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A B S T R A C T

Background: Uterine peristalsis plays a crucial role in fertility and is affected by various disorders and pathol
ogies. Its knowledge and assessment are very limited with current monitoring techniques.
Objective: The aim is to objectively and quantitatively characterize menstrual uterine peristalsis using a new 
technique, intracavitary electrohysterogram (IC-EHG).
Methods: This pilot multicenter study recorded IC-EHG by means of a multipolar catheter in a prospective cohort 
of 15 healthy women with proven fertility across three menstrual phases: mid-follicular (MF), early luteal (EL), 
and late luteal (LL). To describe and compare uterine peristaltic patterns, characteristics such as contraction 
frequency, duration, amplitude, and energy were calculated.
Results: The IC-EHG recordings revealed statistically significant patterns throughout the menstrual phases. 
Uterine contractions were less frequent (3.2 CT/min), more intense and of longer duration during the MF phase. 
As the menstrual cycle progressed to the EL and LL phases, the frequency of contractions increased (3.7 and 3.5 
CT/min, respectively) while both amplitude and duration declined.
Conclusions: The intracavitary electrohysterogram (IC-EHG) effectively quantifies menstrual cycle-dependent 
uterine peristalsis and electrophysiological patterns, providing initial reference values for uterine bioelectrical 
activity in fertile women. This novel technique represents a significant advance in assessing uterine physiology, 
with potential use as a diagnostic tool for real-time uterine health monitoring, supporting gynecological treat
ment and planning, and aiding in assisted reproductive technologies through objective metrics of uterine activity.

Introduction

Assessing uterine peristalsis in non-pregnant women could play a key 
role in human reproduction and women’s health. Uterine peristalsis is a 
physiological phenomenon potentially relevant to human reproduction 
as it is believed to be partially responsible for actively transporting 

spermatozoa from the vaginal fornix to the oviduct [1] and providing a 
suitable environment for implanting the embryo [2–4]. Excessive or 
abnormal peristalsis can negatively affect the outcome of assisted 
reproductive technology (ART) [4–7]. Originated by the coordinated 
depolarization and repolarization of millions of myometrial cells [8,9], 
its rhythm, intensity and contractile pattern varies during the menstrual 
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cycle in response to oestrogen and progesterone levels [3–6,10–13]. In 
this regard, assessing uterine peristalsis and electrophysiological con
dition is a key factor in improving uterine health and improving the ART 
pregnancy rate.

Uterine contractility in the non-pregnant uterus has been studied 
through methods measuring mechanical activity, such as intrauterine 
pressure (IUP) recordings [14–16], cine magnetic resonance imaging 
(MRI) [17,18], and transvaginal ultrasound (TVUS) [19]; as well as 
electrical activity with electrohysterography (EHG) [20,21]. IUP detects 
pressure increases caused by uterine contractions (CTs) via an intra
uterine catheter. However, continuous perfusion with distilled water 
can alter uterine activity, and it struggles to quantify activity that does 
not cause significant pressure changes [4]. MRI is a 3D anatomical im
aging technique that visualizes uterine peristalsis, though it is expen
sive, time-consuming, and unsuitable for prolonged observations [17]. 
TVUS has been used to assess uterine waves and their propagation [4]. 
This method involves recording video for later offline acceleration and 
analysis [19], making it impractical for real-time use. TVUS video 
analysis is extremely dependent on the operator and observer, raising 
concerns about its reliability and reproducibility [22]. Although 
speckle-tracking algorithms have been proposed to overcome these 
limitations, they still cannot be applied in daily practice [19] as they 
require high-quality TVUS images, technical expertise [23] and offline 
analysis [23], among other drawbacks. As a result, there is a lack of 
appropriate techniques for monitoring and assessing uterine peristalsis 
and electrophysiological condition in clinical practice.

