. Het is fijn om mijn werk even te vergeten en mij vooral druk 
te maken om een (verloren) wedstrijd. Door mijn zwangerschap ben ik er de tweede helft 
van dit seizoen niet bij, maar na de zomer kom ik met plezier terug!
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Dispuut, dames van Ipse Dixit. Dankzij jullie heb ik het beste uit mijn studententijd 
gehaald en heb ik veel over mezelf geleerd. Bijzonder is dat we inmiddels met z’n 4-en 
in opleiding tot gynaecoloog zijn. Lief Jaar, Alexandra, Birgit, Desirée, Gaby, Lotte, 
Riëlle, Ruby-Ann. Dankzij jullie was het een geweldige studententijd en ik hoop dat we 
nog vele mooie momenten met elkaar mogen beleven. 

Schoonfamilie Streppel, beste Martin en Alain. Sinds augustus 2017 ben ik officieel een 
‘Streppeltje’. Ik voel me bij jullie thuis en het is een eer dat ik jullie vrouwelijke noot mag 
zijn. Ik kan niet wachten tot de kleine man Streppel erbij gaat komen. 

Oma, in een tijd van MeToo# weet ik zeker dat jij dit nooit zou laten gebeuren. Je bent 
een sterke vrouw die niet over zich heen laat lopen en altijd haar woordje klaar heeft. 

Lieve Kim, mijn opleidings-maatje. Vorig jaar mocht ik jouw promotie van dichtbij 
meemaken en ik kan niet geloven dat het nu mijn beurt is! Het is bijzonder om samen 
met jou de opleiding te doorlopen: van semi-arts en ANIOS, tot gynaecoloog in opleiding 
en de titel PhD. Daarnaast waren er onze persoonlijke projecten zoals jouw grote 
verbouwing en mijn bruiloft. Bedankt dat je zo’n fijn en lief maatje bent.   

Lieve vriendinnen van thuis, Coby, Ester, Karlijn, Nicole, Renske en Sofie. We 
delen een lange geschiedenis aangezien we elkaar al kennen van de basisschool en/of 
middelbare school. Ik ben ontzettend blij dat ik samen met jullie ‘groot’ ben geworden. 
Het mooie is dat we allemaal zo anders zijn, ook qua werk, maar hierdoor vullen we 
elkaar goed aan. Op de middelbare school was ik de ijverige en perfectionistische Marion, 
terwijl ik tijdens mijn studententijd een verlate puberteit heb doorgemaakt (zoals jullie 
wel hebben gemerkt). Na al die jaren kennen we elkaar door-en-door en hebben we 
zoveel mooie dingen meegemaakt. Denk aan die vele uren op de fiets naar het Odulphus 
Lyceum in Tilburg of aan onze vele vakanties samen. Van tienertoer en het huisje in 
Moergestel, tot Lloret del Mar en een volwassen vakantie in Toscane. In mei van dit jaar 
stond onze ‘als we 30 zijn’ vakantie gepland naar New York waarvoor we al jaren sparen, 
maar helaas gaat die nu niet door vanwege mijn zwangerschap (sorry!). Maar het gaat 
vast een keer lukken!

Mijn paranimfen, Alexandra en Gaby. Al vanaf onze studententijd zijn we vriendinnetjes. 
Jullie waren de ceremoniemeesters van onze bruiloft en nu zijn jullie ook de paranimfen 
van mijn promotie. Met jullie aan mijn zijde hoef ik me geen zorgen te maken. Alex, 
samen hebben we de opleiding geneeskunde gevolgd. Tijdens onze studententijd was jij 
het beste in diners bij kaarslicht met Michel Bublé op de achtergrond. Ook is de quote 
‘een beetje vreemd maar wel lekker’ bij uitstek van toepassing op jou. Ik vind het fijn dat 
ik helemaal mezelf kan zijn bij jou. Gaby, samen maakten wij onvergetelijke reizen door 
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India, Nepal en Tanzania. Na zulke reizen weet je precies wat je aan elkaar hebt. Je bent 
een super sociaal en lief persoon waar ik graag bij ben.  

Mijn grote broers, Hans en Rik. Wat ben ik trots dat ik jullie kleine zusje ben. Al vanaf 
jongs af aan hebben jullie mij uitgedaagd en wilde ik niet voor jullie onderdoen. Jullie 
noemden mij ook wel het ‘doe-het-zelf-centrum’. Dit heeft mij gemaakt tot wie ik nu 
ben. Ook delen we het motto dat je er vanuit moet gaan dat je alles kan. Het leuke is dat 
we alle drie een totaal andere richting hebben gestudeerd (Supply Chain Management 
en Animal Sciences), al zijn we soms een beetje te eigenwijs om van elkaar te leren. 
Hans, dankzij jou heb ik een mijn oude hobby volleybal opgepakt. Een broer als coach 
is soms wat ingewikkelder, maar het komt gelukkig altijd goed want het is maar een 
spelletje, toch? Je hebt sinds kort ook een nieuwe liefde; ik hoop dat jullie samen een 
mooie toekomst tegemoet gaan. Rik en Marlin, ik vond het bijzonder dat ik bij de 
bevalling van Jens en Noor mocht zijn. Marlin, ik ben blij met jou als schoonzus. Je 
luistert goed en probeert altijd aan een ander te denken; allemaal eigenschappen van 
een goede verpleegkundige. 