Electrohysterography has been proposed as an alternative technique 
for monitoring uterine dynamics by measuring the uterine myoelectric 
activity [8,9]. The recorded signal, i.e. the electrohysterogram (EHG), 
provides information on the uterus’ contractile activity and its electro
physiological state [24].

The aim of this work is to characterize and quantify the uterine 
peristaltic wave patterns and electrophysiological characteristics 
throughout the menstrual cycle using a dedicated novel medical device 
[25] for the recording of intracavitary electrohysterogram (IC-EHG) in 
healthy fertile women.

Materials and methods

Study design

The study took the form of a preliminary prospective multicenter 
cross-sectional cohort pilot study. Between February 2024 and 
September 2024, 15 healthy women were included from the participant 
centers. Three IC-EHG recording were taken from each patient 
throughout the menstrual cycle: mid follicular (MF, 6–8 days after last 
period), early luteal (EL, 2–4 days after LH + ), and late luteal phase (LL, 
7–9 days after LH + ), resulting in a total of 45 IC-EHG recordings. The 
eligible women had to be (i) aged 18–34 years, (ii) have proven fertility, 
(iii) have regular menstrual cycles (21–35 days), and (iv) have a body 
mass index 18.5–25.0 kg/m2. Exclusion criteria included: (i) pregnancy, 
(ii) recent sexual activity, (iii) uterine abnormalities (e.g.: fibroids, 
adenomyosis), (iv) a recent hysteroscopy, (v) use of hormonal contra
ceptives or medication affecting uterine contractility, and (vi) gyneco
logical conditions (e.g.: irritable bladder syndrome, tubal pathology, 
ectopic pregnancies, severe dysmenorrhea).

The Institutional Ethics Review Committee approved the study on 29 
March 2023 (Reference No. 2023–108-1), which was conducted in 
compliance with The International Council for Harmonization of Tech
nical Requirements for Pharmaceuticals for Human Use (ICH) Good 
clinical practice [26]. All the enrolled patients provided their informed 
consent.

IC-EHG measurement and analysis

Sonda Devices N01 (Sonda Devices S.L., Valencia, Spain) is the first 

medical device dedicated to IC-EHG recording [25]. The system com
prises a medical device for IC-EHG signal conditioning, monitoring and 
acquisition and a disposable multipolar electrophysiology catheter (EPc) 
for myometrial activity sensing. The signal is recorded between 
[0.1–––4] Hz at a sampling frequency of 500 Hz [27–29]. The EPc is 
inserted into the uterine cavity under abdominal ultrasound guidance 
(Fig. 1). In the study, the tip pole was placed in contact with the uterine 
fundus, while the remaining poles were distributed along the uterine 
wall as far as the cervix. The ground electrode was placed on the pa
tient’s right buttock. The electromyographic recording sessions lasted 
30 min. For the study, only the information obtained from the closest 
pole to the uterine fundus was analyzed.

Consistent with the literature on electrohysterogram surface 
recording of the pregnant uterus, expert segmentation was performed to 
identify the onsets and offsets of contractions (CTs) in the IC-EHG re
cordings as well as non-physiological segments for their exclusion (e.g. 
motion artefacts). These criteria were based on a significant sustained 
increase in signal amplitude with respect to baseline activity and on any 
changes in signal morphology and spectral content associated with 
electrophysiological changes [9,27].

Several CT features were extracted from the IC-EHG signal re
cordings obtained from each patient and phase of the menstrual cycle to 
describe the physiological patterns. 

- The frequency of contractions is determined as the total number of 
CTs divided by the recording length, expressed as CTs per minute and 
offers a measure of the contraction’s rhythmicity.

- The contraction amplitude reflects the relative strength of the 
myometrial CT and is defined as the square root of the mean of the 
squared voltage values during the CTs, expressed in millivolts (μV). 
See Fig. 2.

- The contraction duration indicates the period over which the CT 
occurred, defined as the seconds elapsed between the onset and 
offset of the contractile event and is expressed in seconds (s). See 
Fig. 2.

- Contraction energy, calculated as the product of amplitude and 
duration of the contractions, provides an approximate measure of the 
total intensity of the CT over time expressed in μV⋅s.

All the features were computed on Matlab software (Mathworks, 
Natick, USA).

Statistical methods

To assess potential differences in the characteristics of uterine peri
stalsis across menstrual phases, statistical analyses were conducted at 
two distinct levels: the individual subject level and the population level.

At the subject level, the differences between pairs of menstrual 
phases in the feature values of contractions identified in each recording 
were studied by the Wilcoxon Ranksum Test with a threshold value of α 
= 0.05.

The median value of each feature was calculated over all the detected 
contractions to provide a representative measure of each recording 
session. Specific differences between pairs of menstrual phases at the 
population level were examined using the Wilcoxon Signed-Rank Test 
with a threshold value of α = 0.05. All the statistical calculations were 
performed on Matlab software (Mathworks, Natick, USA).

Results

The gynecological and obstetric characteristics of the 15 volunteers 
are summarized in Table 1. The menstrual cycle day was calculated for 
each visit as the difference in days from the date of the last menstrual 
period to the date of the corresponding visit, the LH + day was likewise 
determined. Anthropometric and hormonal measurements were taken at 
the screening visit.

J. Alberola-Rubio et al.                                                                                                                                                                                                                        European Journal of Obstetrics & Gynecology and Reproductive Biology 309 (2025) 131–136 

132 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Fig. 3 shows typical IC-EHG recordings from a patient during the MF, 
EL and LL phases. The MF phase exhibits contractile events with greater 
amplitude and slightly longer duration compared to the EL and LL 
phases.

Uterine contractile features

The population distribution of the IC-EHG features during the men
strual cycle is given in Fig. 4. Amplitude, duration, and energy of the 

contractions decreased progressively across the cycle, with significant 
differences between the MF and the other two phases. Contraction fre
quency was highest in the EL phase, with significant differences from 
MF, which showed the lowest values. The subject-level comparison is 
shown in Fig. 5.

At the population level, the frequency of contractions was signifi
cantly lower in MF (3.22 IQR 0.98 CT/min) than in EL (3.72 IQR 0.34 
CT/min, p = 0.026) and lower than in LL (3.45 IQR 0.51 CT/min, p =
0.391). 73 % of the women showed a lower frequency for MF than EL, 
while 64 % exhibited a lower frequency for MF than LL. Contraction 
frequency was higher in EL than in LL, though not significantly (p =
0.079). 64 % of records showed higher frequencies in EL than LL.

The MF phase presented significantly greater contraction amplitude 
(4.95 IQR 2.28 μV) compared to the EL (4.04 IQR 2.12 μV, p = 0.026) 
and LL phase (2.70 IQR 1.99 μV, p = 0.002). Consistently 86 % of 
women had higher MF amplitude values than EL and LL. The EL phase 
exhibited higher amplitude than LL (p = 0.068), and 71 % of women 
showed a decline in amplitude from EL to LL.

The duration of contractions decreased as the menstrual cycle pro
gressed, with MF (9.15 IQR 2.08 s) being significantly longer than EL 
(7.85 IQR 1.60 s, p = 0.015) and LL (7.42 IQR 1.30 s, p = 0.020). 80 % of 
women had longer contractions in MF than in EL or LL, while 57 % had 
longer contractions in EL than LL.

Contraction energy notably decreased across the menstrual cycle, 
with MF (48.4 IQR 31.1 μV⋅s) showing significantly higher energy than 
EL (29.4 IQR 20.7 μV⋅s, p = 0.010) and LL (25.0 IQR 18.5 μV⋅s, p =
0.002). 87 % of women showed higher energy in MF compared to EL, 
and 79 % had higher energy in MF than LL. EL had higher energy than LL 
in 71 % of women, but differences were not significant at population 
level (p = 0.119).