Lieve pap en mam, bedankt voor de onvoorwaardelijke steun. Ik ben jullie enorm 
dankbaar voor de onbezorgde jeugd in Middelbeers, waarin jullie mij nooit dingen 
hebben opgedrongen maar alleen hebben bijgestuurd waar nodig. Jullie zijn ook mijn 
meest trouwe supporters en helpen me altijd waar nodig. Denk aan al die verhuizingen 
tijdens mijn studententijd. Jullie zijn trots op mijn werk en sturen altijd een berichtje als 
er over mijn onderzoek iets in de krant staat. Mam, de bloemen op mijn kaft verwijzen 
naar jou, omdat je jarenlang bloemist bent geweest. Tijdens mijn opleiding geneeskunde 
zei je ooit dat ‘vrouwendokter’ een mooi beroep zou zijn, terwijl ik nog van mening was 
dat mijn vingers daarvoor te kort zouden zijn. Toch bijzonder dat ik nu in opleiding 
ben tot gynaecoloog. Pap, jij bent een man van weinig woorden en vooral een goede 
luisteraar. Maar als er iets opgelost moet worden, dan heb jij een hele duidelijke visie 
over hoe we dit zouden moeten aanpakken.  

Lieve Marcel, mijn man. Wat ben ik blij dat ik jou heb mogen ontmoeten. Het begon 
allemaal tijdens een rustige nachtdienst waarin ik samen met mijn collega’s een Pepper 
profiel heb aangemaakt. Jij was de allereerste date en na een half jaar ben je bij mij op de 
bank blijven zitten en nooit meer weggegaan. Samen genieten we van het goede leven. 
We houden van een lekkere wijn en zijn regelmatig in Spanje te vinden. Dankzij jou ben 
ik ook gaan wielrennen en snowboarden. Je hebt me geleerd om wat meer afwachtend te 
zijn en beter naar anderen te luisteren. Door het proefschrift hadden we minder tijd voor 
elkaar maar je hebt me altijd gesteund en de ruimte gegeven. Nu dit proefschrift achter 
de rug is, kunnen we gaan genieten samen met onze mini-M&M. Ik hou heel veel van je. 
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CURRICULUM VITAE

Marion Vlemminx is geboren op 13 april 1988 in het Brabantse 
dorpje Middelbeers. In 2005 behaalde zij cum laude haar VWO-di-
ploma aan het Sint Odulphuslyceum in Tilburg, waarna zij 
geneeskunde ging studeren aan de Universiteit van Maastricht. 
Na de bachelor geneeskunde verrichtte Marion een half jaar vri-
jwilligerswerk in een weeshuis in India. Hierna vervolgde zij de 
master geneeskunde waarin zij haar keuzecoschap gynaecologie 
en obstetrie in het Academisch Ziekenhuis van Paramaribo heeft 
gevolgd en op de verloskamers van het Mulago ziekenhuis in 
Oeganda heeft gewerkt. Het laatste jaar van de opleiding was zij semi-arts op de afde-
ling gynaecologie en obstetrie in het Máxima Medisch Centrum, waar de basis ligt van 
haar promotieonderzoek. Onder begeleiding van professor Guid Oei ging zij zich tijdens 
haar wetenschappelijke stage verdiepen in elektrohysterografie, een nieuwe techniek voor 
weeënregistratie welke was ontwikkeld in samenwerking met de Technische Universi-
teit van Eindhoven. Nadat ze eind 2012 haar artsenexamen had behaald, mocht zij aan 
de slag als arts-assistent niet in opleiding bij de afdeling gynaecologie en obstetrie van 
het Máxima Medisch Centrum. Naast haar werkzaamheden in de kliniek, zette ze in 2013 
een prospectieve studie op waarin elektrohysterografie werd vergeleken met de huidige 
twee methoden voor weeënregistratie, wat heeft geresulteerd in dit proefschrift. In 2015 
startte ze met de opleiding tot gynaecoloog in het cluster Maastricht onder begeleiding 
van opleiders prof.dr. M.Y. Bongers en dr. J.W.M. Maas in het Máxima Medisch Centrum, 
en opleiders prof.dr. R.F.P.M Kruitwagen en dr. T. van Gorp in het Maastricht Universitair 
Medisch Centrum.

In 2017 is Marion getrouwd met Marcel Streppel en eind juni 2018 verwachten ze een zoon. 