Fig. 1. A) Schematic of electrophysiological catheter placement in the uterine cavity. b) Abdominal ultrasound guidance for the placement of the EPc with the tip in 
the uterine fundus.

Fig. 2. Feature IC-EHG representation: amplitude (left) and duration of the contraction (right).

Table 1 
Patient’s characteristics (n = 15). BMI: Body Mass Index.

Visit Characteristic Value

Screening 
visit

Age (years) 33.6 ± 1.8
BMI (kg/m2) 21.3 ± 1.8
Gestations 1.6 ± 0.6
Deliveries 1.3 ± 0.8
Miscarriage 0.3 ± 0.5
Ectopic pregnancy 0.0 ± 0.0
Serum progesterone (ng/mL) 0.4 ± 0.4
Serum estrogen (ng/mL) 33.0 ±

18.4
LH screening Luteinising hormone positive day of the cycle in 

urine (days)
13.5 ± 5.5

First visit Uterine length (mm) 41.2 ± 8.4
Uterine Anteroposition 14/15
Endometrial thickness (mm) 5.2 ± 1.9
Cycle day (days) 6.1 ± 1.3

Second visit Endometrial thickness (mm) 10.6 ± 1.6
Cycle day (days) 17.2 ± 4.3

Third visit Endometrial thickness (mm) 10.9 ± 1.3
Cycle day (days) 22.5 ± 4.6
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Discussion

As uterine peristaltic activity could play a key role in women’s gy
necological health [30] and in human reproduction [7]. A deeper un
derstanding of uterine electrophysiology and peristalsis could therefore 
lead to improved gynecological condition and in vitro fertilization suc
cess rates. However, the objective assessment of uterine activity in non- 
pregnant women has been a major challenge for decades. Although 
TVUS, MRI and IUP are well-known techniques, their suitability for 
clinical use is questionable, and there is no uniformity in recording and 
playback times [13]. This study presents IC-EHG as a novel, objective, 
and reproducible technique to detect uterine peristalsis, with potential 
applications in real-time evaluation during ART cycles and uterine- 

activity related disorders [30].
In addition to the typical parameters of video-based techniques such 

as contraction frequency and amplitude [6,19], other parameters less 
documented in the literature, such as contraction duration [31] and 
contraction energy [32], have been assessed. These findings provide 
preliminary reference values that could improve embryo implantation 
success by using uteromodulatory agents to bring uterine activity to 
fertility reference values.

In the study by Rees [19], the frequency of contractions for the 
anterior and posterior uterine walls measured by TVUS were reported as 
1.46 ± 0.12 and 1.54 ± 0.14 CT/min during the MF phase, 1.40 ± 0.14 
and 1.45 ± 0.70 CT/min during the EL phase, and 1.28 ± 0.13 and 1.35 
± 0.19 CT/min during the LL phase. In contrast, the review by Kuijsters 

Fig. 3. IC-EHG recordings from a representative patient from: A) mid follicular phase (MF), B) early luteal phase (EL), and C) late luteal phase (LL).

Fig. 4. Box and whisker plots of uterine contraction features derived from IC-EHG recordings for the different menstrual phases. Statistically significant differences 
(Wilkoxon signed-rank test, p-value < 0.05) between menstrual phases are marked with brackets. MF: mid follicular, EL: early luteal phase, LL: late luteal phase.

J. Alberola-Rubio et al.                                                                                                                                                                                                                        European Journal of Obstetrics & Gynecology and Reproductive Biology 309 (2025) 131–136 

134 

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



[6] reported slightly higher frequency ranges: 1.5 to 3.3 CT/min in the 
MF phase, 2.0 to 4.0 CT/min in the EL phase, and 0.8 to 1.8 CT/min in 
the LL phase. Wang reported even higher values, peaking in the peri
ovulatory phase (3.13 CT/min) measured by electromyometrial imaging 
(EMMI) [32]. The IC-EHG technique showed a contraction frequency 
more similar to that described by Wang et al, with median values of 3.22 
CT/min in the MF phase and 3.72 CT/min in the EL phase. The main 
difference with the IC-EHG results lies in the observations of the LL 
phase, where the median value of 3.45 CT/min are substantially higher 
than those provided by Kuijsters [6]. These differences possibly lie in the 
ability of IC-EHG to detect weaker uterine peristalsis, which may not be 
detected by other less sensitive methods and could be crucial in finding 
the optimal embryo implantation window.

Regarding contraction amplitude, the EHG technique provides a 
direct measurement of bioelectrical power (microvolts), which is 
directly related to the IUP (mmHg) [27,33] and showed a significantly 
decrease across the menstrual cycle. Consistent with these findings, 
Braaksma [31] recorded the highest IUP in the MF phase (28.7 mmHg), 
which progressively declined through the cycle (late follicular 18.7 
mmHg), reaching a minimum in the LL phase. In contrast, the Rees TVUS 
study found no significant variation in contraction amplitude 
throughout the menstrual phases [19].

There is little clinical evidence on the duration of contractions in the 
non-pregnant uterus in the literature, possibly due to the challenges of 
estimating this duration by visual diagnostic tools or IUP measurements. 
Only Cibils [34] and Braaksma [31] reported a contraction duration of 
less than 20 s in the MF phase. Consistent with their findings, the IC-EHG 
technique reported a median contraction duration of 9.15 s in the MF 
phase in addition to a decreasing trend in contraction duration 
throughout the menstrual cycle.

Some authors suggest that contractile activity decreases as the 
menstrual cycle progresses, facilitating the proper positioning and im
plantation of the embryo [4,5]. It is essential to analyze both the in
tensity (amplitude) and duration to assess the mechanical effects of this 
contractile activity. Contractile energy, which summarizes these two 
characteristics, showed a significant decline throughout the menstrual 
cycle, in line with current findings. Contractions were more energetic 
and less frequent during MF, while the peristalsis pattern is one of low- 
energy contractions and higher frequency during the luteal phase, 

probably to facilitate embryo nesting.
As the main limitation of this pilot study is the small sample size of 

the analyzed population, future studies will be needed to validate these 
novel findings with larger sample sizes. Furthermore, placing an EPc in 
the intrauterine cavity to detect the IC-EHG could raise a debate about 
the possible stimulation of myometrial muscle activity. However, 
different consistent inter-subject peristalsis patterns are obtained ac
cording to the phase of the menstrual cycle, pointing to their natural 
electrophysiological origin and not to a response to the presence of the 
catheter. These results are consistent with a lack of contractions or the 
induction of unfavorable intrauterine manipulation during insemination 
in 36 cases reported by Van Gestel [35]. In fact, placing the sensor in the 
uterus could even represent an advantage by facilitating the detection 
junctional zone activity, which is closely linked to peri-implantation 
processes.

In this work, a novel IC-EHG technique is proposed for the objective 
assessment of uterine peristalsis and electrophysiological activity and 
preliminary reference values are reported for the bioelectrical charac
teristics of uterine contraction using IC-EHG in healthy women with 
proven fertility during the natural menstrual cycle. These values suggest 
an optimal range of uterine activity associated with fertility, which 
could be essential for a more in-depth understanding of uterine physi
ology and its relevance in assisted reproduction. The IC-EHG technique 
has shown that as the menstrual cycle progresses, there is an increase in 
the contraction rate, especially between the MF and EL phases, with a 
reduction in duration, amplitude and energy of the contrations. These 
results confirm the reliability and feasibility of the method, under
scoring its potential as a valuable diagnostic tool for real-time moni
toring, and reducing interobserver variability.

In short, this technology and the insights gained may represent a 
significant milestone in the fields of gynecology and ART and offers a 
new approach to improving the treatment and evaluation of uterine 
function.
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